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Abstract: The facile hydrothermal process was adopted to prepare Gd**’G@CoFe,O, magnetic
material. The XRD, SEM, TEM, FTIR, and VSM were used for their structural, morphological, textural,
functional group, and magnetic properties analysis. The samples were with pure spinel structure having
lattice parameters increasing with increasing Gd** doped graphene. The 50-90 nm sized CoFe,O4 were
spreading evenly over the Gd** doped graphene. FTIR shows cation stretching and vibrations within
the 400-4000 cm™* wavenumber range. VSM shows the sample with magnetic nature which can be
isolated from the solution using a simple magnet.
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1. Introduction

Materials with exotic physiochemical properties are not so easy to manufacture with
the traditional methods [1-3]. The chemically stable and excellent magnetic materials like
spinel ferrite (MFe204) are exploited today [4]. The wastes can be recycled by extracting spinel
ferrites [5]. The magnetic cobalt ferrite (CoFe20s4) is useful in sensors, semiconductor catalysts
activated under light, biomedicines, opto-magnetism, electrical, and antibacterial [6-10]. It has
a bandgap of 2 eV, and an n-type semiconductor can be activated by normal light [11]. Their
controlled morphology can contribute to their physicomechanical properties [12-15]. Gd**
doped graphene has enormous conductivity [16]. The trivalent ions substitution in the
octahedral site was studied extensively [17-20]. The preparation methods like sol-gel,
hydrothermal, coprecipitation, etc., greatly affect the properties of the prepared samples [21-
25]. Commercially viable ferrites can be obtained from a simple and controlled preparation
[26].

This paper adopted the hydrothermal method to prepare Gd3*/graphene substituted
cobalt ferrite and characterized with XRD, SEM, TEM, FTIR, and VSM for their respective
properties.
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2. Materials and Methods

Phosphoric acid, sulfuric acid, ethanol were bought from Thomas baker and iron
acetate, cobalt acetate, gadolinium nitrate, potassium permanganate, potassium hydroxide and
Vulcan carbon were bought from Sigma-Aldrich.

2.1. Synthesis reduced graphene oxide (RGO) and Gd**/G

The flake of graphite powder was used for the preparation of RGO with the help of
Hummer’s method [36], which further gives Gd*'-doped graphene (NG). In this method, 60
mL RGO solution was ultrasonicated in a round bottom flask for half an hour and added 0.5 g
of urea onto it. The solution is then transferred to a Teflon-lined autoclave under 180 °C for 24
h, filtered NG. The resultant was then washed with alcohol and double distilled water. It was
finally dried at 80 °C for 12 h.

2.2. Synthesis of Gd**/G @CoFe;04

50 mg of Gd**/G was mixed with 15 mL of distilled water. The resultant was mixed
with a 50 mg acetate mixture of iron and cobalt in the molar ratio of 2:1. It was washed with
ethanol and stirred at room temperature for 24 h to combine Co?* and Fe?* ions with Gd®*
nitrate and oxy functional groups on the graphene framework. The resultant is transferred into
a 50 mL Teflon-lined stainless steel autoclave maintained at 120 °C for 12 h. Filtration of the
solution and drying at 60 °C give Gd**/G @CoFe;04. Similarly, CoFe,O4 was synthesized.

3. Results and Discussion

3.1. XRD Study

A powered X-ray diffractometer (XRD) was used to determine the structural parameters
of RGO, Gd**/G, CoFe,0., and Gd**/G @CoFe,04, whose patterns are shown in Figure 1 (a)
and (b). RGO and Gd*'/G correspond to the peak (26°) at 24.9° (002) and 24.3° (002),
respectively, and agree with JCPDS Card No. 75-1621 [27]. The diffraction peaks in Fig. 1 (c)
and (d) are related to the CoFe,O4 and CoFe,0s @ Gd*/G nanocomposite matching with
JCPDS No. 00-022-1086 [28]. The (002) diffraction peak becomes weaker due to the
destruction of the stacking of interlayer cobalt ferrite nanorods [29]. However, CoFe>O4 and
CoFe;0;s @ Gd*/G nanocomposites have intense peaks indicating their good crystallinity
nature.

The lattice constant and average crystallite size is found with Bragg's law [30] and the
Debye Sherer formula [31].:

a=dvhZ+ k2 + 2 )
91
D3qp = —ﬁocjse (2)

Where d is the interplanar spacing and h, k, | are the miller indices. A, B, and 0 are the
wavelength of X-ray, FWHM of (311) peak, and diffracting angle, respectively.

The synthesized nanoparticles' lattice constant and crystallite size values were 8.423 A
and 8.428 A between 25 nm and 40 nm, as shown in Table 1. The synthesized ferrites'
nanostructured materials are confirmed by the XRD crystalline calculation [32].
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Figure 1. PXRD pattern of (a) RGO and (b) NG (c) CoFe,0, and (d) Gd**/G@CoFe;0,.

Table 1. Crystallite size value of CoFe,O, and CoFe,O, @Gd*/G nanoparticles.

Composition Lattice constant ~ Crystallite size Space group
(x) A) (nm)
CoFe204 8.423 25 Fd-3m
CoFe:04 @Gd**/G 8.428 40 Fd-3m

3.2. Scanning and transmission electron microscopy studies.

The SEM images of the (a) RGO and (b) NG, (c) CoFe20s, and (d) Gd**/G@CoFe,04
are shown in Figure 2 (a) to (d), where the nanorods of cobalt ferrites and the cobalt ferrites
nanorods in Gd**/G are seen clearly. The estimated particle size values were determined from
this study to be in the range of 50 nm to 90 nm. The agglomeration of the particle collections
caused an inhomogeneous size distribution after the low-temperature sintering processes,
which caused the size variation [33]. Similarly, the respective TEM images of GO, Gd®*/G,
CoFe;04, and Gd**/G @ CoFe204 in Figure 3 (a) to (d). The GO has lamellar, and Gd**/G has
a dense texture. The layered Gd**/G show the incorporation and agglomeration of CoFeO4
nanotubes.
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Figure 3. TEM micrographs of (a) GO, (b) NG, (c) CoFe,04 and (d) Gd**/G@CoFe,0,.
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Figure 3. FTIR spectrum of (a) GO, (b) NG, (c) CoFe;O4 and (d) Gd**/G@CoFe;04.
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3.3. FTIR studies.

Figure 3 shows the FTIR spectra of (a) GO, (b) NG, (c) CoFe:Os and (d)
Gd**/G@CoFe;04. The vibration due to stretching of carbonyl, aromatic, carboxylic, epoxy,
and alkoxy (with the respective notations O-H, C=0, C=C, C-OH, C-O, and C-O) giving a
peak at around 3353, 1730, 1621, 1386, 1239, 1082 and 1032 cm* respectively. However, the
functional group related to oxygen that is not visible in Gd®** doped graphene might be of the
synthesis process and doping. The peaks around 1568 and 1212 cm™* are due to the sheets of
graphene. Their frequency is shifted towards red in the spectrum of Gd**/G @CoFe;04 related
to the graphene sheet, which might be due to the insertion of cobalt ferrite in the framework of
Gd**/G as shown in Figure 4. The peak around 589 cm ™ is due to Fe-O, indicating the presence
of CoFe204 [34]. Due to the distance variation between Fe3+ and O2- ions from the given
figure, there is a small shift to the higher wavenumbers caused by substitution content [35].
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Figure 4. Magnetic hysteresis loop of (a) CoFe,04 and (b) Gd**/G@CoFe,0s.

3.4. Magnetic properties.

The hysteresis loops obtained from the VSM analysis reveal the sample’s highly
magnetic characteristics (like Ms, My, He, R, K, uB), as shown in Figure 4. The saturation
magnetization/coercivity is 53.73/45.84 emu/g, and 1105.32/480.210e are found for CoFe204
and Gd**/G@CoFe,04. The non-magnetic nature of Gd**/G reduces the magnetic saturation
value of Gd*/G@CoFe;04. However, adding magnetic material with Gd**/G may tune the
magnetic behavior significantly, as mentioned in the previous literature [36].

The formula is used to calculate the remnant ratio [37].

R=-" €)

Ms
The application of prepared ferrites is shown by the remnant ratio. A ratio value smaller
than 1 indicates that the materials are suitable for sensitivity applications [38]. However, it is
seen that the value increases as the concentration of the dopant increases, suggesting that doped
samples are also suitable for memory storage devices.
The magnetic moment is determined using the formula below [39].

MS
pp =M X —— (4)

where M is the measured sample's molecular weight.

https://biointerfaceresearch.com/ 5 0f 9


https://doi.org/10.33263/BRIAC135.464
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC135.464

It has been found that magnetic moment increases as doping concentrations increase.
However, all the results remained relatively stable, indicating that all the samples exhibited
minimal energy losses [40].

Additionally, the following formula is used to calculate the anisotropy constant [41].
_ HexMy 3)
0.96 (
Due to an increase in saturation magnetization and a considerable decrease in

coercivity. The doping concentration is inversely related to magnetic anisotropy. This shows
how the synthesized doping samples increase the magnetic crystallinity in ferrite samples
[42].The magnetic parameters of synthesized sample values are shown in table 2.

Table 2. Magnetic parameters of CoFe;O4 and CoFe,04 @Gd**/G nanoparticles.

Concentration (x) Ms He Mr M{/Ms  Magnetic Anisotropy
(emu/g) (Oe) (emu/g) (emu/g) moment constant
uB) (erg/g)
CoFe;04 54.26 325 30.51 0.56 2.12 19.268
CoFe,0; @Gd*/G 45.15 264 28.54 0.63 2.05 12.565

4. Conclusions

The hydrothermal process successfully prepared CoFe;O4 and Gd**/G@CoFe,04
nanocomposites and characterized their structural, morphological, textural, functional, and
magnetic properties. Gd**/G@CoFe,04 is separated with a simple bar magnet. Powder XRD
show Gd**/G@CoFe,04 nanocomposites in the framework of cubic spinel cobalt ferrite. The
average crystallite was found in the range of 50-90 nm. The addition of non-magnetic Gd**/G
reduces, and the suitable addition of CoFe2O4 increases the saturation magnetization of the
Gd**/G@CoFe,04 nanocomposites.
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