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Abstract

In this work, bismuth nickel ferrite (Bix Ni1x Fe2O4) supported by activated carbon (AC) with
x=0, 0.3 and 0.5 were made and studied using the sol-gel method, and the samples were
calcinated at 350 and 650 °C for 3 hours. XRD, FTIR, FESEM, and EDX spectroscopy were
used to examine the chemical structure and morphology of bismuth nickel ferrite on activated
carbon (Bix Niix FexO4/ C). The XRD patterns show that when the temperature of the
synthesized material is raised, the intensity and spread of the peaks decrease. This leads to more
crystallization. FTIR studies were done in the frequency range (400-4000) cm™, and the FTIR
spectrum of (Bix Ni1x Fe204/ C) shows the two significant absorption bands near the frequency
ranges 500 cm™ and 700 cm™. FESEM with particles that were between 17 and 60 nm in size
was used to study the surface morphology. The EDS plots revealed the existence of no extra
peaks other than constituents of the taken up composition. The decrease in saturation
magnetization (Ms) and remanence magnetization (M) is seen through the utilization of a
vibrating sample magnetometer (VSM).
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Introduction

Among the many beneficial qualities of carbon-based materials and conductive polymers are
their high dielectric constants and low densities. Although graphite was one of the earliest
absorbents to be put to use, other carbon-based materials, including carbon black [1], carbon
fibers [2], and carbon nanotubes [3], have all seen extensive applications as well. In order to
maximize absorption, researchers have studied the effects of doping or altering carbon and
inorganic magnetic elements in composites [4, 5]. Activated carbons are a popular material for
photocatalyst supports because they have high specific surface areas, are easy to control in
terms of surface chemistry, are good at absorbing organic compounds, have high porosity, and
can be burned to recover the active metal phase. The porous nature of the carbon allows
molecules of a pollutant that have been absorbed to reach the photo-catalytically active sites.
This increases the rate of oxidative breakdown under UV light, which suggests that the carbon
support may have its own photoactivity [2]. Spinel ferrites (MFe2 O, where M = Ni, Mg, Ca,
or Co) have narrow band gaps (2.0 eV), magnetic separation, and chemical stability that make

their nanoparticles great options for use as photocatalysts in decontaminating the environment
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[6,7]. Attractive to scientists is the prospect of using magnetic semiconductor nanoparticles in
water purification. Nickel ferrites with the general formula (AB2 O4) are among the most
valuable magnetic materials due to their high curie temperature, strong saturation

magnetization, chemical stability, and relatively high permeability [8].

Experimental

Synthesis of the bismuth nickel ferrite-activated carbon samples

The purity of the nickel nitrate, iron nitrate, bismuth nitrate, and carbon was 99%. A pH meter,
an industrial oven, and an Ohaus digital weighing scale were also used. The bismuth nickel
ferrite-activated carbon (AC) materials having different compositions [Ni Fez O4/ C], [Bio.3 Nio.7
Fe> O4/C], and [Bio:s Nios Fe2 O4/C], (denoted as S, S1 and S2) calcined at 350 °C and [Ni Fe:
04/C], [Bio.s Nio.7 Fe2 O4/C] and [Bios Nios Fe2 O4/C], (denoted as S3, S4 and S5) calcined at
650 °C. More details are in Table (1). Drops of ammonia solution were slowly added to the
mixed solution while it was being stirred constantly to control its pH, this was done until it hit
a value of pH=7 and turned a dark brown color. Stir for 30 minutes at room temperature to
blend everything. Raise the temperature to 90°C gradually. Stir continuously until gel forms.
After 30 minutes, the solution's viscosity is very high, so gel formation begins on the surface,
notably in the middle, and eventually all of it gels. The solution remains on the magnetic stirrer
at 90 °C. The burned gel becomes a fine, dark gray powder. High-purity ferrite production has

commenced.

Table 1. Details of the symbols used.

SAMPLE NAME MATERIAL CALCINATION TEMPERATURE (°C)
S NiFe, O4/C 350°C
S1 Bio3Nio7 Fe, O4/C 350°C
S2 Big s Nios Fe, O4/C 350°C
S3 Ni Fe, O4 /C 650°C
S4 Bio.s Nip7 Fe, O4/C 650°C
S5 BiosNios Fez O4/C 650°C
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Characterization

The structural characteristics of (Bix Nix.1 Fe2O4 /C) nanoparticles have been studied by the
XRD type (Panalytical X’ Pert Pr, UK) and the FTIR type (IR Affinty-1CE (FTIR)
spectrophotometer). The morphological characteristics have been studied by field emission
scanning electron microscope (FESEM) and model (ZEISS SIGMAVP/Germany). Vibrating
sample magnetometer (VSM) using the (LBKFB Meghnatis Daghigh Kavir Company model).

Results and Discussion

XRD Analysis

Figure (1a) shows the XRD pattern of activated carbon, which has a clear, broad peak at 26=
25.17°, 26=43.51°, and a weak peak at 26=29.4°, 26=39.9°, which match the (002), (400) and
(220), (100) crystallographic planes, respectively. The measured peaks were linked to activated
carbon with hexagonal crystals [9,10] correspond to (ICDD: 00-041-1987). Figure 1(b,c)
shows the XRD patterns of NiFe, O4/ AC at (350 and 650)°C ,respectively. NiFe; O4/ AC
exhibited spinel diffraction peaks at 20 values of 30.49°, 35.68°, 37.33°, 43.53°,57.45°, and
63.02° which correspond to crystallographic. Finally, NiFe; O4/ AC has diffraction peaks at 20
= 30.49°(220), 35.68° (311), 37.33° (222), 43.53° (400), 57.45° (511), and 63.02° (440) [11]
(ICDD: 00-010-0325). When different types of Bi Ni Fe> O4 were deposited on the surface of
the alternating current, we notice a decrease in the strength of the carbon peaks with the
emergence of other peaks. The appearance of these peaks is attributed to the interaction of metal
oxides with the alternating current [12]. Activated carbon proves that NiFe> O4 nanoparticles
can form and persist. The crystallite size (D) is calculated using Scherrer's formula [13]:
D=k Ax /P cosH (1)

Where k: is shape factor. Ax: is the wavelength of incident x-ray radiation = (1.5406 A for
CuKa). B: is the full width at half maximum (FWHM) of the peak (in radians). 0: is Bragg’s
angle, and Table 2 shows that the crystallite size of Bi NiFe2 O4/C nanoparticles decreased with

the rise in nickel ferrites concentration.
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Figure 1: The XRD pattern of Bix Ni1.xFe204 /C (x =0, 0.3 and 0.5) nano ferrite particles (a-
AC, b- Bix Ni1-xFe204 /C calcined at 350 °C and
c- Bix NizxFe204 /C calcined at 650 °C ).
Volume: 2, Issue: 2, April 2024 213 P-1SSN: 2958-4612

Manuscript Code: 781B E-ISSN: 2959-5568



Academic Science Journal

Table 2: XRD calculations of Bix Ni1x Fe2 O4/C (x=0, 0.3, and 0.5) at different calcination
temperatures (350 and 650)°C.

Material 20 (deg) | 20 (deg) FWHM Crystalline d nu (A°) dnii (A°) (ki)

Practical | Standard (deg) size (nm) Practical Standard
25.17 26.34 4.52 1.8017 3.53 3.38 (002)
AC 29.4 30.294 0.063159 130.1014 3.04 2.94 (220)
39.9 41.22 0.106912 79.0886 2.27 2.13 (100)
43.51 43.363 2.508430 3.4115 2.02 2.08 (400)
30.49 30.29 0.359323 22.94 2.93 2.94 (220)
Bix Nis- 35.68 35.7 0.469630 17.8 2.51 2.51 (311)
xFe204/C 37.33 37.31 0.860051 9.75 2.40 2.4 (222)
calcined at 43.53 43.36 0.646653 13.24 2.08 2.08 (400)
(350 °C) 57.45 57.35 0.584515 18.68 1.604 1.6 (511)
63.02 62.91 0.539753 12.55 1.47 1.47 (440)
30.33 30.29 0.175565 46.92 2.93 32‘11 (220)
35.74 35.7 0.185863 45.14 2.51 2'4 (311)
Bix Nii- 37.33 37.31 0.179343 46.86 2.40 5 '08 (222)
xFe204 /C 43.38 43.36 0.184208 46.48 2.08 1 '702 (400)
calcined at 53.89 53.8 0.185291 48.19 1.701 1 6 (422)
(650 °C) 57.4 57.35 0.200464 45.3 1.604 1 ;17 (511)
62.99 62.91 0.217547 42.95 1.47 ’ (440)

FTIR Analysis

The FTIR spectra of the as-prepared samples (Bix Ni1.x Fe2 O4/C) are given in Figure (2). This
spectrum comprises the characteristic peaks of activated carbon and nickel ferrite, which
supports the synthesis of the composite material. The FTIR spectra of the materials made from
(Bix Ni1.xFe2 O4/C) showed strong bands in the lower mid-infrared (500-700 cm-1) region. The
stretching waves of the metal-oxygen bond (M—O; M = Ni and Fe) are thought to have caused
these bands [14]. The (Fe-O) and (Ni-O) stretching vibration bands of (Bix Niix Fe2 O4/C)
were thought to be the cause of the strong peaks found at 578 and 619 cm™ [15, 16]. These
strong peaks might also be related to the Fe-O vibration of octahedral spinel ferrite [17,18].
Each of the manufactured materials exhibits a peak in the region of 1550 cm™ that can be
attributed to (CO stretching) [16, 18]. Which is due to the fact that it was physisorbed in
addition, the significant peak that was observed in the activated carbon at around 2000-2300
cm* could be due to an asymmetrical stretch of O=C=0 that was trapped inside the pores of

the activated carbon while the calcination process was taking place [19]. It has been determined
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that the (N-H) stretching frequency of amide Il is responsible for the absorption peak that
occurs about 3850 cm™ [9].
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FESEM Analysis

Figure (3) shows the FESEM images analysis obtained for (BixNii-xFe204/C) composites. The
morphology of each of the prepared samples reveals, to varying degrees, an aggregate of
nanoparticles that are spherical and uniformly generated on the surface of the AC [14]. The
use of AC as a support, generally, results in an improvement in the dispersion of transition
metal oxides and a reduction in the agglomeration of such oxides [18]. The calcination process
results in the emission of a significant amount of gas, which may be responsible for the presence
of several fine pores or voids (defects) on the surface of the sample. According to the analysis
of the micrograph, the size of the grains ranges from 17 to 60 nanometers. The FESEM images
of the as-prepared composite (Bix Ni1-x Fe2 O4/C) show that the activated carbon made from
corncobs has a porous structure with numerous pores that are uniformly distributed across its
surface. While making a composite out of bismuth nickel ferrite (Bix Nii-x Fe2 O4) particles and
activated carbon, the ferrite particles were randomly distributed and devoured a portion of the
surface porosity of the activated carbon. Although some of the AC porosity was shielded by
(Bix Ni1x Fe2 O4) aggregates, the synthesized composite has its not porous structure on the AC
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surface and has coated it. While we notice in the samples (S2, S4 and S5) the shape of the

surface has changed from smooth to rough in texture.
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Figure 3: FESEM image of all (BixNi1-xFe204/C) ferrite particles which are sintered at (350
and 650) °C
EDS Analysis

The EDX spectrum analysis reveals that the classic peaks of Bi, Fe, Ni, C, and O are present,

that confirms the chemical structure of nanocomposite adsorbent. Figure (4,5) depicts a table
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containing the weight percentages of the elements Bi, Fe, Ni, C, and O. This Table demonstrates
that these components are present in the composites. This image demonstrates how spinels are
formed. The constant elemental mappings reveal that O, Fe, C, Bi, and Ni are all spread out
similarly. Carbon was the lowest fraction of all the chemicals created, indicating that metal-
oxide layers covered the majority of the catalysts' surface [16]. These findings are supported by
the FESEM values.
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Figure 4: The EDS pattern of (BixNii.xFe204/C) nano ferrite particles sintered at 350°C
with the composition (x = 0.0, 0.3 and 0.5)
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Figure 5: The EDS pattern of (BixNil-x Fe204/C) nano ferrite particles sintered at 650°C
with the composition (x = 0.0, 0.3 and 0.5)

VSM Analysis

Magnetic measurements were conducted at a standard room temperature of 300 K on samples
of [Bix Ni 1.xFe204/C]. Figures (6,7) (A and B) depict the magnetization against applied
magnetic field (M-H) curves of condensed nanoparticles of [Bix Ni 1-xFe2O4/C] in bulk form.
All of the samples exhibit a minimal level of coercivity and remanent magnetization. The study
determined the presence of unobstructed superparamagnetic nanoparticles. When the
temperature above the blocking temperature [20]. This alignment leads to the formation of a

single domain magnetic nanoparticle. Additionally, the coercive force (Hc) was determined
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based on the characteristics of the hysteresis loop. The figures (6) and (7) demonstrate a

decrease in the coercive force as the value of (x) increases. This variation in coercive force can

be explained by the relationship (H=K+/M:s), where K; represents the stability of symmetry. The

reduced in (Hc) can be attributed to the small size. The decrease in granularity and roughness

can be attributed to the rise in particle size, which in turn enhances the roughness and thus

promotes greater stability of the magnetic field walls [21].
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Figure 6: Magnetization versus applied magnetic field of (BixNi1.x Fe204/C) nano ferrite
particles sintered at 350°C with the composition (x = 0.0, 0.3 and 0.5).
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Figure 7: Magnetization versus applied magnetic field of (Bix Nii-x Fe2 O4/C) nano ferrite

particles sintered at 650°C with the composition (x = 0.0, 0.3 and 0.5)

Table 3: The variation of magnetic parameters for Bix Nii.x Fe2 O4/C) nano ferrite particles.

Calcination Temperature (°C) | Sample | Hc(Oe) | Mr(emu/g) | Ms(emu/g) | Mr/Ms
S 100 7.7 15.89 0.48
350°C S1 0 2.81 15.69 0.17
S2 0 2.5 9.27 0.26
S3 195 13.07 25.25 0.51
650°C S4 100 11.82 21.68 0.54
S5 100 4.83 14.57 0.33
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Conclusions

Based on the results of structural (XRD and FTIR) and morphological (FESEM and EDX)
experiments, can say the following: (i) The sol-gel auto-combustion method was used to make
activated carbon on bismuth nickel ferrite nanoparticles, and it worked well. Careful planning
and small changes to the synthesis process lead to the development of a better structure, leading
to better structural and morphological traits. (ii) the sharp peaks of the XRD patterns symbolize
the high crystallinity of the synthesized samples. (iii) The FTIR spectrum shows that the sample
is made of ferrite because it has two strong absorption bands. (iii) The FESEM showed
nanoscale size and virtually homogenous particle size distribution, microscopy of activated
carbon replaced ferrite shows that the substitution changed the microstructure, resulting in
agglomerations of homogenous spherical and other polyhedral particles. The elemental% and
atomic% data of activated carbon on bismuth nickel ferrite system reveal the existence of C,
Fe, O, Ni, and Bi as participating cations (except when x = 0). Based on the results of a magnetic
test, the investigation revealed that the particles exhibited behavior consistent with super
paramagnetism due to their suitably small size.
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