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A novel nanocomposite consisting of 0.3 cobalt lanthanum nanoferrite/0.7
lanthanum perovskite—hematite nanoparticles (CoLa/LaH) and lanthanum
perovskite—-hematite nanoparticles (LaH) was synthesized using a simple
method. The crystallite size was determined by the X-ray diffraction (XRD)
pattern, and the particle size was determined using atomic force microscopy
(AFM) to demonstrate that the nano-samples had sizes within the nanoscale
range. Fourier transform infrared analysis was utilized to ensure that the
nano-samples were formed. By adding CoLa nanoferrite to the LaH
nanoparticles, an improvement in magnetic measurements was observed. The
saturation magnetization of the CoLa/LaH nanocomposite was 1.1-fold larger
than that of LaH. Also, the CoLa/LaH coercivity was 1.7-fold higher than in
LaH. Furthermore, the CoLa/LaH nanocomposite displayed a higher operat-
ing high frequency of 8.9 GHz, which could be used in an X-band super-high
microwave frequency, than the LaH nanoparticles. The LaH nanoparticles, on
the other hand, demonstrated a high operating frequency of 8.2 GHz, which
could be used in the C-band super-high microwave frequency. No activity was
observed for the investigated samples against the tested microorganisms,
which was unexpected behavior. Therefore, the investigated nano-samples are
interesting for being applied in magnetic targeting and separators, in partic-

ular the CoLa/LaH nanocomposite.

INTRODUCTION

Numerous experts are putting much effort into
enhancing the physical characteristics of various
materials to make them appropriate for various
applications.'™ Nanoferrites have generated a great
deal of interest over the last decade owing to their
wide range of applications, including -catalysis,
ceramics, magnetism, electricity, and optics.**!
Cobalt nanoferrite, in particular, is a promising
nanomaterial due to its mild saturation magnetiza-
tion, strong coercivity, chemical stability, and sig-
nificant potential in heavy metal wastewater
treatment.'>'* Lanthanum perovskite also offers
various uses, including photocatalysis, water
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splitting, and sensors.'®® Furthermore, hematite
nanoparticles are environmentally friendly and
efficient nanomaterials, which is important because
they may reglace harmful anionic surfactants in the
samples.'”!® To overcome the limitations of employ-
ing diverse materials, a revolution in manufactur-
ing nanocomposites has occurred. Additionally,
nanocomposites are hybrid/heterogeneous nanoma-
terials and multi-phase solid materials, created by
combining two nanomaterials with various struc-
tural and physical characteristics to enhance their
distinctive structure and fascinating physical prop-
erties for applications, such as UV protection gel,
drug delivery, and high-frequency use.'® The bene-
fits of developing novel nanocomposite materials
include enhanced thermal stability and magnetic,
electric, and optical characteristics. Incorporating
nanocomposite materials into industry may resolve
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various difficulties, including biological and non-
biological challenges, as well as electronics and
vehicle issues.?”

Nanocomposites are composites in which one
phase has a mnanoscale morphology, such as
nanoparticles or nanotubes.?° They are multiphasic
because they contain multiple phases, and at least
one of these phases should have a size between 10
nm and 100 nm. Recent developments in this
rapidly evolving field have resulted in the creation
of a large number of exciting new materials with
unexpected properties. Nanocomposites depend on
building blocks with nanoscale dimensions, in order
to design and produce innovative materials with
remarkable flexibility and enhancement of their
physical properties. There are several techniques
for creating nanoparticle materials. One of these is
the flash auto-combustion technique, which has
been used in the current study because it is easy,
quick, cost-effective, and saves time, and has piqued
the interest of various researchers.?'~%°

Researchers have developed a wide range of
nanocomposite materials by incorporating cobalt
nanoferrite with other materials for a wide range of
uses.?’ However, to the best of the authors’ knowl-
edge, this is the first time a nanocomposite of CoLa
nanoferrite has been prepared with hematite. Here,
nanoparticles of lanthanum, cobalt, and hematite
were used to make the nanocomposite material
because of their unique properties, especially their
magnetic properties. Furthermore, the current
work intends to improve the structural and mag-
netic characteristics of LaH nanoparticles, as well
as to evaluate their high-frequency application and
antibacterial assessment.

EXPERIMENTAL
Sample Preparation and Characterization

The nano-sample lanthanum perovskite-he-
matite (LaFeO3-Fe;0O3) (LaH) was prepared using
the flash method, as shown in Fig. la. Its starting
materials were 0.2165 g lanthanum nitrate, 20.2 g
iron III nitrate, 15.015 g urea, and a small amount
of distilled water, which were mixed for 30 min in a
beaker. The beaker was then placed on a heater at
500 °C until a fine powder was produced, which was
ground in an agate mortar for 1 h. Additionally, the
cobalt lanthanum nanoferrite (CoLaggoFe;9504)
(CoLa) was prepared using the same method at
the same temperature. Its starting materials were
14.551 g cobalt nitrate, 0.433 g lanthanum nitrate,
39.996 g iron III nitrate, and 20.03 g urea. Finally,
the 0.3 CoLa/0.7 LaH nanocomposite (0.3 CoLag gs.
Fe;9504/0.7 LaFeO3-Feo,03) was prepared by add-
ing a stoichiometric ratio of LaH with a
concentration of 0.7 to a stoichiometric ratio of
CoLa nanoferrite with a concentration of 0.3, and
then it was ground in an agate mortar for 1 h. All
the apparatus used in the present study are listed in
Table I(a).

(a)
Add distilled water to nitrates salt
Urea « Mixed them for 1/2 h
« Heat at 500 °C
* La(NO;); « Powder contained
* Co (NOy), « Grind them for one hour
* Fe (NO;); « Lanthanum pervoskite-hematite
was prepared
« Cobalt lanthanum nanoferrite was
prepared
To prepare Cobalt lanthanum nanoferrite/
| h pere ite-h i
Grind a stochiometric ratio from cobalt
lanthanum nanoferrite powder with
lanthanum perovskite- hematite powder
for one hour
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Fig. 1. (a) Preparation method, (b) thermal analyses, (c) XRD

analysis, and (d) FTIR spectra of the ColLa/LaH nanocomposite and
LaH nanoparticles.

Antimicrobial Measurements

The antimicrobial activities were examined usin%
the modified Kirby—Bauer disk diffusion method.®
The tested bacteria and fungi are described in



4900 Gamal, El-Bassuony, Hafez, and Abdelsalam

C
© " |0.3CoLay;Fe, ;0,/0.7LaFe0-Fe,0,|
(311)
(210)
% 80 + (110)
~
g
8 60 b
N’
(112)
> 115
240 ] (220) (104 (400) a0
g 204 (214
2
-]
o]

100 +

" LaFeO,-Fe,0

‘\9 80 - (210)

= (110)

2 60 -

"

2401 (311)

2 Q) @20 04 (115)

g 0y 116 g @9

g 20 (113)(202) (040)

o]

0 T T
10 2 30 40 50 60 20(° 70
(d)
120

——LaFe03-Fe203
——0.3CoLa0.02F¢1.9804/0.7LaFe03-Fe203
[<]

IS

=

400 700 1000 1300 1600 1900 2200 2500 2800 3100 3400 3700 4000 4300
Wave number (cm™)

Fig. 1. continued
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Table 1. (a) Apparatus, and (b) tested microorganism strains used for the CoLa/LaH nanocomposite and LaH

nanoparticles analyses

Analysis

Apparatus

(a) Characterization of nanoparticles
Thermal analyses

X-ray diffraction pattern (XRD)
Fourier transform infrared (FTIR)
Atomic force microscopy (AFM)
Magnetic measurements

NETZSCH STA 409 C/CD .
Diano Corporation of target CuKo (1 = 1.54 A)
Jasco FTIR 300 E spectrometer
Non-Contact Mode of Wet-SPM-9600

Vibrating sample magnetometer (VSM) model, Lake shore 7410

Type

(b) Antimicrobial micro-organisms
Gram-positive bacteria

Gram-negative bacteria

Fungi

Micro-organisms/ATCC

Bacillus subtilis/6051
Staphylococcus aureus/12600
Streptococcus faecalis/19433

Escherichia coli/11775
Neisseria gonorrhoeae/19424

Pseudomonas aeruginosa/10145
Candida albicans/7102
Aspergillus flavus/9643

Table II. Crystallite size, particle size, anad roughness of the CoLa/LaH nanocomposite and LaH

nanoparticles

Sample Crystallite size (nm) Particle size AFM (nm) Roughness
LaFeO3-Fey 03 26.3 75.95 1.420
03CoLa002Fe19804/07LaFe03-Fe203 27.7 164.4 1.423
Table III. FTIR peaks of the CoLa/LaH nanocomposite and LaH nanoparticles

No. of peaks 1 2 3 4 5 6 7 8
LaFeO3-Fey03 402.1 545.8 1156.01 1382.7 16459 2919.7 34249 3746.1
0.3CoLag g2Fe;.9504/0.7LaFe03-Fe;03  431.01  565.04  1154.2 1383.7 1621.8 2922.6 3408.6 3748.9

Table I(b). The investigated samples were examined
on 100 uL of the tested bacteria and fungi in vitro,
which were grown in 10 mL of fresh media until the
bacteria count was 107 cells/mL and the fungi count
10° cells/mL. The samples were incubated at 30 °C
for 24-48 h. Finally, the inhibition zone diameters
were measured.

RESULTS AND DISCUSSION
Thermal Analyses

The differential scanning calorimetry (DSC) and
differential thermal analysis (DTA) of LaFeO3-

Fe203 (lanthanum perovskite-hematite) (LaH)
nanoparticles are shown in Fig. 1b. The DSC graph
reveals two peaks, one endothermic at 25 °C due to
water loss and one exothermic at 300-375 °C due to
metal nitrate combustion with urea.?! As a result,
the formation temperature of the studied sample
was over 400 °C. As a consequence, the nano-sample
was prepared at 500 °C. The DTA curve for the
investigated material reveals two peaks. The first
peak (100-200 °C) was endothermic due to water
loss. The second endothermic peak occurred at
700 °C due to the enhanced crystallization of the
material at this annealing temperature.
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XRD Study

The X-ray diffraction (XRD) pattern for LaH
nanoparticles and CoLa/LaH nanocomposite is
shown in Fig. 1c, and depicts a multi-phase struc-
ture for both samples, which were assigned ICDD
card numbers (01-082-3106) for lanthanum per-
ovskite (LaFeOs), (04-006-8177) for hematite
(Fes03), and (04-005-7078) for cobalt lanthanum
nanoferrite. Using the Debye—Scherrer equation,®?
the crystallite sizes of the studied materials were
determined, and their values are shown in Table II:

K
" Becos 0’ (1)
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where B is the full width of half maximum, K is
the shape factor = 0.9, and 1 is the wavelength of
Cuko radiation = 1.54 A. The broadness of the XRD
peaks, as shown in Fig. 1c and Table II, corresponds
to lower crystallite sizes for the LaH nanoparticles
compared with the CoLa/LaH mnanocomposite.
Finally, the XRD analysis confirmed the formation
of the samples.

FTIR Study

The Fourier transform infrared (FTIR) spectra of
the LaH and CoLa/LaH nanocomposites are shown
in Fig. 1d, and the data are presented in Table III.
Eight peaks in the FTIR spectra of both materials
are found: two (peaks 1 and 2) are strong bands
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Fig. 2. (a) AFM micrograph and plane image, and (b) the average particle size and roughness of the LaH nanoparticles and Cola/LaH

nanocomposite.
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Fig. 2. continued

Roughness

usually seen in all ferrites for the octahedral and
tetrahedral sites.®® When CoLa nanoferrite is added
to LaH nanoparticles, most peaks exhibit a minor
shift to high frequency, because the metal-oxygen
band position is responsible for this alteration. The
stretching vibration of peak 3 is assigned to the C—
0O-C group. However, peak 4 is attributable to the
usage of metal nitrate during manufacture. The
carboxyl group is responsible for the stretching
vibration of peak 5. The band at peak 6 represents
the OH group, while the bands at peaks 7 and 8
represent the CH and NH groups, respectively.
Consequently, all the previous FTIR analysis peaks
indicate the creation of the nano-samples.

AFM Study

Figure 2(a: a, b, and ¢, d) shows the atomic force
microscopy micrograph (AFM) for the LaH nanopar-
ticles and the CoLa/LaH nanocomposite, respec-
tively. The images represent small particles (75.9—
164.4 nm) with a cluster owing to the lack of
surfactants during synthesis, such as polyvinyl
alcohol. In addition, the agglomeration is minor,
due to the presence of hematite in the sample’s
composition.***® Figure 2b shows the average par-
ticle size (75.9-164.4 nm) and the roughness (1.420—
1.423 um) of the LaH nanoparticles (Fig. 2b: a, b)
and the CoLa/LaH nanocomposite (Fig. 2b: ¢, d)
using the IBM SPSS Statistics 22 program, and the
values are reported in Table II. The CoLa/LaH
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nanocomposite has a slightly greater roughness
(1.420-1.423 um) than LaH nanoparticles, because
the particle size is greater than that of the LaH
nanoparticles. The average particle size (75.9—
164.4 nm) is larger than the crystallite size (26.3—
27.7 nm) provided in Table II, due to the particle
size being a cluster of tiny crystallites.*® Finally, the
average particle size and crystallite size from the
XRD examination of the samples emphasizes that
the nano-samples’ sizes are in the nanoscale range.

Magnetic Study

Figure 3a depicts the magnetic hysteresis loop for
the LaH nanoparticles and the CoLa/LaH nanocom-
posite at 300 K. The samples’ hysteresis loop reveals
soft ferromagnetism. By adding the CoLa nanofer-
rite to the LaH nanoparticles, all the magnetic
parameters for the CoLa/LaH nanocomposite
increased by a factor of 1.7 for coercivity (H,.), 1.3
for remnant magnetization (M,), 1.1 for saturation
magnetization (M), and 1.2 for squareness (R), as
shown in Table IV. The inclusion of a small concen-
tration of cobalt nanomaterial, known as a hard
ferrite, increases the coercivity of the CoLa/LaH
nanocomposite by 1.7-fold when compared to the
LaH nanoparticles. In addition, this increase is the

Gamal, El-Bassuony, Hafez, and Abdelsalam

magnetocrystalline anisotropy constant (k) of the
CoLa/LaH nanocomposite compared to that of the
LaH nanoparticles, computed as follows:3"~*°

M_H,
~70.98 (2)

Generally, it is necessary to measure the nano-
sample’s squareness to determine the nanoparticles’
interaction type.*’*? The type of interaction
between the nanoparticles in this work was a
magnetostatic interaction, with R = 0.5, which is
estimated by:*%**

M,

R= M.

Figure 3b illustrates the first derivative of the
magnetization concerning the applied field (mag-
netic susceptibility y = dM/dH) for the materials,
and Table IV lists the results. Both samples dis-
played a high magnetic susceptibility, y, due to their
high saturation magnetization, M. This is a signif-
icant finding that makes the materials, particularly
the CoLa/LaH nanocomposite, applicable as a mag-
netic target and separator. The figure also illus-
trates that the CoLa/LaH nanocomposite has a
broader width than the LaH nanoparticles owing

(3)

result of a 18-fold increase in  the to a 1.7-fold increase in coercivity of the CoLa/LaH
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Fig. 3. (a) Magnetic hysteresis loop, (b) magnetic susceptibility, and (c) operating high frequency of the ColLa/LaH nanocomposite and LaH

nanoparticles.
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Table IV. Magnetic parameters of the CoLa/LaH nanocomposite and LaH nanoparticles

M, M. Magnetocrystalline Magnetic
Magnetic H, (emu/ (emuw/ Squareness anisotropy constant susceptibility y
parameters (e} g) g) MM, k (erg/g) (emuw/g. G) x 1072
LaFeO3-Feo0O3 242.33 36.977 8.1818 0.2213 9143.5 3.57
0.3CoLag g2Fe; 9504/ 403.77 40.353 10.786 0.26731 16,293.3 2.70

0.7LaFe03-Fe203

nanocomposite. Consequently, adding CoLa to the
LaH nanoparticles improved their magnetic char-
acteristics, allowing them to be used in magnetic
targeting and separation.

High-Frequency Application

The ranges of operational frequency values (30—
300 MHz for radio waves and 300 MHz to 300 GHz
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Fig. 4. Antimicrobial activities of the (a) CoLa/LaH nanocomposite, and (b) LaH nanoparticles.

for microwaves) are essential for developing high-
performance high-frequency devices.*® Figure 3¢
depicts the high operating frequency for the LaH
nanoparticles and CoLa/LaH nanocomposite, and
Table IV lists the results. The high operating
frequency was determined by:*®

= 81%yM, (4)

where y and M represent the gyromagnetic ratio,
y = 2.8 MHz/G, and the magnetization, respectively.
Both samples showed high-frequency ranges due to
their high saturation magnetization, as illustrated
in Fig. 3b and Table IV. The LaH nanoparticles
have a frequency of 8.2 GHz, allowing them to be
used in the very high microwave frequency C-band,
whereas the Cola/LaH nanocomposite demon-
strated a value of 8.9 GHz, allowing it to be used
in the very high microwave frequency X-band.
Finally, the samples exhibited fascinating micro-
wave frequency applications.

Antimicrobial Study

The antimicrobial properties were studied for
both samples. Figure 4a and b depicts the in vitro
antibacterial activity of the samples. In previous
studies, each of the LaFeOs and Fe;O3 nanoparti-
cles has shown strong antibacterial activities.*’~*°
Conversely, in the current research, they omit their
activity, which is referred to as the antagonistic
impact when combined. According to the findings of
the antimicrobial investigation, neither sample had
any impact on the Gram-positive and Gram-nega-
tive bacteria and fungi that were examined. This
was due to the nano-samples’ antagonistic impact
on the bacteria and fungi, which was unexpected.?
Therefore, introducing strong antibacterial sub-
stances did not affect the microorganisms.?*53

CONCLUSION

Lanthanum perovskite—hematite (LaFeOs—Fe;03)
(LaH) nanoparticles and a cobalt lanthanum nanofer-
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rite/lanthanum  perovskite—hematite (0.3CoLag go.
Fe;9504/0.7LaFeO3s—Fes03) (CoLa/LaH) nanocompos-
ite were prepared using a rapid method (flash). The
XRD and AFM investigations of structure and mor-
phology revealed that the materials have nanoscale
sizes. The CoLa/LaH nanocomposite exhibited a greater
saturation magnetism than the LaH nanoparticles,
allowing its use in magnetic targeting and separators.
In addition, the nanocomposite (CoLa/LaH) demon-
strated a high operating frequency for use in X-band
ultra-high microwave frequency applications. The LaH
nanoparticles, on the other hand, demonstrated a lower
frequency than the CoLa/LaH nanocomposite, which
allowed their application in the C-band super high
microwave frequency. The antibacterial properties
were investigated, but no activity was detected against
the tested bacteria and fungi. Finally, the magnetic
characteristics of the LaH nanoparticles were improved
by adding a small concentration (0.3) of CoLa nanofer-
rite, allowing them to be used in various applications.
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