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1. Introduction

During the last decades, experimental and theoretical results
have shown that particle aggregation shows an significant
role in regulating the material properties of colloidal sys-
tems. Investigation on the geometric properties of growth
surfaces remains one of the greatest essential matters in the
non-equilibrium statistical physics arena. Not only due to
modeling the properties is a challenge for the theoretical
physicist, but mainly to build and shape the surfaces with
the desired goals [1-5].

In manufacturing procedures, the surface morphology can
be pretentious by a wide variety of parameters. These
sources include imprecisions in the machine tools, vibra-
tions of the machine or workpiece, deformation under cut-
ting forces, all of that will lead to irregularities on a mil-
limetre scale, and material rupture during chip removal,
which will lead to irregularities on a micro-scale. To put it

another way, the surface morphology changes depending
on the size. In a wide variety of technical applications, it
is helpful to classify surface morphology as micrometer,
millimeter, and meter-scale surface roughness, waviness,
and lay, respectively. At the nanoscale (also known as
the nanometer scale), surface roughness is connected with
atomic structure, which is significant because it focuses on
the position of a single atom. Surface phenomena, such as
friction, adhesion, contact angle, light reflection and photon
absorption are greatly influenced by the morphology of the
surface. Research fields ranging from quality assurance and
tribology (the study of friction, lubrication, and wear) to
biomechanics and hydrodynamics, and even oceanography
and selenology are among those in which roughness plays a
significant role [1-5].

The shape of the structures because of the deposition of
particles is a subject that has received a lot of attention and
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has challenged theoretical and experimental investigators
in the field of material physics. Experimentally, there is a
physical possibility of thin film growth. Different models
have been used to a great extent in this field of studies using
different shapes of particles [6—12].

Although many models are much simpler, they can be used
as a good starting point for study. More complex processes
are directly related to the empirical growth process. New
experimental techniques, such as molecular beam sputter-
ing or coherent growth, can provide appropriate materials
for many applications in various fields, such as medicine
[13-16].

The properties of the thin layer at the sub-micron level and
the mechanisms that determine the morphology of the thin
layer can help in achieving better control of the properties
of the thin layer in science and technology.

Inorganic nanomaterials composited with polyaniline
(PANI) can improve the mechanical properties and extra
properties reliant on the additives used. Conductive fer-
rite/polymer composites provide a new functional combina-
tion between organic and inorganic materials.

PANI coating on ferrite nanoparticles can increase compati-
bility with organic materials, decrease washing sensitivity
and possibly prevent aggregation. Newly, several investi-
gates have attentive on the PANI/ferrite composites to find
the materials with synergetic or complementary behavior
between PANI and ferrite nanoparticles [17-23]. Dopping
polyaniline with magnetic particles have received lots of
acknowledgment because of its vast application [24-29].
Polyaniline-nickel-ferrit nanocomposites with various con-
tents of nickel-ferrit were synthesed by chemical oxidation
polymerization method, while the nickel-ferrite nanoparti-
cles were prepared by sol—gel technique [30]. The effects
of adding nickel-ferrite nanoparticles on the magnetic and
electrical properties of PANI were studied by Prasanna et
al. [31]. From Singh et al. [32] study, in order to increase
the electrochemical performance of PANI incorporated that
with transition metal oxide (nickel-ferrite).

The polyaniline-ferrite-carbon composite can be a very suit-
able conductive and magnetic composite for applications
such as anti-radar conductive coatings on aircraft and mil-
itary bodies. Due to its high conductivity and magnetic
properties, this composite can absorb radar waves and thus
decrease the possibility of recognizing the identity and po-
sition of the aircraft for different radar systems. In addition,
this composite can be used as a suitable alternative for
high-performance magnetic and conductive composites in
industrial and military applications.

Kolhar et al. [33] doped synthesed nickel-ferrite nanopar-
ticles with polyaniline in various weight ratios using an in
situ polymerization technique.

In the present research, the production of composite layers
is discussed experimentally. The carbon nanoparticles is
prepared by the green synthesis methodand which will be
explained in the next section.

The experimental aim is to fabricate thin layers of trans-
parent polyaniline with magnetic nickel ferrite materials
and carbon nanoparticles. Then the structural and mag-
netical properties of this layer have been compared with
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nickel-ferrite thin layer. The different properties of pre-
pared thin films were studied by using various analytical
methods like X-ray diffraction patterns, infrared absorption
spectroscopy, scanning electron microscope images, vibrat-
ing sample magnetometry, and atomic force microscope
analysis. The organization of this paper is as follow: In sec-
tion 2, the methodology and experimental setups have been
explained. The results have been presented in section 3, and
they have been summarized in section 4.

2. Methodology and experimental setups

2.1 The green synthesis of nanoparticles (NPs)

The green production of nanoparticles (NPs) is a bottom-
up strategy that involves the synthesis of NPs via the oxi-
dation/reduction procedure of metallic ions using organic
moieties derived from biological resources. This process
creates NPs. Microorganisms like bacteria, yeast, algae,
fungi and actinomycetes could be part of these biological
systems. Plant extracts from a variety of plants might also
be included [34-36].

An advanced combination of citric acid and ethylene di-
amine has been used to make carbon nanoparticles. With a
one-to-one stoichiometric ratio, both materials were added
to the water solvent and placed inside the autoclave for
72 hours at a temperature of 220 °C. After the completion
of the reaction, a black precipitate containing carbon dots
is obtained, which is washed several times using ethanol,
acetone, and water. In the final step, the black powder is
subjected to ultrasonic waves with a power of 400 watts to
make the carbons.

To produce nickel-ferrite nanoparticles, 0.01 mol of hexava-
lent nickel nitrate (Nickel(II) nitrate hexahydrate Merck)
and 0.02 mol of hexavalent iron nitrate (Iron(III) nitrate non-
ahydrate Merck) were first dissolved in 200 mL of deionized
water. Then, 0.5 g of sodium dodecyl sulfate (Sodium do-
decyl sulfate Merck) was added as a precipitating agent. In
the end, 10 mL of one-molar ammonia (Ammonia solution
25% Merck) was added as a precipitant, and the pH was
fixed at eleven. Then, the resulting solution was transferred
to an autoclave and kept at a temperature of 200 °C for 5
hours. After washing and centrifugation, it was dried in a
vacuum oven at 80 °C for 24 hours for sampling.

To manufacture carbon nanoparticles, an advanced combi-
nation of citric acid and ethylene diamine has been used.
In this method, both substances were added to the water
solvent in a stoichiometric ratio of one to one and placed
in an autoclave for 72 hours at 220 °C. After the reaction is
complete, a black precipitate consisting of carbon dots is
obtained, which is washed several times using ethanol, ace-
tone, and water. In the final stage, to manufacture carbons,
the black powder is placed under ultrasonic waves with a
power of 400 watts.

2.2 Fabrication of polyaniline thin films

At first, carbon nanoparticles and nickel ferrite nanoparticles
are made (section 2.1), and then they are dispersed in aniline
using ultrasonic waves and placed inside the electrochem-
ical cell. A few millilitres of sulfuric acid (Sulfuric acid,
Merck) and phosphoric acid (H3PO3, Merck) will be used
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Figure 1. (a) Aniline (right), Sulfuric acid (left), (b) three electrodes from the right side, the yellow working electrode is copper, the middle red electrode
is the reference electrode or calomel, and the black electrode is the Platinum electrode or counter, and (c) a schematic diagram of the layer deposition

device.

to adjust the pH. A copper substrate is placed at the cathode
electrode, where reduction occurs. The calomel electrode
will be used as the reference electrode and the platinum
electrode as the counter electrode. Aniline substrate will be
placed in the form of polymer along with carbon nanoparti-
cles and magnetic ferrite on the copper substrate, and after
these steps, the materials include a copper substrate, aniline
solution and nanoparticles beside three electrodes. Then the
liquid and added nanoparticles are placed on the substrate.
The wave absorption test has shown that this compound
absorbs electromagnetic waves. The experimental setups
for layer deposition are shown in figure 1.

Figure 1 (a) Aniline (right), Sulfuric acid (left), (b) three
electrodes from the right side, the yellow working electrode
is copper, the middle red electrode is the reference electrode
or calomel, and the black electrode is the Platinum elec-
trode or counter, and (c) a schematic diagram of the layer
deposition device.

3. Results and discussions

This research aimed to make thin layers of conductive
polyaniline along with magnetic nickel ferrite materials
and carbon nanoparticles, which were prepared and synthe-
sized by ultrasonic method. This layer is composed of three
layers, the first layer (which is the ground) is polyaniline,
the second layer is a magnetic material, which is nickel fer-
rite nanoparticles, and the third layer is an additive carbon

nanoparticles.

3.1 X-ray diffraction analysis (XRD)

The X-ray diffraction pattern of nickel-ferrite nanoparticles
and PANI are shown in figures 2 and 3. In figure 2, the
pattern is totally consistent with the indices of pure standard
materials. Nickel-ferrite nanoparticles showed crystallinity
in tature with Miller indices of (220), (311), (400), (422),
(511), (440) and (533) according to (JCPDS Card No. 74-
2081). Figure 3 shows the X-ray diffraction diagram of
polyaniline on copper substrate. The XRD spectra did not

T
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Figure 2. The X-ray diffraction pattern of nickel-ferrite nanoparticles.
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Figure 3. The X-ray diffraction pattern of polyaniline on copper substrate.

show any other peaks associated to PANI that shows amor-
phous nature for PANI except a broud peak at 20 = 25.2°.
Three strong peaks at 20 = 43°, 54 and 70° associated to
copper the Miller index (111), (200), (220) respectively.
Khairy et al. [31] reported amorphous nature for pure PANI
with two broud diffraction peaks at 260 = 20.3° and 25.1°
according to (JCPDS Card No. 03-1015). From Kolhar et
al. [37] and Pramanna et al. [32] study, crystalline nature
for nickel-ferrites nanoparticles and amorphous nature for
polyaniline is confirmed.

3.2 SEM characterization

Figure 4 respectively show the scanning electron micro-
scope images of pure polyaniline, pure carbon and nickel-
ferrite nanoparticles. These images were prepared with
working distances of 1 magnetic nickel-ferrite nanoparticle
1.73 and 2.77, 4.61 and 39.5 um, and scales of 500 nm and
1 pym.

3.3 Magnetometry of the vibrating sample

The magnetometric diagrams of the vibrating sample of
nickel-ferrite magnetic nanoparticles and polyaniline-nickel
ferrite-carbon ternary composite are shown in figures 5 and
6.

Magnetic properties of deposited samples strongly affected
by grain size and the final compound. The magnetic prop-
erties change with magnetic moment, magnetization, and
coercivity, is by reason of chemical stability effect. Mag-
netic properties of samples have been presented in figure.
By hysteresis curves. Using hysteresis plot the amount of
saturation magnetism for nickel-ferrite is around 30 emu/g,
and for polyaniline-nickel-ferrite-carbon nanocomposite is
around 0.5 emu/g. It can be seen that the saturation mag-
netization increase occures when it enters into both sides
[38, 39]. The value of residual magnetism is zero for both
photos. In VSM diagrams, the horizontal graph displays the
hardness (or coercivity), and the vertical graph displays its
magnetization.

Commonly, the magnetic performance and the magnetic
values (Mj) of the nanocomposites can be also described by
the equation M; = ®my, wherever @ is the volume fraction
of the magnetic particles and m; is defined as the saturation
moment of a single particle [40, 41].
Polyaniline-nickel-ferrite-carbon nanocomposite have fewer
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magnetization than pure nickel-ferrite nanoparticles, that
revenues the total magnetic performance of the nanocom-
posite can be modified depending on these two parameters
[42].

According to Molakeri et al. [43] study, polyaniline indi-

WD:3.63mm
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View field: 4.61 ym Det: InBeam 1pm

Figure 4. Scanning electron microscope images of (a) pure polyaniline,
(b) pure carbon, and (c) nickel-ferrite nanoparticles.
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Figure 5. Vibrating sample magnetometry of pure ferrite-nickel nanoparti-
cles.
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Figure 6. Magnetometry of vibrating three-layers polyaniline-nickel-
ferrite-carbon composite sample.

cated diamagnetic behavior and nickel-ferrit particle and
polyaniline-nickel-ferrit composites indicated ferromag-
netic behavior. Patil et al. [44] showed that saturation
magnetisation value for PANI-nickel-ferrit is 3.7 emu/g,
that is lower than nickel-ferrit then, polyaniline-nickel-ferrit
showed weak ferromagnetic behavior.
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Figure 7. Infrared absorption spectroscopy of polyaniline.
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3.4 Infrared (IR) absorption spectroscopy

The infrared absorption spectroscopy of polyaniline is
shown in figure 7. For this substance, the peaks in the
3500 regions correspond to oxygen-hydrogen bonding, in
the 3000 — 3200 region to carbon-hydrogen, the peak in
the 1800 region to double carbon-oxygen, in the 1400 and
1000 region to carbon-oxygen, and in the 1300 region to
carbon-oxygen. Double carbon shows carbon-carbon in the
1000 regions and iron-oxygen in the 500 regions.

3.5 Atomic force microscope (AFM) analysis

Atomic force microscope analysis of polyaniline-nickel
ferrite-carbon ternary nanocomposite and nickel ferrite mag-
netic nanoparticles is shown in figure 8.

This analysis captures the elevations of the sample’s surface
(surface topography). The polyaniline-nickel ferrite-carbon
nanocomposite is homogeneous and have smoother surface
than nickel-ferrite.

AFM analysis is used to measure surface roughness, es-
pecially nanometer roughness. In the figures above, the
protrusion is clearly visible, indicating the nanotubes’ rod-
like nature. The very issue of the rod and the roughness
of the surface cause the waves to be trapped and detected,
which causes them to return to the radar. Finally, we will
conclude that nanotubes and polyaniline performed best.

Figure 8. Infrared absorption spectroscopy of polyaniline.
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4. Summary and concluding remarks

In the present work, the production of composite layers by
different synthesis methods has been studied. Adding fine-
grained magnetic materials such as nickel-ferrite nanopar-
ticles to the polyaniline can improve the properties of the
composite. The polyaniline-nickel-ferrite-carbon combina-
tion can be considered a new material with suitable proper-
ties for durable, magnetic and electrical applications at the
industrial level. The crystallinity nature for Nickel-ferrite
nanoparticles has been revaled by XRD pattern. The AFM
analysis showed rod structure for carbon nanotubes with
high surface roughness, which causes the waves to be cap-
tured by radars.

According to obtained results, the saturation magnetization
value for the polyaniline-nickel ferrite-carbon nanocom-
posite is bigger around 6 times rather than nickel ferrite
one. Various applications of this compound can include in
making electronic components, magnetic sensors, electric
vehicles, medical devices, etc.
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