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Abstract

A novel trinary CosZnFe20s nanoparticle was synthesized using a photo-irradiation method with different solvents (water,
chloroform, methanol, and ethanol). The CosZnFe20s nanoparticles were investigated by scanning and transmission electron microscopy
measurements (SEM), Atomic force microscopy (AFM), and their crystal structure was obtained by the X-ray diffraction technique
(XRD). The investigated results show that the Average size of CosZnFe20s nanoparticles ranges from 35 to 103 nm by different solvents.
The X-ray diffraction proved the cubic shape of the prepared nano-samples with an average crystal size ranging from 8 to 22 nm. The
CosZnFe20s nanoparticles were applied as a coating for corrosion protection of carbon steel in seawater. Finally, The corrosion
production was equal to 74% at 298 K. It can be concluded that the prepared nanoparticles are highly effective in the protection
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1. Introduction

In various technical applications, particulates are
utilized to make biosensors, antiviral, microelectronic
circuits, antibacterial, anticancer, fuel cells,
piezoelectric devices, and catalysts and corrosion
inhibitors. One of the goals of the growing science of
nanotechnology is to create nanostructures and
nanoscales with unique properties in terms of bulk or
specific particles [1, 2]. Because of the small size and
high surface area, nanocomposites have individual
chemicals and physical properties. The oxide
nanocomposite properties arise due to the structural
peculiarities of these compounds, precisely the point
defects that give rise to semiconducting nature[3, 4].
The concept behind nanocomposite is to produce and
design a new material with unprecedented flexibility
and devolvement in physical and chemical properties
using building blocks with diameters in the nanometer
(less than 100 nm) range. A nanocomposite is a solid
material with more than one phase. Each has one, two,
or three dimensions of less than 100 nanometers (nm)
or structures with nanoscale repetitive intervals
between the components that make up the produc|[5].
Cobalt oxide and zinc oxide iron oxides are well-
known magnetic materials used in electrical
equipment and microwave devices[6, 7]. Because of
the high electrical resistivity and magnetic softness,
nanocomposites' core loss is minimal when used with

high-frequency inductors or transformers [8]. Cobalt
oxide is electromagnetic. With a large saturation
magnetization and a high Snoek's limit, zinc oxide iron
oxides with good mechanical hardness and chemical
stability have highly complicated permeability values
over a wide frequency range. Because of the
preceding, cobalt-zinc iron is an excellent thin
absorber  for  high-frequency  applications[9].
Electrophoretic depositions (EPD) are a quick
technique for depositing nanocomposite on an
electrode utilizing a stable solution in a DC field.
Electrophoretic  deposition (EPD) is coating
nanocomposite on carbon steel surfaces. EPD is a
straightforward method for forming a coating
nanocomposite on an electrode using a stable solution
in a direct current (DC) field[10, 11]. This study aims
to examine the efficiency of nanocomposite to protect
Carbon steel (C.S) from corrosion using absolute
ethanol as a suspension medium[12- 14]. In this
project, photolysis presses were adopted to synthesize
novel trinary CosZnFe;Og hanocomposite for
corrosion protection of carbon steel in seawater.

Experimental

All of the chemicals were bought from the same
place (BDH, Merck, and Sigma-Aldrich); figure 1
shows the irradiation cell utilized to irradiate cobalt,
zinc, and iron salt as nanoparticles sources. 125-watt
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mercury medium pressure lamps with high maximum
light intensity at 365 nm are employed in the
submerged UV source. In the complicated solution of
nanoparticles, the cell has a quartz tube like a jacket
for an immersion UV source. As the reactor, a Pyrex
tube was employed. The reactor was cooled using an
ice bath to avoid the temperature rise due to the UV
irradiation.

Synthesis of trinary CosZnFe,Og nanoparticles by
different solvents 150 ml, 0.01 mole NasCo (NO2)s
was mixed with 150 ml, 0.01 mole Zn (CH;CQOO); and
with 150 ml, 0.01 mole FeC204.H20 as a mole ratio
(1:1:1). Then, 150 ml, 0.03 mole of urea was slowly
added (drop by the second) to the mixture and stirred
for 10 min. After that, a photocell is used to irradiate
the solution for 30 minutes while freezing it to 5
degrees Celsius. The trinary superposition is
precipitated as a brown powder, separated, and washed
multiple times (all steps done with centrifuge then
decantation)[9]. The residue was dried for one hour at
100°C before calcining for three hours at 300°C.
CosZnFe;0g nanoparticles with a black-brown powder
have been produced. The same procedure steps were
performed in different solvents (water, chloroform,
methanol, and ethanol) to dissolve and wash[15].
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Fig. 1. shows photo-irradiation cell

Corrosion protection study: Emulsion solution was
prepared by adding 1% CosZnFe,Og nanoparticles
powder (prepared as a water solvent ) to ethanol as
solvent (adding 1.5 g nanoparticles to 150 ml ethanol).
The emulsion solutions were applied to study the
protection of carbon steel (C45) pieces by coating
them with nanoparticles using the EPD technique
method. [16]. Electrophoresis Deposition of
Co3ZnFe;Og nanoparticles as Emulsion Solution
(Coating Samples).

A deposition cell device was utilized to cover
CosZnFe;0Og nanoparticles on stainless steel surfaces.
The working electrode (Stainless steel) and a flat
titanium sheet as a counter electrode were immersed
in an electrolyte. Electrophoretic deposition of
nanoparticles on the stainless steel was carried out at
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room temperature using a stirrer powered by a direct
current (15 V). After deposition, the samples were
washed in distilled water with a blow dryer[17].

Result:

x- ray diffraction:

XRD was used to study the crystal structure of
prepared CosZnFe,Og Nanoparticles as calcination at
300 C° with different solvents ( A. water, B.
chloroform, C. methanol, and D. ethanol ). Figure 2
shows the XRD pattern of the samples has a
substantial number of broadening lines. The Debye-
Scherrer formula was used to calculate the crystalline
size [8]. The mean crystal sizes of nanoparticles are
presented in table (1) [18]. When used a different
solvent with a decrease in polarity; water(1),
methanol(0.76), ethanol (0.65), and chloroform (0.23),

due to the increase in polarity cause a decrease in
surface tension; the crystalline size of nanoparticle
preparation increased with decrease with a polarity
which prepares nanocomposite with large size. So the
favorite solvent is water. The crystallite size of
ZnCosFe,Og nanocomposite was 8.6 nm using water
as solvent,12.2 as methanol solvent ,9.5 as ethanol
solvent and 14.2 using choloroform as solvent.

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
2 theta

Figure (2): XRD patterns of CosZnFe20s
Nanoparticles as solvents A. water, B. chloroform,
C. methanol, and D. Ethanol.

The prominent peaks were observed at 20 values of
30°, 35.5°, 37°, 44°, 54° 56°, 64°,72°74°75°79°,
and 82° were assigned (220), (311), (222), (400),
(422), (511), (440), (620), (533), (622), (444) and
(551) planes.

Atomic force microscope (AFM):

The particles size of nanocomposite and
morphology were determined by an atomic force
microscope (AFM). AFM images of the samples with
different solvents were used to determine the particles'
mean particle size and distribution. Figure 3 displays
AFM images of the samples[19]. The average particle
sizes were calculated using the AFM images presented
in Table 1. (2).
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Table (1) the crystal size and crystal system of CosZnFe;Os Nanoparticles.

sample phase Crystal system 20 (deg) crystal size (nm)
A Co3ZnFe,0s cubic 35.4 8.6

B Co3ZnFe;0g cubic 35.3 14.2

C Co3ZnFe,0s cubic 36.3 9.5

D CosZnFe;0s cubic 354 12.2

Figure (3) AFM images of CosZnFe2Os Nanoparticles as solvents A. water, B. chloroform, C. methanol,

and D. Ethanol.

Table (2) average particle size from AFM images Table (3) Average particle size from SEM

A particle

B Particle 103
C Particle 96.4
D Particle 77.3

A Nanocomposite 69.5
B Nanocomposite 54.5
C Nanocomposite 54

D Nanocomposite 54.9

Figure (4) SEM images of CosZnFe20s Nanoparticles as solvents A. water, B. chloroform, C. methanol, and
D. Ethanol.

Scanning electron microscope (SEM):

The form and size distribution of nanocomposite is
depicted in SEM images in figure (4). Nanocomposite
surfaces are smooth, and crystallinity is good. SEM
pictures were used to establish the average particle size
and distribution at random[20]. Table 3 shows the
mean particle sizes based on SEM images.

Application  of
protection):
Corrosion Test Cell

nanocomposite  (corrosion

Corrosion cell made of Pyrex with (1L) capacity
Consists of two vessels, internal and external. The
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thermostat was used to make the temperature of
seawater that flows through the outer vessel at (25, 35,
45 & 55) °C. Three electrodes and a thermostat were
replaced in the internal vessel. The three electrodes
can be explained as the reference electrode, the
Auxiliary, and the Working Electrode

Emulsion solution was prepared by adding 1% zinc
oxide cobalt and oxide iron oxide nanocomposite
powder to ethanol as solvent (adding 15 g
nanocomposite to 150 ml ethanol). The emulsion
solutions were applied to study the protection of C.S
specimens by coating with nanocomposite by using
EPD technique method
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electrophoresis  Deposition of  CosZnFe;Os
nanoparticles (Coating Samples) The date of corrosion
parameters was inserted in table (4 )[21, 22]; this data
shows the corrosion potential was shifted to more
active potential when coated the surface of Carbon
steel by CosZnFe;Os nanoparticles with water
solvent[23]. It is clear from Figure (5) that Ecor for the
uncoated was shifted to a more active direction with
increasing temperature from (293 to 313) K, while the
corrosion of potential values was slightly affected by
temperature when increased from 298 to 308 K for
carbon steel coated by nanocomposite, therefore,
return to (-718.2 pV) at 318K. Those indicate the
mechanism of the C.S surface does not change by high
temperature. The Protection Efficiency (%PE) can be
calculated by using the equation (2) [23]:

(icorr)b - (icorr)p
o 3b x100........(2)
The CosZnFe;0g nanoparticles used as a coating for
C.S reduce the corrosion from 168.71, 201.57, and
220.34t043.4,48.3, and 61.5 pA.cm at 298, 308, and
318K, respectively. This reduces corrosion current due

%PE =

to getting protection efficiencies to reach 76.038% at
308K[24].
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Fig .5. Polarization curves for C.S a) Uncoated, b)
Coated by nanoparticles

Table (4) corrosion parameters for C.S coated with CosZnFe2Os nanoparticles at different temperature

TIK -E corr /mV | lcorr/pA.cm -bc/ Ba PE% ()
Carbon steel V.dec?t /mV.dec?!

Un- | 298 469.0 168.72 243.9 107.2 - -
coated | 308 573.5 201.57 179.1 104.2 - -
318 622.0 220.34 140.3 82.2 - -

Coated | 298 718.6 43.4 | 104 13.9 74.2 0.742

308 720.4 48.3 | 98.0 23.2 76.0 | 0.760

318 718.8 61.5 | 82.7 26.3 72.0 | 0.720

5. Conclusion References

In conclusion, novel CosZnFe,Og nanoparticles were
successfully Synthesized by the photo Irradiation
process and studied the optimum condition with
different solvents; the smaller size and shape were
with a solvent with water. To characterize synthesized
Co03ZnFe208 nanoparticles, structural was studied by
XRD and the crystalline size by Debye-Scherrer
equation, scanning electron microscopy (SEM), and
atomic force microscopy (AFM). These techniques
prove that the nanocomposite size with water solvent
was less than 70 nm, with chloroform solvent was103
nm, with methanol solvent was 96 nm, and with
ethanol solvent was77 nm. The Protection Efficiency
(%PE) can be calculated as 74% at 298.
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