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ABSTRACT

In this present research, the pure NiFe>Os nanoparticle was synthesized using the sol-gel
method. The obtained nanoparticle undergoes Ultraviolet (UV) spectroscopy to enhance the
size, and band gap of NiFe>O4 nanoparticles. The pure synthesized NiFe>O4 nanoparticle also
was transformed to liquid by mixing and dispersed into Polyethylene Glycol (PEG) polymer
at 2%, 4% and 6% concentration for ultrasonic characterization. The obtained liquid was
poured into the cylinder of an ultrasonic interferometer and undergoes through ultrasonic
characterization by sending ultrasonic wave of frequency 5 MHz to measure the ultrasonic
velocity, density, and viscosity at different temperatures (303K to 333K). Also, the related
ultrasonic parameters such as adiabatic compressibility, acoustic impedance, and ultrasonic
attenuation were determined using the experimental parameters such as ultrasonic velocity,

density, and viscosity.

KEYWORDS: Nickel Ferrite Nanoparticle; Nanofluids; Experimental parameters;

Ultrasonic wave; ultrasonic parameters.

INTRODUCTION

The ultrasonic study is aims to investigate the molecular interactions within the synthesised
pure NiFe>O4 nanomaterial by utilising ultrasonic methods. Since ultrasound investigations
shed light on the elastic and acoustic properties of substances at the molecular level, they are

useful instruments for comprehending the physical and structural qualities of substances. The
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synthesized NiFe>O4 nanoparticle guarantees a regulated and precisely characterised sample,
paving the way for an in-depth analysis of their behaviour at varying temperatures. Scholars
may observe how changes in temperature affect molecular interactions, including bond
strength, lattice rattles, and the stability of structure in general. In the context of ultrasound
research, the acoustical behaviour of the nanoparticles is examined using high-energy of
frequency sound waves. With the use of this non-invasive method, factors such as elastic
constants, density, viscosity, and sound velocity would be precisely measured, providing a
thorough grasp of the material's characteristics. The temperature and structural dynamics of
NiFe>O4 nanoparticles are clarified by the ultrasound evaluations, which yield useful
information concerning how molecular interactions change at any level of temperature. These
understandings are essential for maximising the material's performance in upcoming uses

such as magnetised gadgets, detectors, as well as catalyst.

EXPERIMENTAL DETAILS

1. Synthesis of NiFe204 nanoparticles

Sol-gel method has been used for making NiFe2O4 nanoparticles, Nickel Nitrate Hex-hydrate
(Ni(NO3)2.6H20) and Iron Nitrate Nona-hydrate(Fe(NO3)3.9H20) are used as precursors and
Citric Acid used as chelating/stabilizing agent which helps in controlling the morphological
size and help in uniformity formation of nanoparticle.

Ni (NO3)2.6H20+Fe2 (NO3)3.9H20 +CsHsO7 ===  NiFe:04+ CO2+ NO2 +H2

From the above equation 7.44 grams of Nickel Nitrate Hex-hydrate (Ni(NO3)2.6H20O) can be
dissolved in 20 ml of deionized water, and stirring the solution until it becomes transparent to
create Nickel Nitrate solution, 10.34 grams of Iron Nitrate Nona-hydrate (Fe(NOs3)3.9H,0)
can also be dissolved in 30 ml of deionized water to create Iron Nitrate solution. 5.0 grams of
Citric acid is also dissolved in 20 ml of deionized water. Iron Nitrate solution was gradually
poured into Nickel Nitrate solution while on magnetic stirrer at room temperature. After
fifteen minutes the solution of citric acid has been poured into the solution drop by drop at
temperature of 50°C .Keeping stirring the solution at temperature of 50°C until the solution
transform to gel for 1 hour. The gel sample has been taken to hot oven at 100°C for 12 hours
until dried, and should grinded where the powder can be kept in furnace at 500°C until 4

hours to obtain pure NiFe>O4 nanoparticle.
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Fig. 1 Synthesis method.

2. NiFe;04Nanofluids

Since ultrasonic interferometer does not design for solid materials, therefore the nanoparticle
powder was transformed to liquid by dispersed into Deionized water to create Nanofluids at
different concentrations (2%, 4%, 6%) for ultrasonic characterization. Ultrasonic velocity,
Density and Viscosity are experimentally determined while other ultrasonic parameters such
as adiabatic compressibility, Acoustic impedance and Attenuation are calculated theoretically.

Those ultrasonic theoretical parameters are calculated using the relations;

. 1
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B proe
il. Z=pV
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pvE

p=Adiabatic compressibility,
a/f? = Attenuation
p =Density
V=ultrasonic velocity,
Z=acoustic impedance
n=viscosity
Density (p) and Viscosity (1) are also calculated using the relations below;
Density p = ﬁ
p = Density of sample
Wi = weight of empty specific gravity bottle
W2 = weight of specific gravity bottle filled with DD water at different temperature
W3 = weight of specific gravity bottle filled with sample at different temperature
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P2 Xty

Viscosity n=
p1Xty

1= Viscosity of sample

p1 = Density of water at different temperature (303 K — 333 K)

p2 = Density of sample at different temperature

t2 = time taken for sample to drop from high to bottom in Oswald viscometer at different
temperature

t1 = time taken for DD water to drop from top to bottom in Oswald viscometer at different

temperature

1] w=viscosity of water at different temperature (303 K — 333 K)

RESULTS AND DISCUSSION
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Fig. 2 band gap of NiFe204 nanoparticles.

Table 1. Ultrasonic parameters of sample 1. (2% concentration)

Temp. Ultrasonic Density Viscosity | Adiabatic Acoustic Attenuation
(Kelvin) | velocity (p) kg/m* | () Compressibility | impedance (S*M1)
(m/s) (Pa.s) (M?N1) (pa.s/m?) (x101%)
(x10%) (x107) (x10%)
303 388 1011 0.793 6.570 3.92268 1.601
308 393 1005 0.863 6.442 3.94965 1.117
313 403 999 0.849 6.163 4.02597 1.025
318 414 998 0.399 5.846 4.13172 0.444
323 420 997 0.483 5.686 4.18740 0.516
328 452 993 0.548 4.929 4.48836 0.472
333 541 989 0.309 3.455 5.35049 0.156
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Table 2. Ultrasonic parameters of sample 2. (4% concentration)

Temp. Ultrasonic | Density | Viscosity | Adiabatic Acoustic Attenuation
(Kelvin) | velocity (p) m Compressibility | impedance | (S?M™)
(m/s) kg/m3 | (Pa.s) (M2N) (pa.s/m%) (x1012)
(x10°) (x10”) (x10%)
303 379 1007 0.868 6.913 3.99779 1.250
308 385 1003 0.856 6.726 3.86155 1.181
313 388 1001 0.853 6.636 3.88388 1.152
318 398 1000 0.672 6.313 3.98000 0.842
323 407 997 0.406 6.055 4.05779 0.477
328 445 989 0.400 5.106 4.40105 0.362
333 466 987 0.363 4.666 4.59942 0.287
Table 3. Ultrasonic parameters of sample 3. (6% concentration)
Temp. Ultrasonic | Density | Viscosity | Adiabatic Acoustic Attenuation
(Kelvin) | velocity (p) Q) Compressibility | impedance | (S*M™)
(m/s) kg/m® | (Pa.s) (M2N) (pa.s/m3) (x10°12)
(x10°) | (x10”) (x10%)
303 372 1021 1.319 7.078 3.79812 1.982
308 377 1019 0.856 6.905 3.84163 1.238
313 382 1018 0.811 6.732 3.88876 1.129
318 388 1017 0.538 6.532 3.94596 0.715
323 392 1016 0.498 6.405 3.98272 0.643
328 395 1012 0.452 6.333 3.99740 0.572
333 400 1011 0.405 6.182 4.04400 0.494
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CONCLUSION

This ultrasonic research is a probe for studying the molecular interaction in NiFe;O4
nanoparticles using ultrasonic waves. The ultrasonic parameters like adiabatic
compressibility, acoustic impedance and attenuation are evaluated using the practical
parameters such as ultrasonic velocity, density and viscosity. This is observed that the
ultrasonic velocity is increasing as increase in temperature and is high at low concentration
this means that ultrasonic wave sent through the material is faster in low concentration.
Density and viscosity are decrease as temperature increases and they are being highest at high

concentration, the adiabatic compressibility attenuation are also high with high concentration,

WWW.ijarp.com



http://www.ijarp.com/

International Journal Advanced Research Publication

which means that the material’s molecules are more compressed at adiabatic condition and

gradually loss their intensity of a signal of wave propagation at high concentration and

otherwise at high temperature. On the other hand, the band gap of nanoparticles was

determined as 2.1eV that is indicates that the band gap is direct band gap and the material is a

semiconductor.
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