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Abstract

The synthesis of the Beryllium oxide (BeO) nanoparticles was prepared via chemical precipitation. BeO
nanoparticles were characterized by annealing them at 840°C. Its hexagonal shape was perfect. These results were
confirmed using fourier transform infrared (FTIR) as well as Raman spectra. Raman as well as FTIR spectra
demonstrate the Be-O-Be stretching connection between the beryllium and oxygen atoms. To make BeO
nanofluids, the synthesized BeO nanoparticles were sonicated with a silicone oil base fluid. The silicone oil base
fluid was infused with BeO using sonication at concentrations of 0.0005%, 0.001%, 0.0015%, 0.002%, 0.0025%,
as well as 0.003% by volume. Ultrasonic velocity, viscosity and density were measured for the prepared silocone
oil based BeO nanofluids. Silicone oil based BeO Nanofluids have a higher velocity value because of particle-
fluid molecule interactions. The relationship between the concentration (¢) (0.0005, 0.001, 0.0015, 0.002, 0.0025,
0.003 vol. %) as well as temperature of nanofluids was also studied (313 Boltzmann’s constant (K), 323 K as well
as 333 K) using Kininogen Domain (KD2) thermal analyser. Silicone oil-based BeO nanofluid has a thermal
conductivity increase of up to 30%, comparatively to the base fluid. As the temperature rises, particle and fluid’s
acoustic properties change almost linearly, suggesting weaker intermolecular interactions.
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1. Introduction

Latest developments in nanotechnology paved the way to the creation of new substances for transferring heat,
known as nanofluids. These fluids exhibit more robust thermal characteristics than coolants. Nanoparticles'
significantly have bigger relative surface area compared to ordinary particles not only dramatically improves
temperature transfer capacity, but also increases the stability of the solution [1,2].

Numerous studies [3,4] have examined many aspects of nanofluids, such as their stability, the effect of
sonication time, as well as the addition of surfactants. Various liquid mixtures' physicochemical features have
been described by using ultrasonic velocity as well as its thermodynamical characteristics, such as molecular
attachment as well as dissociation [5]. Ultrasonic velocity aids in the identification of the kinetics of chemical
interactions in pure liquids as well as nanofluids by correlating the unique forces between atoms or molecules.
Even while ultrasonic properties for micrometer-sized particles were published [6-8], there were only a few
publications available on the acoustical features of nanofluids.

The limited thermal conductivity of common fluids fundamentally limits the ability to transfer temperature
[9]. The biggest difficulty is while using such large particles will settle in fluids very quickly [10]. Nanofluids are



a novel temperature transfer fluid that may significantly enhance the performance of more conventional fluids
[11]. Beryllium oxide (BeO) is an oxide that is both unique among nanoparticles and exceptionally good at
insulating electricity. In terms of heat transfer, it's efficient. It has a very high melting point. It's quite insulating
as well as has a high intensity level. There is a high degree of chemical as well as thermal stability. It has a low
dielectric constant. Additionally, its dielectric loss is low. It works quite well with today's technology. BeO, is
widely used in microelectronics, nuclear technology, photoelectron technology, as well as vacuum electronics.
Therefore, BeO, a ceramic oxide material with exceptionally high thermal conductivity, was chosen as the material
for the nanofluids production in this investigation. Ceramic beryllium oxide has a high melting point as well as
strong thermal conductivity, making it useful in high-temperature applications. BeO retains its structural integrity
even when subjected to very high temperatures. Therefore, instead of using the other nanoparticles that are
typically dispersed in a temperature transfer fluid, BeO nanoparticles are used. The significant increase in thermal
efficiency observed in the experimental studies demonstrates the promise of employing nanofluids. Consequently,
BeO nanofluids can be used as a temperature transfer fluid [12,13].

In addition to its uses as hydraulic oil in airplanes and a temperature bath in laboratories, silicone oil is also a
temperature transfer fluid [14]. Changes in the fluid medium's structure may occur when a high thermal
conductivity oxide material [15,16] like BeO is dispersed in a temperature transfer fluid like silicone oil; these
changes can be probed with acoustic investigations [17,18]. The effects of concentration (0.0005, 0.001, 0.0015,
0.002, 0.003, vol.%) and temperature (313 K, 323 K, and 333 K) on acoustic parameters like adiabatic
compressibility (B), free length (Ly), acoustic impedance (Z), Rao's constant (R), molar compressibility (W),
relaxation time (1), free volume (Vy), Gibbs free energy (G), and internal pressure (m;). This work used ultrasonic
measurements at different temperatures to probe structural characteristics as well as molecular interaction in
silicone oil based BeO.

2. Materials and methods

BeO with an average crystalline size of 20-25 nm was prepared using ultrasonic-assisted chemical
precipitation to make BeO/silicone oil nanofluids [19,20]. The production of nanofluids can be broken down into
two categories: one-step methods as well as two-step methods. Silicone oil based BeO nanofluids were prepared
using a two-stage method. To examine the fourier transform infrared (FTIR) spectra of BeO nanoparticles in the
wavenumber range 600-1800 cm™!, a BRUKER: RFS 27 FT (Model: Shimadzu Prestige-21) was utilized. The
BRUKER RFS 27 FT-Raman spectrophotometer is a multi-RAM, st as well as -alone type. This spectrum spans
from 4000 to 50 cm™! with a resolution of 2 cm™'. The Nd: YAG laser used for this has a wavelength of 1064 nm.
Preparing nanofluids required a two-step process: first, nanoparticles were made on their own, as well as then,
they were introduced to the working fluids. Produced independently, BeO nanoparticles were then dispersed in
silicone oil [21].

Nanofluids were not produced with stabilizing agents. Instead, ultrasonic pulses generated by the UP400S
ultrasonic Processor [22] were used to improve particle dispersion in the fluid. The UP400S ultrasonic processor
is used to sonicate samples with sonotrodes whose diameters range from 3 mm to 40 mm, as well as whose
volumes are from 5 ml to 4000 ml (400W, 20 kHz). Using flow cells flange connections, it is possible to sonicate
liquids in ideal conditions in terms of temperature and pressure. This is commonly used in the processing of
samples with higher volumes. A soundproof enclosure is recommended because to the high power as well as
severe cavitation that will produce noise. The 20 kHz AC line voltage is converted into the electrical energy used
to run the acoustic dismembrator. A longitudinal mechanical vibration will develop in a converter that uses a lead
zirconate titanate electrostrictive element that contracts in response to alternating voltage.

Although individual nanoparticles are not destroyed by sonication, the cluster of nanoparticles does break
down into smaller clusters, resulting in a lower total number of clusters. Concentrations of beryllium oxide
nanoparticles in the base fluid were varied by volume from 0.0005% to 0.003% in 0.0005 increments. Law of
mixing formula [23] was used to calculate the number of BeO nanoparticles required to create nanofluids. BeO
nanoparticles are weighed to within 0.01mg using a sensitive scale (Model: Shimadzu ELB 300). Using a specific
gravity bottle as well as a thermometer, we were able to determine the density by employing a relative
measurement technique. All the prepared nanofluids with different volume fractions having their density,
viscosity, as well as ultrasonic velocity were measured as a function of temperature at T =313 K, 323 K, as well
as 333 K. The rheological behavior of the fluids can be studied with the use of specialized rheometers as well as
the Kininogen Domain (KD2) pro thermal analyzer [24-26]. The nanofluids' viscosity was measured using a
Brookfield DV-III ultra-programmable rheometers [24-26]. To operate, the DV-III ultra-rheometers pulls a
spindle through a calibrated spring while it is immersed in the test fluid. The measurement's accuracy is based on
the spindle's rotation speed, which varies across the measurement's range (in centipoise). The range of possible
viscosities is inversely proportional to the spindle size and rotational speed. An ultrasonic pulse-echo velocity
meter (VCT 70A) was used to measure velocities at a constant frequency of 2 MHz A temperature sensor is
integrated into the sample holder to monitor the temperature of the test sample while just 9 mL of sample volume



is required. Accurate temperature regulation is essential for any rheological study to be successful. In this case, a
temperature-controlled water bath is connected to the sample holder for optimum temperature maintenance. For
both Newtonian as well as non-Newtonian fluids, it is possible to record and store data on a computer. A
Newtonian fluid's viscosity is insensitive to shear stresses.

The KD2 pro thermal analyser is a portable device with characteristics including a wide temperature range,
data storage and retrieval, and memory storage. The single-needle thermal conductivity sensor (KS-1) for liquids,
measuring 60 mm in length and 1.3 mm in diameter, measures the thermal conductivity of fluid samples. The 0.1
to 2.0 W/mK thermal conductivity of fluids can be measured with +5% accuracy using this stainless-steel sensor
needle, which features a temperature element, a thermistor. The sensor is connected to the controller module
(which includes a battery, a 16-bit microcontroller, an analog/digital (A/D) converter, as well as power
management circuitry) through a platinum wire that also acts as a thermometer to measure the line temperature.
The temperature of the liquid mixture was maintained by continuously recirculating water from a water bath with
a thermostatically controlled temperature to within 0.1 K.

3. Results and discussion

3.1 FTIR analysis of BeO nanoparticle

Numerous BeO-containing minerals have at around 742 cm™ in their infrared spectra is shown as in Figure 1.
Oxygen-bridging vibrations between beryllium and oxygen may account for the 742 ¢cm™! absorption peaks. The
infrared maximum for BeO has been determined to be at 742 cm™' [27]. This is caused by the vibration of a single
beryllium atom as it passes through a tetrahedron of stationary oxygen atoms. The frequency of this vibration is
triply degenerated for a perfect tetrahedron. The degeneracy is broken only by minor tetrahedron deformation.
Absorption at 1581 cm™! [28] are caused by the BeO stretching vibrations. Changes in vibrational frequencies can
be attributed to factors such as the size effect, dipolar interactions, interfacial effects, quantum confinement effect,
and high internal stress in nanoparticles as compared to bulk BeO. The Be-O-Be stretching link between beryllium
and oxygen has been detected by FTIR.
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Figure 1 FTIR spectra of the BeO nanoparticle.

3.2 Raman analysis of BeO nanoparticle

Figure 2 depicts the vibrational Raman spectrum of a BeO nanoparticle that has been annealed at 840 degrees
Celsius. The 684 cm™ Raman mode found is similar to the 725 cm™! Raman mode reported for bulk BeO in [29].
BeO can be identified by its diagnostic peak at 684 cm™! [25]. Given the magnitude of the frequency change, we
can infer that the particle has shrunk from macroscopic to nanometric proportions. BeO's significant Raman shift
is associated with hard phonon modes, which may lead to enhanced thermal conductivity. Because BeO
nanoparticles have a high thermal conductivity, the heat energy generated by the motion of the channel carrier
can be quickly dissipated. Two unique Raman modes are located at 630 cm™ and 998 cm™, and they are caused
by the Be-O-Be [30], Be = O stretching vibrations. RAMAN active modes at 630 cm™' and 394 cm™! have been
described by similarly few researchers [31-33]. The Be-O-Be stretching bond between beryllium and oxygen is
observed using Raman spectroscopy.
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Figure 2 Raman spectra of the BeO nanoparticle.

Nanoparticles of BeO with a high thermal conductivity were synthesized with the help of ultra-sonication and
chemical precipitation method. Annealing at 840 degrees Celsius results in a perfectly hexagonal structure, as
predicted by the calculated structural parameters for the BeO data. This was verified with the help of FTIR as well
as Raman spectroscopy. Both Raman and FTIR elucidate the Be-O-Be stretching relationship between beryllium
as well as oxygen atoms.

3.3 The theory of molecular interactions
Subtracting the unknown parameter from the measured values at different temperatures applying some

relationships [22,34,35] can help make sense of the molecular interaction studies conducted in silicone oil-based
Beryllium oxide nanofluids. The density was obtained using the formula [22,35].

P2 = (‘x—i) P1 (1

where, W; = weight of distilled water, W, = Weight of experimental liquid, p; = Density of water, and p, =
Density of Experimental liquid.
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where “U’- ultrasonic velocity, ‘KT’- Jacobson’s constant, ‘k’- Boltzmann’s constant, ‘h’- Planck’s constant,
‘b’- cubic packing (‘2 for all liquids), ‘R’- gas constant, ‘T’- absolute temperature, ‘Mes” - liquid mixture effective
mass, ‘K’ - 4.281 x 10°.



The acoustical characteristics were calculated using density as well as ultrasonic velocity measurements of the
pure as well as silicone oil-based BeO nanofluids at three different temperatures (313 K, 323 K, as well as 333
K). In the previous work, the effect of BeO concentration on acoustical characteristics in a silicone oil-based BeO
nanofluids system at 303 K was examined [19].
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Figure 3 Variation of ultrasonic velocity with different concentrations (¢) of BeO nanoparticle in Silicone oil
based BeO nanofluids at various temperatures.

Increases in the velocity value of silicone oil-based nanofluids are the result of interactions between particles
and molecules of the base fluid. This is because of the attractive force that holds things together [36]. One possible
explanation for the increase with increasing concentration is that hydrogen bonds form between the OH molecules
of silicon as well as the -O- of BeO nanoparticles, leading to contact forces. Ultrasonic velocity changes non-
linearly, suggesting a weak intermolecular force in the nanofluids system as well as a rise in thermal energy. The
surface effect, caused by the oxidized sites of BeO nanoparticles interacting with base fluid molecules, may be
responsible for the observed acceleration in the BeO nanofluids system. We find that the application of heat energy
enhances the motion of molecules in nanofluids. Molecular mobility in the fluid medium is increased by heat
agitation, competing with the BeO-base fluid molecule interaction that tends to break the molecule apart.

As can be seen in Figure 3, the increased velocity of BeO-Silicone oil nanofluids is the result of particle fluid
interactions within the nanofluids. The cohesive force of the attraction is responsible for this [37,38]. Ultrasonic
velocity in BeO nanofluids decreases as temperature rises because the intermolecular link between the constituent
molecules breaks. When a solid object collides with a liquid, the ultrasonic waves in the fluid are distorted.
Brownian motion, and mobility of molecules, causes intermolecular forces to decrease, explaining this
phenomenon. When the fluid holding the BeO nanofluids in suspension is heated as well as agitated, the molecules
spread out. Poor particle-fluid interaction is a hallmark of this process at elevated temperatures.

It has been found that Lt for Silicone oil-based nanofluids drop at 333 K then show a fluctuation with increasing
BeO nanoparticle concentration in the base fluid according to Table 1. The improved molecular connections are
evidenced by the decrease in adiabatic compressibility. The molecular bonding between the newly generated
entities makes them more compact as well as less prone to compression. Interactions between particles and base
fluids at the molecular level can alter the structure of the molecules, which in turn modifies their compressibility.
With an increase in particle concentration, the intermolecular interaction rises, forcing the molecules into closer
packing reducing L [39]. As the temperature of a liquid mixture rises, the adiabatic compressibility rises along
with it, signifying the presence of a distinct molecular interaction between the molecules. Increases in temperature
cause the nanofluid’s molecules to disperse because of thermal expansion and the intermolecular repulsive
interactions between them. The intermolecular force provides an explanation for the compressibility of the
nanofluids system, where a reduction in repulsive force results in increased compressibility. Therefore, the
molecules in the particle fluid system are compressed when the pressure is raised. Because of this, the acoustic
velocity and compressibility both rise as a result of the increased intermolecular repulsive force. An increase in
adiabatic compressibility with increasing temperature results from the increased molecular motion that occurs at
higher temperatures [40]. This motion is conducive to the stable suspension of nanoparticles in a base fluid
medium. Ultrasonic wave propagation in a nano suspension will be affected by the temperature, as both the
stiffness of the nanofluids and the possibility of particle agglomeration increase with increasing temperature. The



free length of the particles is reduced as a result of the weak force of interaction between the particles and the
molecules of the base fluid as the concentration of the particles increases.

When adiabatic compressibility drops, it means there are more intermolecular bonds. The molecular bond
makes the new entities tight and resistant to compression. In the presence of a solvent, solutes having a strong
dipole-dipole interaction may become more mobile, having a greater probability of coming into contact with
solvent molecules. It is possible that BeO molecules will cluster visibly around the +ve ions in the solutions.
Higher concentrations cause BeO to agglomerate, decreasing the contact force between the solid and the solvent.

Table 1 Variation of adiabatic B as well as Lr with ¢ of BeO nanoparticles in Silicone oil-based nanofluids at
various temperatures.

Concentration Bx 1010 Bx 1010 Bx 1010 Lex1071 Lex10M Lex10-1!
) [m?*/N] [m?*/N] [m?*/N] [m] [m] [m]
313K 323K 333K 313K 323K 333K
0 1.2751 1.3578 1.4136 7.2473 7.6100 7.8987
0.0005 1.2434 1.3174 1.3818 7.1567 7.4959 7.8095
0.0010 1.2844 1.3720 1.4376 7.2736 7.6496 7.9654
0.0015 1.2315 1.3363 1.4286 7.1222 7.5495 7.9406
0.0020 1.2821 1.3728 1.4227 7.2671 7.6518 7.9241
0.0025 1.2472 1.3238 1.3891 7.1675 7.5139 7.8299
0.0030 1.2268 1.3325 1.3871 7.1087 7.5386 7.8243
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Figure 4 Variation of (A) Z and (B) t with ¢ of BeO nanoparticle in Silicone oil based BeO nanofluids at various
temperatures.

At greater concentrations, the rise in acoustic impedance implies a substantial interaction between the particle
and the base fluid molecules, which affects the structural arrangement, as seen in Figure 4 [41]. In the nanofluid
medium at a greater concentration, molecular interaction occurs between dissimilar molecules [42], resulting in a
high impedance.

Figure 4 displays the values of Z and 7 for silicone oil based BeO nanofluids at varying concentrations as well
as temperatures. Increased intermolecular distance results from ultrasonic waves' propagation-induced impedance
[43]. It is possible to track the modes of sound wave transmission and reflection in nanoparticles and molecules
of the base fluid by measuring their particular acoustic impedance. The fluids' and particles' molecular packing
structures play a role. The absence of compound formation or strong molecular connection is shown by the non-
linear fluctuation in particular acoustic impedance. As its name implies, it is the inverse of adiabatic
compressibility. There is some behavioural similarity between the acoustic impedance values and the velocity.
The relationship between adiabatic compressibility and acoustic impedance is inverse. Increases in acoustic
impedance point to structural changes brought on by interactions between particles and molecules of the base
fluid. In a nanofluids medium with a high concentration, unlike molecules interact [39], resulting in a high
impedance. The acoustic impedance value drops as the temperature rises. The creation of a charge transfer
complex between solute molecules as well as the non-linear behaviour of acoustic impedance [44] both lend
credence to the notion of molecular interaction. The period of time that passes before the kinetic energy of an
excitation can be measured as a translational energy is known as the relaxation time. Results show that
concentration and temperature both rises, so does the relaxing time. In addition, viscous forces are crucial to this
procedure. The tendency toward lessening may be attributable to a shift in the molecular interaction's fundamental
character. The structural effect of particles in base fluid molecules is reflected in the acoustic impedance and
relaxation duration of BeO nanofluid systems.
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Figure 5 Variation of (A) R as well as (B) W with ¢ of BeO nanoparticle in Silicone oil based BeO nanofluids at
various temperatures.

Figure 5 shows the variation of W as well as R with respect to the concentration of BeO dispersed in the base
fluids of Silicone oil. From the data, it can be shown that the molar compressibility (also known as Wada's
constant) as well as the molar sound velocity (also known as Rao's constant) both change in a concentration-
dependent manner. The presence of molecular interaction in the nanofluids system is revealed by the nonlinear
shift. Values are shown to decrease as temperature rises, indicating that thermal agitation disrupts molecule
connection. Despite sharing a similar dependence on concentration as well as temperature, the molar
compressibility and molar sound velocity also have different values. Both Rao's and Wada's constants remain
constant regardless of temperature. Wada's constant and Rao's constant both decrease with increasing temperature
because the ultrasonic velocity within the nanofluid medium varies with regard to temperature.

The magnitude of the forces between molecules can be inferred from the internal pressure. Cohesive energy
density is a measurement of the overall molecular cohesion per unit volume, represents the physical contribution
to that density. One of the qualities of internal pressure is solubility. Under the influence of the medium's internal
pressure, the dispersed solutes interact with the solvent. The formation of these bonds and interactions is the result
of the Coulombic or Van der Waal’s interaction, and hydrogen bonding. Cohesive or internal pressure is the van
der Waal's equation term for the attracting force of the molecule (a/v?). The interactions between the solvent, the
solute, and the solvent cause a shift in this one variable.

BeO: silicon oil nanofluids' solubility features are easily explained by their volume concentration since the
internal pressure gradually lowers as the free volume increases. The molecular interactions between molecules of
the same type and those of different types are affected by the molecules' structural arrangements, shape, and size.
Since the molecules of a liquid are not closely packed. There is free space between the molecules for the
movement, this space is called free volume, and the average potential between the molecules is said to be zero V.
If the free volume is decreasing, this indicates that the particles or fluid molecules are interacting weakly with one
another. So, the fact that the free volume has grown suggests that the particles and fluid molecules are interacting
strongly. Figure 6 shows that as temperature rises, free volume expands [45], while Figure 6 shows that as
temperature rises, internal pressure collapses [46].
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Figure 6 Variation of (A) m; as well as (B) V¢ with a ¢ of BeO nanoparticle in Silicone oil based BeO nanofluids
at various temperatures.



Because of the surface tension of the contact, a free energy barrier will increase, allowing the system to
transition from one phase to the next. The rearrangement of molecules in the mixture will take longer since the
Gibbs free energy has reduced, as illustrated in Figure 7. Between the base fluid and the particle, an intermediate
complex is formed, resulting in the production of reaction products. This demonstrates that hydrogen bonds can
form in BeO nanofluids.

The intermolecular force of repulsion occurs between particles and Silicone oil molecules, allowing molecules
to freely move with regard to one another in the fluid flow. As the distance between the particles grows the fluid
flow becomes more mobilised, and the flow around one particle is affected by the flow around other particles.
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Figure 7 Variation of AG with ¢ of BeO nanoparticle in Silicone oil based nanofluids at various temperatures.

When it comes to rheological behaviour, nanofluids exhibit a transition from Newtonian to non-Newtonian
behaviour [47,48]. The non-Newtonian rheological behaviour of nanofluids strengthens with increasing
concentration. The features of a particle suspension will alter when thermal circulation is applied above a specific
temperature. For nanofluids, the Newtonian viscosity of the base fluid is turned into non-Newtonian [49] when
the temperature increases [50,51] because of the interaction between the BeO nanoparticles and the molecules of
the base fluid. As the binding energy between molecules drops, the cohesive force between them weakens [52].
The mobility of the molecules is also responsible for the bond breakage. As the BeO nanofluids concentration
increases to 0.0015, the viscosity of the underlying silicone oil increases as well. This is because the fluid flow
becomes more resistive as a result of nanoparticle entrapment [53]. Figure 8 shows that when the temperature
increases, the viscosity decreases.

When the BeO concentration is increased, the viscosity decreases at 333 K. It is the attraction forces between
the molecules, not the particles' amount, size, or shape that determine the viscosity. When BeO nanoparticles are
mixed with the base fluid, the contact between the particles is diminished because of the increased repulsive forces
caused by the denser solid surface. Because of less friction during fluid motion, viscosity values fall. Increasing
the sonicating time spent on the nanoparticle suspension causes the viscosity to decrease [54]. According to [55],
nanofluids viscosity is affected by the kinetic energy of the fluid molecules. High-viscosity silicone oil flows more
smoothly than low-viscosity base fluids. The viscous shear stresses are modified by the increase in concentration
of the base fluids. Particle shape will affect nanofluids viscosity for the same concentration as observed in [56].
According to [57], when the particle fraction increases, the importance of the viscosity in determining the particle
dispersion size increases.

The experimental results show that a higher concentration of nanoparticles dispersed across a material will
increase its thermal conductivity because of Brownian motion and inter-particle diffusion effects. As temperatures
increase, so does the thermal conductivity of a substance. The higher kinetic energy of the fluid's molecules could
be the reason for this. An increased rate of rotation and vibrational motion within the molecule leads to greater
collisions between particles [58].
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Figure 8 Variation of viscosity () with different concentrations (¢) of BeO nanoparticle in Silicone oil based
nanofluids at various temperatures.

A high thermal conductivity is provided by the nanofluids medium because of the dense packing of the BeO
nanoparticles, which is achieved by increasing the fraction of BeO nanoparticles. The experimental studies clearly
show that the rise in thermal conductivity is strongly influenced by the temperature. Increasing the BeO
concentration in all three systems brings the particles closer together, resulting in better thermal conductivity.
Nanoparticles dispersed in base fluids produce large surface per unit volume, enhancing thermal performance
[59].

A nano scale particle increases Brownian motion velocity aids in thermal transmission because it provides an
additional pathway for heat to dissipate through the medium. When the concentration of BeO nanoparticles is
high enough, they form a conducting path. This effect, as discovered by [60], may result in a rise in the frequency
of lattice vibration. At room temperature, the energy stored in the bonds between the base fluids is transferred to
neighbouring molecules, increasing the thermal conductivity of the base fluids [61].

Figure 9 graphically displays the linear relationship between Beryllium oxide nanoparticle concentration and
thermal conductivity. Increases in temperature are accompanied by a corresponding increase in thermal
conductivity. One possible explanation is that the kinetic energy of the fluid's molecules has increased. Increased
particle impact occurs as the rotational and vibrational rates of molecules increase [62,63].
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Figure 9 Variation of thermal conductivity with ¢ of Silicone oil based BeO nanofluids at various temperatures.
4. Conclusion
Raman and FTIR both show that the link between the beryllium and oxygen atoms is a Be-O-Be stretching

bond. The ultrasonic velocity of BeO Nanofluids decreases as the temperature rises because the intermolecular
bond between the component molecules breaks. This is because intermolecular forces are less as a result of the
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Brownian motion of molecules. This phenomenon, especially noticeable at elevated temperatures, is a sign of
insufficient interaction between particles and the surrounding fluid.

Ultrasonic wave speed changes as it travels through a fluid owing to molecular interactions were analyzed at
different concentrations and temperatures to determine the acoustical properties of Silicone oil-based BeO
nanofluids. In a nanofluid environment, molecules can join forces to create complexes. Internal pressure, Gibbs
free energy, Rao's constant and Wada's constant, the degree of molecular interaction term, all reveal that complex
formation is absent from Nanofluids, with molecule association instead resulting from hydrogen bonding, dipole-
dipole, hyper conjugation, and charge transfer.

Temperature increases are accompanied by a decrease in density and viscosity in silicone oil based BeO
nanofluid. An increase in BeO nanoparticle concentration correlates with a rise in thermal conductivity. Increases
in temperature are accompanied by a corresponding increase in thermal conductivity. The increased high thermal
efficiency seen in the trials demonstrates the potential future utility of employing BeO: silicon oil nanofluids.
Silicone oil-based BeO nanofluids have a thermal conductivity increase of up to 30%, comparatively to the base
fluid. As the temperature rises, the particle and fluid's acoustic properties change almost linearly, suggesting
weaker intermolecular interactions.
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