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Abstract: Nanofluids are colloidal suspensions obtained by dispersing nanoparticles in any base fluid. These new type of fluids have
attracted wide interest in recent years as nanofluids have significantly higher thermal conductivity than the base fluids. In this work
nanofluids containing copper nanoparticles have been developed using a novel chemical method in our laboratory. Nanofluids so-
prepared were characterized by UV-Visible spectroscopy, X-ray diffraction (XRD) and transmission electron microscopy (TEM). The
measurements of ultrasonic velocity and ultrasonic attenuation in the prepared samples were made as function of temperature and
concentration of the copper nanoparticles in the PVA. The obtained results were analyzed taking into account the ultrasonic and
thermal behavior of matrix and particles. The thermal conductivity of synthesized nanofluids was measured with Hot Disk Thermal
Constant Analyser and 20-35% enhancement was found in the thermal conductivity of Cu-PVA nanofluids having different
concentrations of copper nanoparticlesin PVA solution. Present ultrasonic investigation accounts for the enhancement in the thermal

conductivity of the colloidal solutions.
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1. Introduction

Nanofluids are  colloidal suspensions obtained by
dispersing nanoparticles in any base fluid have attracted
wide interest in recent years after Choi and his coworkers
observed that they have much higher thermal conductivity
than predictable from the effective medium theories [1-7].
Nanofluids, produced by dispersing nanoparticles into
conventional heat transfer fluids like weater, ethylene glycol,
poly vinyl acohol etc., are proposed as the next generation
heat transfer fluids due to the fact that their thermal
conductivities are significantly higher than those of the base
liquids [8]. Hong et al. suggested that suspensions
containing small nano-particle clusters are more efficient in
improving thermal conductivity than that of individual
dispersed nanoparticles because the clustered nanoparticles
may provide a longer path for heat transfer [9]. Nanofluids
containing a small amount of metallic or nonmetalic
nanoparticles like Cu [10], Al,O; [11], CuO [12], SIC
nanoparticles or nanotubes [13] are synthesized and studied
by several research groups. It has been found that the
thermal conductivity of a nanofluid having 0.3vol% Cu
nanoparticles dispersed in ethylene glycol increased by up to
40% over that of pure ethylene glycol [14]. Cu nanofluids
can be prepared by dispersing Cu nanoparticles into base
liquids either by step-by-step method or by one-step
methods that combine the preparation of nanoparticles with
the preparation of nanofluids, so that the processes of
drying, storage, transportation, and redispersion of Cu
nanoparticles are avoided hence agglomeration of
nanoparticles may not take place in this method. Recently,
Yadav et al. [15-18] have measured ultrasonic attenuation in
nanofluids having various concentrations and correlated it to
thermo-physical property of the nanofluid. Biwa et al.
studied the ultrasonic wave attenuation and ultrasonic
velocity in suspensions containing metallic or non-metallic
solid particles of micrometer and millimeter size, aiming to

find out the mechanism that can be correlated to particle
size, concentration and mechanical properties of the
constituents.

2. Experimental

CuCl,.2H,0 and PVA were received from M/s Merck
Chemicals & Reagents. The freshly prepared homogeneous
colorless solutions of PVA in water have been used for
nanofluids containing Cu nanoparticles. Ultraviolet-Visible
(UV-VIS) spectroscopy, X-ray diffraction (XRD) and
Transmission Electron Microscopy (TEM) are the main
characterization tools used to study the formation of metal
nanoparticles. The absorption spectrum of nanofluids was
recorded using a Lambda 35, Perkin-Elmer double beam
UV-visible absorption spectrometer, using a 1 cm quartz
cell. A thick film of the nanofluid was dried on the glass
plate for X-ray diffraction analysis. XRD measurement was
done by X’'Pert-Pro, PANalytical (with CuKa radiation
A=1.5406 A) operating a room temperature. The particle
size and its distribution were analyzed with E.M.-C.M.-12
(Philips) transmission electron microscope operating at 200
KeV. The samples for TEM measurements were prepared by
dropping the colloidal solution onto a copper grid.

3. Result and Discussion
The absorption spectra and XRD pattern of Cu-PVA

nanoparticles-liquid suspension are shown in Figs. 1 and 2
respectively.
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Figure 1: UV-Visible spectrum of 0.2wt% Cu Figure 3: TEM micrograph of 0.2 wt% Cu nanoparticl
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Figure 2: XRD pattern of 0.2 wt% Cu nanoparticles- PVA
suspension

The UV-visible spectrum shows strong absorption peaks at
580 for 0.2 wt% Cu-PV A nanofluids. The sharp absorption
peak indicated narrow size distribution of Cu metal
nanoparticles in PVA. All the nanofluid samples showed
symmetrical peaks due to the surface plasmon resonance of
metal nanoparticles. The peaks typically represent the
formation of small metal nanoparticles in the solution. The
UV-visible spectrum suggests that Cu salts have been
reduced by PVA. The XRD analysis of the nanofluids has
confirmed the formation of metallic copper nanoparticles in
the solution. XRD results reveal that the Cu meta
nanoparticles are cubic crystalline (Fsm Space group).

Fig. 3 shows the TEM image of the Cu-PV A nanofluid. The
average size is seen to be about 10 nm. The selected area
electron diffraction pattern (SAED) patterns of Cu metal
nanoparticles in PVA is shown in Fig. 4 showing the
crystalline structure of Cu metal nanoparticles. The copper
nanoparticles are well dispersed in colloidal solution as
evinced by TEM micrographs.

PV A suspension

Figure 4: SAED pattern of 0.2 wt% Cu nanoparticles- PVA
suspension

Figs. 5 and 6 show the temperature dependent ultrasonic
velocity and ultrasonic absorption for different samples of
Cu-PV A nanoparticles-liquid suspensions respectively.
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Figure 5: Temperature dependent ultrasonic velocity in Cu-
PV A nanofluids
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Figure 6: Temperature dependent ultrasonic attenuation in
Cu-PV A nanofluids

The variation of ultrasonic velocity with temperature is
amost same for al concentrations of Cu metal
nanoparticles. For Cu-PV A, there is no distinct minimum in
ultrasonic velocity with temperature. Now the ultrasonic
absorption is measured for the Cu-PVA colloids. The
measurement is done for different concentration/
temperature of the sample. Fig. 6 shows that the maximum
attenuation appears in 0.5 wt% Cu nanoparticles-suspended
in PVA.

In general, as in other materials [19], both the ultrasonic
velocity and attenuation are quite sensitive to the particle
size, morphology and dispersion of the particles. The
effective attenuation in the Au-PVA colloidal nanofluid can
be expressed as

O =0Olp + Olm+ Olpm

where a,, is the contribution from the Cu- metal, o, is the
counterpart contribution from the polymer matrix, opm
describes the change in the finad a- value owing to a
macroscopic interaction between the two componentsin Cu-
PV A nano-colloid structure and associated modified thermo-
physical properties of the nanofluid. S. Biwa and coworkers
[20] analyzed the ultrasonic absorption in millimeter sized
particles- reinforced polymers by a differential scheme and
found good agreement between the theory and experiments.
The wave attenuation in these composites is a complex
process where the viscoelastic loss and the scattering loss
coexist.

Fig. 7 shows the thermal conductivity of the nanofluid due
to dispersion Cu nanoparticles in base fluid PVA.

Temperature (°K)

Figure 7: Thermal Conductivity of Cu-PV A nanofluid at
different temperatures.

Nanofluids have anomalously high thermal conductivities at
very low nanoparticles concentrations [14, 21, 22]. To date,
the exact mechanism of thermal transport in nanofluids is
not fully known, and several possible mechanisms based on
theoretical models, experiments and previous heat transfer
theory have been suggested to describe experimental results
on thermal conductivity of nanofluids. Brownian motion of
suspended nanoparticles is attributed as one of the key
factors of the greatly enhanced thermal conductivity
performance and it was not considered in conventional
thermal transport theory. U. S. Choi et al. proposed the
theoretical model that accounts for the fundamental role of
dynamic nano particles in the nanofluids [1]. They have
derived a genera expression for the thermal conductivity of
nanofluids involving different modes of energy transport in
the nanofluids. The important mode is thermal interaction of
dynamic or dancing nanoparticles with base fluid molecules.
Even though the random motion of nanoparticles is zero
when time averaged, the vigorous and relentless interactions
between liquid molecules and nanoparticles at the molecular
and nanoscale level trandate into conductions at the
macroscopic level, because there is no bulk flow. Moreover,
the therma conductivity model not only captures the
concentration and temperature dependent conductivity, but
also predicts strongly size-dependent conductivity. As we
have seen the thermo-elastic ultrasonic attenuation
(dissipative type attenuation) is directly proportional to the
thermal conductivity of the composite and the attenuation
due to scattering for the nanoparticles is almost negligible.
Further, the observed anomalous enhancement in thermal
conductivity is also justified with another model by Das et
al. [23], which is the composite model consisting stationary
particle model approach and moving particle approach to
calculate effective thermal conductivity of nanofluids. In
stationary particle model approach, it is assumed that the
heat conduction happens by two paths as through highly
conducting nanoparticle medium and through liquid
medium. This assumption explains the thermal conductivity
enhancement due to particle concentration. According to this
assumption, the thermal conductivity enhancement will be
directly proportional to ratio of therma conductivities and
volume fraction of nanoparticles and liquid matrix and
inversely proportional to particle radius. From Das et al., it
can be written as-
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where (K¢ - Kiy)/Ky, is enhancement factor of thermal
conductivity in nanofluids. It is also evident from this model
that the thermal conductivity of inhomogeneous liquid
mixtures is inversely proportional to viscosity of the liquid
medium. Since the viscosity of the liquid medium i.e., base
fluid decreases with increase of temperature and results in
further increase in particle velocity and thus thermal
conductivity. This model is better in molecular size regime
and may not be considered better when the concentrations of
the nanoparticles are much higher so that the inter-particle
interactions become important. Thus it may reflect better
correlation with our experimental data for smaller particles.
As we have used small amounts of nanoparticles in
preparation of nanofluids, the fluidic properties of liquid are
amost unaffected for the easy flow of liquids in order to
better transfer of heat from one place to other. The low
dimensional copper nanoparticles reinforced nanofluids have
much higher thermal conductivity and stability for heat
transfer applications because of smaller dimension of
nanoparticles. Therefore, we predict that the effective
enhanced thermal conductivity of the nanofluid has such an
impressive effect as the excess attenuation on the total
ultrasonic attenuation behaviour.

4. Conclusions

e We have successfully synthesized the nanofluids
containing copper nanoparticles.

e UV-visible, XRD and TEM measurements confirms the
formation of Cu nanoparticlesin PVA.

¢ Ultrasonic absorption in nanofluids shows interesting
behavior.

o Experimental results show that the behavior of ultrasonic

attenuation is well related to the enhancement in the
thermal conductivity of PVA dueto Cu nanoparticles.
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