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ABSTRACT 

Study of nanofluids is important for different types of heat transfer management systems. Cupric oxide nanoparticles 
(CuO NPs) were prepared by the chemical route and different nanofluid samples of CuO NPs dispersed in PVA in dif- 
ferent concentrations were prepared using ultrasonication. The apparatus acoustic particle sizer (APS-100) was used to 
make high precision measurements of the ultrasonic attenuation depending upon different frequencies in the frequency 
range 48 to 99 MHz. The ultrasonic attenuation data are inverted to particle size distribution (PSD) and are used for 
particle size determination of CuO NPs. Temperature dependent ultrasonic velocity in the samples is also measured. 
The results of ultrasonic spectroscopy are compared with the microscopic measurements such as transmission electron 
microscopy (TEM) and X-ray diffraction (XRD). There is good agreement between data produced by ultrasonic spec- 
troscopy and the microscopic measurements. 
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1. Introduction 
Nanofluids have attracted greater interest in recent years 
because of their enhanced thermal conductivity in compar- 
ison to that of the base fluids. Therefore, nanofluids can 
be used as a better heat transfer fluid in the heat exchange 
systems [1,2]. Nanofluids find their wide applications in 
fields like electronic applications, transportation, industrial 
cooling application, heating buildings and reducing pollu- 
tion, nuclear system cooling, space and defense, energy 
storage, solar absorption, friction reduction, magnetic seal- 
ing, antibacterial activity, nano-drug delivery, vehicular 
brake fluids, nanofluids based microbial, fuel cell, nano- 
fluids based optical filters and sensors [3]. The nanofluids 
can be synthesized by dispersing a very small amount of 
NPs having size in the range 10 - 100 nm in the base fluid 
like water, ethylene glycol, polyvinyl alcohol, polyvinyl 
pyrrolidone etc. Using the ultrasonication the dispersion 
of the NPs in the base fluid is made uniform. 

The oxides of transition metal are an important class of 
semiconductors having applications in electronics, cataly- 
sis and solar energy transformation [4,5]. Among the ox- 
ides of transition metals, CuO NPs are of special interest 
because of their wide use in catalysis, metallurgy, high 
temperature superconductors and as efficient nanofluid in 
heat transfer applications [6-8]. CuO being a ceramic semi-  

conductive p-type material with a low band gap of 1.21 - 
1.51 eV possesses wide applications in pigment and elec- 
tronic device fabrication [9]. CuO NPs are used for glu- 
cose sensing in blood serum [10,11]. There are various 
methods like sonochemical method, sol-gel technique, one- 
step solid state reaction method, electrochemical method, 
thermal decomposition of precursors etc. for the synthe- 
sis of CuO NPs. In present work, CuO NPs have been 
synthesized using the simple chemical route followed by 
annealing at temperatures 200˚C, 300˚C and 400˚C. The 
CuO NPs obtained by annealing at 200˚C have been dis- 
persed homogeneously in PVA (4 wt%) using ultrasonic- 
cator (30 KHz, 500 Watt) to get nanofluids of required 
concentrations. The particle size of the synthesized NPs 
is determined by using XRD, TEM and ultrasonic attenua- 
tion spectroscopy (UAS) techniques. The chemical route 
is chosen in present work as this method leads to metal 
oxides having larger surface area and nonsymmetric nan- 
ocrystalline shapes with numerous edges, corners and 
defects that are advantageous in absorption and catalytic 
processes [12]. 

2. Experimental Details 

2.1. Synthesis 

In first step of synthesis 3.0 gm of copper (II) chloride 
was dissolved in 160 ml of ethanol and 1.8 gm of sodium *Corresponding author. 
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hydroxide was dissolved in 50 ml ethanol separately. The 
sodium hydroxide solution was added drop wise to copper 
(II) chloride solution with constant stirring at room tem- 
perature. As the reaction proceeds the color of the solution 
turns from green to greenish blue and finally to black. This 
black precipitate was copper hydroxide. The precipitate 
was filtered using centrifuge machine and washed with 
ethanol and DI water and it was dried at 60˚C in the electric 
furnace. In order to obtain CuO NPs the sample of dried 
copper hydroxide was annealed at temperatures 200˚C, 
300˚C, and 400˚C. Finally the annealed sample of CuO 
NPs was grinded to get it in powdered form. An aqueous 
solution of PVA having concentration of 4 wt% was pre- 
pared. CuO NPs-PVA nanofluids of various concentra- 
tions were obtained by dissolving CuO NPs in the PVA 
solution with the aid of ultrasonicator at 300 K.  

2.2. XRD, Microscopic and Ultrasonic  
Spectroscopic Measurements  

The XRD of powdered sample of CuO NPs was recorded 
using a Philips P. W. 1710 diffractometer with 0.15405 
nm CuKα radiation. The average particle size (d) has 
been calculated from the line broadening in XRD pattern 
using Scherrer formula: 

d 0.9 cos                 (1) 

where λ is wavelength of X-ray, β is full width of half 
maximum (FWHM) and θ is Bragg’s angle in radians. 
The results are presented in Figure 1. 

The TEM measurement of CuO NPs was performed 
with E. M.-C. M.-12 (Philips) transmission electron mi-
croscope operating at 200 KeV. The TEM micrograph is 
shown in Figures 2 and 3. APS-100 was used for the 
measurement of ultrasonic attenuation in the frequency 
range 48 - 99 MHz to determine particle size of CuO NPs 
and their distribution in PVA. The results are shown in 
Figures 4 and 5. 

 

 

Figure 1. XRD of CuO NPs at different temperatures. 

 
Figure 2. TEM image of CuO NPs. 

 

 
Figure 3. Histogram of frequency of particles verses their 
particle size. 

 

 
Figure 4. Plot of ultrasonic attenuation vs frequency for 
CuO NPs-PVA nanofluid. 

2.3. Ultrasonic Velocity Measurement 

Ultrasonic velocity was measured using multi-frequency 
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nanofluid interferometer at 3 MHz frequency in the pre- 
pared nanofluid samples having different concentration 
of CuO NPs in PVA solution over the temperature range 
30˚C - 75˚C. The temperature of the sample was main- 
tained constant during the measurement using a thermostat 
and water circulation. The measured value of ultrasonic 
velocity is accurate to ±0.1% with an error of measure- 
ment of ±0.5˚C in temperature. The results are shown in 
Figure 6. 

3. Results and Discussion 

Intensity and position of diffraction peaks in XRD pat- 
terns of CuO NPs shown in Figure 1, on comparison 
with the data from JCPDS file No. 80-1917, are in good 
agreement and its pattern can be recognized as mono- 
clinic crystal system having lattice parameters of the unit 
cell of CuO as a = 4.69 Ǻ, b = 3.43 Ǻ, c = 5.13 Ǻ. The 
average crystallite size of CuO NPs determined by the  

 

 

Figure 5. Particle size distribution (PSD) of CuO NPs in 
PVA. 

 

 

Figure 6. Ultrasonic velocity vs temperature of CuO-PVA 
nanofluids. 

Scherrer formula is 12 nm (±4 nm). The peaks at diffract- 
tion angles 35˚ - 40˚ in Figure 1 are different at anneal- 
ing temperatures 200˚C, 300˚C, and 400˚C because the 
particle size of the CuO NPs depends upon the annealing 
temperature of the sample. Figure 1 shows that the XRD 
line widths decrease with increase of annealing tempera- 
ture and hence showing that particle size of CuO NPs is 
increasing with increase of annealing temperature of the 
sample. 

The TEM image of prepared NPs is shown in Figure 2. 
The histogram of TEM image of CuO NPs confirms that 
the particle sizes of NPs lie in the range 7 - 17 nm (Fig- 
ure 3) which is in good agreement with XRD analysis. 

The plot of attenuation of ultrasonic wave in the nan- 
ofluid as a function of frequency is shown in Figure 4. 
This plot shows that ultrasonic attenuation increases with 
frequency of the ultrasonic wave. The ultrasonic attenua- 
tion depends upon viscous drag loss (VD), viscous dis- 
sipation (V), scattering and thermal losses in the nanofluid. 
The expression for viscous dissipation (V) and the viscous 
drag loss (VD) [13,14] is given as following respectively: 
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where d and V are the dynamic and volume viscosities 
of the nanofluid, k is the wave number, m Sδ ρ ρ , 

2 dy r ω η . Biwa calculated change in ultrasonic at- 
tenuation with respect to concentration caused by scat- 
tering at micro-scale in low frequency limit. The formu- 
lations are as [15]: 

  3

d

d 8 2 π

scaα γ
α

r
              (4) 

where scaγ  is scattering cross-section that depends on 
the frequency of wave, particle size, bulk modulus and 
density of carrier fluid and suspended particles. 

Thermal loss is caused by temperature variation pro- 
duced by propagation of sound waves in different com- 
ponents of suspension. 

The ultrasonic attenuation in nanofluid below 48 MHz 
is influenced by viscous dissipation due to viscous wave-
length (  2V m ; : viscosity of the matrix) is 
comparable to particle size (d) of the NPs. Above 48 MHz, 
viscous drag losses, scattering losses and thermal losses 
are prominent due to thermal wavelength  

λ η ρ ω

( 2T S S Sλ K ρ C ω ; KS, ρS and CS: Thermal conduc- 
tivity, density and specific heat of the dispersed particle; 
: Frequency of the wave) is of the order of particle size  
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of the NPs in the nanofluid. These losses depend on fre- 
quency and particle size of the NPs. The frequency and 
viscoelasticity is the governing parameter to the ultrasonic 
attenuation in the present nanofluid. The larger interac- 
tion of ultrasound with dispersed particles at higher fre- 
quency causes the larger scattering which causes a larger 
increase of the ultrasonic attenuation in high frequency 
region. A polynomial fit study to the ultrasonic attenua- 
tion provides that attenuation in nanofluid can be written 
as n

nα α f  . For n = 0, the coefficient of frequency is 
equivalent to attenuation in PVA matrix. While for n  0, 
the coefficient of frequency is a function of particle size. 
As the frequency increases, the effective viscosity of a 
fluid decreases monotonically towards zero. This proves 
that the viscous drag losses are the prominent cause for 
the ultrasonic attenuation in this region. The ultrasonic 
attenuation data are used for determining particle size 
distribution (PSD). The plot of PSD of CuO NPs in the 
nanofluid determined by APS-100 is shown in Figure 5. 
The PSD based on ultrasonic attenuation spectroscopy con-
firms that the particle sizes of CuO NPs lie in the range 
10 - 17 nm. 

Thus the results for PSD are confirmed by the TEM 
method. It is observed that ultrasonic velocity is highly 
dependent upon the size of the NPs in nanofluid, tem- 
perature of the nanofluid, dispersion of the NPs in nan- 
ofluid and density of the nanofluid. The results of the 
temperature dependent ultrasonic velocity at different con- 
centrations are shown in Figure 6. The perusal of plot 
reveals that the ultrasonic velocity in CuO-PVA nanofluid 
increases nonlinearly with temperature initially and be- 
comes constant at higher temperatures. It is also observed 
from the plot that the ultrasonic velocity in CuO-PVA 
nanofluid increases slightly with concentration in the meas- 
ured range (0.2 wt%, 0.3 wt% and 0.5 wt%) indicating 
that the nanofluids with small amount of NPs are less 
compressible according to Newton-Laplace’s relation for 
adiabatic compressibility: β = 1/ρC2; where ρ is density 
of nanofluid and C is ultrasonic velocity in nanofluid. 
The cause behind this increase of ultrasonic velocity with 
increase in concentration is due to weakening of interact- 
tion between nanosized particle and micro sized fluid mol- 
ecule and also due to decrease in density of nanofluid with 
increase of concentration. 

The temperature dependency of ultrasonic velocity for 
liquids is V = V0 + V1T (V0 is ultrasonic velocity at 273˚K, 
V1 is temperature gradient of velocity and T is tempera-
ture rise from 273˚K). The ultrasonic velocity in liquids 
generally decreases with temperature due to having nega-
tive temperature gradient of velocity. The anomalous be-
havior of velocity can be interpreted as the nanosized CuO 
particles have more surface to volume ratio and forma-
tion of hydrogen bonds with PVA molecules can absorb 
more PVA molecules on its surface, hence making the 

transport easy from one point to another point, which 
enhances the velocity. 

4. Conclusions 

The following important conclusions can be drawn from 
this work: 
 The ultrasonic spectroscopic method for the determi- 

nation of size of CuO NPs and their distribution in 
PVA is well established. For this method no special 
sample preparation is required. 

 Viscoelastic behavior of the CuO-PVA nanofluid is 
confirmed. 

 These nanofluid samples can be used successfully for 
any heat transfer management systems in industrial 
applications. 
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