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In this study cupric oxide (CuQO) nanoparticles have been synthesised by precipitation method using cupric acetate dihydrate
[Cu(CH3CO0)2.2H20] as a starting material. The synthesised nanoparticles have been characterised by X-ray diffraction (XRD),
transmission electron microscopy (TEM), scanning electron microscopy (SEM) and energy dispersive X-ray spectroscopy (EDX).
These nanoparticles have been dispersed in three different base fluids which are 10% aqueous solutions of ethylene glycol (EG),
propylene glycol (PG) and hexylene glycol (HG). Ultrasonic velocity (U), density (p) and viscosity (1) of these nanofluids have been
measured at different concentrations of CuO nanoparticles as a function of temperatures (7 = 303.15 K, 308.15 K and 313.15 K).
Using these values various acoustical parameters such as adiabatic compressibility, intermolecular free length, relaxation time,
acoustic impedance and attenuation coefficient have been evaluated.
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1 Introduction

Nanofluid is a new dimensional thermo fluid term
emerged after the pioneering work by Choi'. Nanofluid
is a solid-liquid mixture which consists of nanoparticles
and a base liquid. Nanofluids have superior properties
like high thermal conductivity, minimal clogging in
flow passages, long-term stability, and homogeneity
because of small size and large surface area of
nanoparticles’. The nanofluids can be prepared by
dispersing a very small amount of nanoparticles in the
base fluid like water, ethylene glycol, propylene
glycol, polyvinyl alcohol, polyvinyl pyrrolidone, etc.
Using the ultrasonication the dispersion of the
nanoparticles in the base fluid is made uniform.
The oxide of transition metals is an important class of
semiconductors having applications in electronics,
catalysis and solar energy transformation®*. Among
the oxides of transition metals, CuO nanoparticles
are of special interest because of their wide
use in catalysis, metallurgy, high temperature
superconductors and as efficient nanofluid in heat
transfer applications®’. 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 electronic device fabrication®. CuO nanoparticles
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are used for glucose sensing in blood serum®'°. There
has been a lot of research done about nanofluids
recently but most of them are related with the heat
transfer properties having different contents including
heat transfer enhancement'' ", thermal conductivity
measurement'* ', thermal conductivity of suspensions'” ",
thermal properties enhancement®, thermal transport?',
thermal conductivity improvement®” and estimation of
thermal conductivity®, etc. Recently some new issues
have been introduced in literatures like thermal
diffusion coefficient of nanofluid*, slip mechanisms in
nanofluids®, electrical conductivity of nanofluids®,
nanofluids for cooling of electronic devices®’. Close
examination of the literature indicates that only
some authors studied the ultrasonic properties of
nanofluids®®?. Despite recent advances, much more
works involving theoretical, experimental and
numerical research are necessary to solve the mysteries
of nanofluids.

This paper is devoted to the systematic experimental
study on the response of nanofluids to the ultrasonic
wave propagation for the basic understanding of how
the nanoparticles behave in fluids and how they
interact with each other and with fluid. The main
concern is to prepare homogeneous nanofluids and
attaining a deeper understanding of particle-fluid
and particle-particle interactions as a function of
concentration and temperature.
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2 Experimental Details

2.1 Materials

The starting materials for the preparation of
CuO nanoparticles were [Cu(CH3;COO),.2H,0],
CH;COOH, NaOH, CH;COCHs and C,HsOH.
Ethylene glycol, propylene glycol and hexylene glycol
were used as base fluids for the preparation of
nanofluids. All the chemicals were procured from
Sigma Aldrich and wused without any further
purification. Triply distilled water was used for the
preparation of nanofluids.

2.2 Preparation of nanofluids

CuO nanoparticles were synthesized in an
alkaline medium by using [Cu(CH3C00),.2H,0] as a
precipitating agent®®. The copper salt solution used was
freshly prepared 0.2M [Cu (CH3;COO),. 2H,O].
The salt solution was mixed with 1 mL glacial acetic
acid and the resulting solution was heated on a
magnetic stirrer up to a temperature of 60 °C. Glacial
acetic acid was used to prevent the hydrolysis of the
copper acetate solution. On the above solution
NaOH pellets were added until a pH of 10.5 where
black precipitates of CuO were formed instantly. At the
same pH and temperature the solution was kept
at a digestion time of 30 min. After cooling to room
temperature, particles were separated from the
dispersion. The particles were washed many times
with water, ethanol and acetone. They were separated
from dispersion by centrifugation and dried at
room temperature in an inert atmosphere. To
obtain nanofluids of different concentrations
the nanoparticles of CuO thus obtained were
dispersed in three different base fluids which were
10% aqueous solutions of EG, PG and HG in various
concentrations. Ultrasonic wave of frequency 4 MHz
was passed through the fluid for 3 h with the help
of ultrasonicator to achieve uniform dispersion of
the particles.

3 Characterizations

Bruker AXS D8 Advance X-ray diffractometer was
used to obtain X-ray diffraction patterns of the samples
in the present study. JEOL JEM-2100 LaB6 was used
for TEM studies. To examine the morphology of
the synthesized nanoparticles, SEM analysis was
carried out on the JEOL JSM-6390LV SEM fitted
with secondary electron detector, and equipped with
an attachment for the energy dispersive X-ray
spectroscopy (EDX) to enable elemental composition
analysis.

3.1 Measurement of ultrasonic velocity, viscosity and density

An ultrasonic interferometer provided by Mittal
enterprises, New Delhi was used to measure ultrasonic
velocity of nanofluids. Ultrasonic velocity was
measured at a frequency of 5 MHz. Viscosity was
measured by using Ostwald’s viscometer. The density
of various nanofluids was measured with Anton
Paar DSA 5000 M, Austria. All these measurements
were performed for the nanofluids of different
concentrations at three different temperatures
303.15 K, 308.15 K and 313.15 K.

3.2 Evaluation of acoustical parameters

The acoustical parameters: adiabatic compressibility
(Bad), intermolecular free length (Lf), relaxation time
(1), acoustic impedance (Z) and attenuation coefficient
(a/f") were evaluated for various nanofluids at three
different temperatures using measured values of
ultrasonic velocity, density and viscosity by using the
following standard relations®'*;

Bat = 1/UPp (D
L= Kt Bad”? . (2)
T=(4/3) Baa? .. (3
Z=Uxp (4
o/f = 4*12U .. (5

where Kt 1s Jacobson’s constant.

4 Results and Discussion

The synthesised nanoparticles were characterized by
XRD, TEM, SEM and EDX. The XRD pattern of
synthesised nanoparticles is depicted in Fig. 1.

The average crystallite size was determined by using
Debye-Scherrer equation:

D = KM cos 0 ... (6)
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Fig. 1 — XRD pattern of CuO nanoparticles.
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where K is shape factor (0.89), A is the wavelength of
the X-ray (1.54 A) and B is the peak broadening
at half the maximum intensity (FWHM) in radians and
0 is the Bragg's angle.

All diffraction peaks can be indexed as the
monoclinic crystal structure of CuO (space group C2/c)
by comparison with data from JCPDS File No. 48-1548
with lattice constants a = 4.6837 A, b = 3.4226 A,
c=5.1288 A and a = 90°, B = 99.54°, y = 90° and
no characteristic peaks of any other impurity
were observed. The sharp peaks indicate that the
product was well crystallized. The crystallite size
corresponding to most intense peak was found to be
14.692 nm corresponding to 20 value of 38.7832 and
hikl (111).

TEM micrograph of the synthesised nanoparticles is
depicted in Fig. 2. Average diameter of the
nanoparticles was 15-20 nm evaluated by Imagel
software.

SEM was used to obtain the morphology of
synthesized nanoparticles. SEM image clearly shows
the flower like structures of nanoparticles. The
stoichiometry of sample was examined by EDX
spectrum. Only Cu and O signals have been
detected, suggesting that the nanoparticles were
only made up of Cu and O. SEM and EDX of the
synthesised nanoparticles are depicted in Figs 3 and 4,
respectively.

It is apprehended from Table 1 that ultrasonic
velocity increases with increase in concentration of
nanofluids up to 0.04 wt% and after that it starts
decreasing. Thus there are structural changes occurring
in the liquid system. The increase in velocity may be
due to surface effects that arises out of hydrogen

0

Fig. 2 — TEM micrograph of CuO nanoparticles.

bonding of CuO nanoparticles with water molecules as
well as with glycol molecules (CuO--water and CuO--
glycol) but after 0.04 wt% ultrasonic velocity
decreases which may be due to increasing inter particle
interactions (CuO--CuO) which decreases CuO--water
and CuO--glycol interactions. The density and
viscosity followed the general liquid behaviour and
showed an increase with increase in concentration.
The increase in density and viscosity with increase
in concentration of CuO nanoparticles may be due
to some structure making tendency of the CuO
nanoparticles as a result of this there is contraction in
volume and hence density and viscosity showed an
increasing trend.

With rise in temperature ultrasonic velocity
showed an increasing trend while viscosity and
density showed a decreasing trend as shown in
Tables 1and2. Adiabatic compressibility has been

Fig. 3 — SEM micrograph of CuO nanoparticles.
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Fig. 4 — EDX spectrum of CuO nanoparticles.



KUMAR et al.: ACOUSTICAL PARAMETERS OF CUPRIC OXIDE NANOPARTICLES 577
Table 1 — Ultrasonic velocity and density of CuO nanofluids at three different temperatures
Concentration U x1073 px103
(Wt%) (msT) (kg m%)
EG+H20 PG+H20 HG+H20 EG+H20 PG+H20 HG+H>0
303.15K
0.00 1.54909 1.56450 1.56636 1.00911 1.00258 0.99504
0.02 1.55145 1.56597 1.56727 1.00956 1.00284 0.99522
0.04 1.55373 1.56733 1.56809 1.00991 1.00309 0.99539
0.06 1.55138 1.56606 1.56722 1.01015 1.00324 0.99551
0.08 1.54918 1.56483 1.56645 1.01043 1.00344 0.99565
0.10 1.54752 1.56391 1.56581 1.01076 1.00369 0.99582
308.15K
0.00 1.55528 1.56820 1.57364 1.00726 1.00076 0.99320
0.02 1.55736 1.56955 1.57452 1.00770 1.00099 0.99335
0.04 1.55989 1.57093 1.57543 1.00804 1.00120 0.99349
0.06 1.55796 1.56974 1.57465 1.00831 1.00137 0.99364
0.08 1.55582 1.56855 1.57389 1.00859 1.00158 0.99379
0.10 1.55437 1.56762 1.57323 1.00891 1.00183 0.99396
313.15K
0 1.56382 1.57180 1.58091 1.00523 0.99895 0.99116
0.02 1.56382 1.57307 1.58171 1.00568 0.99895 0.99131
0.04 1.56592 1.57425 1.58250 1.00601 0.99915 0.99146
0.06 1.56366 1.57299 1.58176 1.00628 0.99934 0.99161
0.08 1.56178 1.57175 1.58091 1.00656 0.99954 0.99176
0.10 1.56033 1.57093 1.58036 1.00686 0.99979 0.99193
Table 2 — Viscosity and adiabatic compressibility of CuO nanofluids at three different temperatures
Concentration nx103 Baax 1010
(Wt%) (kg m'sT (mkg's)
EG+H20 PG+H20 HG+H20 EG+H20 PG+H20 HG+H>20
303.15K
0.00 1.14316 1.14277 1.09244 4.12960 4.07502 4.09615
0.02 1.17486 1.17167 1.11909 4.11521 4.06632 4.09066
0.04 1.20575 1.19986 1.14542 4.10172 4.05825 4.08568
0.06 1.23585 1.22728 1.17214 4.11318 4.06423 4.08973
0.08 1.26319 1.25125 1.19325 4.12373 4.06981 4.09317
0.10 1.27805 1.26371 1.20354 4.13123 4.07359 4.09317
308.15K
0.00 1.05367 1.01968 0.97825 4.10432 4.06319 4.06586
0.02 1.08417 1.04734 1.00404 4.09158 4.05527 4.06070
0.04 1.11445 1.07558 1.03089 4.07694 4.04730 4.05544
0.06 1.14489 1.10342 1.05694 4.08595 4.05275 4.05885
0.08 1.17173 1.12611 1.07716 4.09606 4.05805 4.06216
0.10 1.18591 1.13817 1.08734 4.10241 4.06185 4.06487
313.15K
0.00 0.98043 0.92181 0.86290 4.07834 4.05274 4.03684
0.02 1.00997 0.94877 0.88723 4.06599 4.04539 4.03215
0.04 1.03855 0.97543 0.91277 4.05376 4.03852 4.02752
0.06 1.06769 1.00287 0.93762 4.06440 4.04422 4.03068
0.08 1.09301 1.02409 0.95787 4.07306 4.04979 4.03440
0.10 1.10653 1.03521 0.96634 4.07942 4.05301 4.03652
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shown in Figs 5-7. The variation of intermolecular
free length and relaxation time are depicted in
Figs 8-13 and the values are given in Table 3. Acoustic
impedance has been shown in and Figs 14-16.
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Fig. 6 — Plots of adiabatic compressibility of various nanofluids of

CuO in 10% aqueous PG at different temperatures.
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Fig. 7 — Plots of adiabatic compressibility of various nanofluids of

CuO in 10% aqueous HG at different temperatures.
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Acoustic impedance showed an increase with
increase in concentration up to 0.04 wt% and
beyond that concentration it showed a decrease.

The
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Fig. 8 — Plots of intermolecular free length of various nanofluids of
CuO in 10% aqueous EG at different temperatures.
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Fig. 11 — Plots of relaxation time of various nanofluids of CuO in
10% aqueous EG at different temperatures.
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concentrations is due to increasing particle-fluid
interactions and decrease at higher concentration
is due to increasing particle-particle interactions.
The increasing particle-fluid interactions at lower
concentrations increases the intermolecular distance
which creates the impedance in the propagation of
ultrasonic waves. The increase in particle-
fluid interactions at lower concentrations is also
supported by a decrease in intermolecular free
length. Attenuation coefficient showed an increase
with increase in concentration of nanofluids as
shown in Figs 17-19. With rise in temperature
particle-fluid interactions showed an increase
which is indicated by increase in ultrasonic velocity,
acoustic impedance and intermolecular free length.
Attenuation coefficient decreases with rise in
temperature since the system become less dense and
less viscous (Table 4). Relaxation time showed a
decrease with rise in temperature because average
kinetic energy of the particles increases with
temperature.

It has also been observed that among three
nanofluids the increasing order of particle-fluid
interactions is HG < PG < EG indicated by the
difference between successive values of ultrasonic
velocity as shown in Table 1. At 303.15 K the
difference between first two values of ultrasonic
velocity in case of nanofluids of CuO with aqueous
EG, aqueous PG and aqueous HG are 0.00236, 0.00147
and 0.00091, respectively. Similar results were also
observed at different concentrations and at different
temperatures. In all other parameters like ultrasonic
velocity the difference between successive values is
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Fig. 13 — Plots of relaxation time of various nanofluids of CuO in
10% aqueous HG at different temperatures.
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Table 3 — Intermolecular free length and relaxation time of CuO nanofluids at three different temperatures

Concentration Lex101! <1018
(W%) (m) ®)
EG+H20 PG+H2O HG+H20 EG+H20 PG+H20 HG+H20
303.15K
0.00 4.21670 4.18874 4.19958 6.29439 6.20908 5.96640
0.02 4.20934 4.18426 4.19677 6.44640 6.35251 6.10375
0.04 4.20244 4.18011 4.19421 6.59420 6.49245 6.23977
0.06 4.20830 4.18319 4.19629 6.77770 6.65060 6.39165
0.08 4.21370 4.18606 4.19806 6.94540 6.78980 6.51224
0.10 4.21753 4.18800 4.19941 7.03989 6.86378 6.57265
308.15K
0.00 4.24175 4.22045 422183 5.76613 5.52421 5.30324
0.02 4.23516 4.21633 421916 5.91462 5.66300 5.43615
0.04 4.22758 4.21219 4.21642 6.05806 5.80426 5.57429
0.06 4.23225 4.21504 4.21819 6.23729 5.96252 5.71995
0.08 4.23748 421778 4.21991 6.39931 6.09308 5.83412
0.10 4.24076 421975 422132 6.48678 6.16411 5.89319
313.15K
0.00 4.26617 4.25276 4.24441 5.33137 498114 4.64452
0.02 4.25971 4.24890 4.24195 5.47538 5.11752 4.76993
0.04 4.25329 4.24529 4.23951 5.61338 5.25239 4.90160
0.06 4.25887 4.24628 424117 5.78603 5.40777 5.03899
0.08 4.26341 4.25121 4.24313 5.93586 5.52980 5.15258
0.10 4.26674 4.25290 4.24424 6.01866 5.59429 5.20087
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Fig. 15 — Plots of acoustic impedance of various nanofluids of CuO Goneentration (Wik)

in 10% aqueous PG at different temperatures. Fig. 17 — Plots of attenuation coefficient of various nanofluids of

CuO in 10% aqueous EG at different temperatures.
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Table 4 — Acoustic impedance and attenuation coefficient of CuO nanofluids at three different temperatures

Concentration Zx10° a/f°x10-14
(Wt%) (Kg m2s™) (s*>m™)
EG+H20 PG+H20 HG+H20 EG+H:0 PG+H20 HG+H20
303.15K
0.00 1.56320 1.56854 1.55859 8.01247 7.82602 7.51122
0.02 1.56628 1.57042 1.55978 8.19348 7.99929 7.67967
0.04 1.56913 1.57217 1.56086 8.36905 8.16841 7.84669
0.06 1.56713 1.57113 1.56018 8.61496 8.37417 8.04215
0.08 1.56534 1.57021 1.55964 8.84066 8.55617 8.19791
0.10 1.56417 1.56968 1.55926 8.97055 8.65447 8.27733
308.15K
0.00 1.56657 1.56939 1.56294 7.31081 6.94637 6.64546
0.02 1.56935 1.57110 1.56405 7.48906 7.11476 6.80820
0.04 1.57243 1.57282 1.56517 7.65824 7.28584 6.97717
0.06 1.57091 1.57189 1.56464 7.89458 7.49016 7.16304
0.08 1.56918 1.57103 1.56412 8.11078 7.65999 7.30955
0.10 1.56822 1.57049 1.56373 8.22932 7.75387 7.38666
313.15K
0.00 1.56997 1.56984 1.56693 6.73136 6.24915 5.79326
0.02 1.57270 1.57142 1.56796 6.90425 6.41507 5.94667
0.04 1.57533 1.57291 1.56899 7.06878 6.57919 6.10778
0.06 1.57348 1.57195 1.56849 7.29671 6.77925 6.28192
0.08 1.57203 1.57103 1.56788 7.49468 6.93770 6.42697
0.10 1.57103 1.57060 1.56761 7.60629 7.02226 6.48946
N 5 Conclusions . .
— e 308.15K " CuO nanoparticles were synthesised and
E 8o | A 313.15K U characterized by XRD, TEM, SEM and EDX. With
é‘% ’/'/ the help of ultrasonicator various nanofluids were
L‘? Y ' obtained by dispersing the CuO nanoparticles in
e . . various base fluids. Various acoustical parameters
% o " were evaluated by using rpeasured values of ultrasonic
2 " velocity, density and viscosity. The solute-solvent,
% o o solvent-solvent and solute-solute interactions were
o 851 discussed in terms of these parameters as a function of
= concentration of CuO nanoparticles and temperature.
£ 50- " From this discussion it has been concluded that
b concentration of CuO nanoparticles and temperature
os - play important roles on the solute—solve.nt interactions.
0.00 0.02 0.04 0.06 0.08 0.10 It has also been concluded that the chain length of the

Concentration (Wt%)

Fig. 19 — Plots of attenuation coefficient of various nanofluids of
CuO in 10% aqueous HG at different temperatures.

HG < PG < EG which clearly shows that the particle-
fluid interactions are maximum in case of nanofluids
of CuO nanoparticles with aqueous EG and minimum
in case of nanofluids of CuO nanoparticles with
aqueous HG. This may be due to an increase in size of
non polar part from EG to HG.

various glycols has an important effect on particle-fluid
interactions. The interactions were maximum in
nanofluids of CuO with aqueous EG and minimum in
aqueous HG.
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