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Abstract – Here, CdS nanoclusters have been synthesized using a chemical route. Structural and 
morphological analyses have been done using x-ray diffraction (XRD) and transmission electron 
microscopy (TEM). Synthesized nanoclusters are used to prepare the CdS - ethylene glycol nanofluids, 
at three different concentrations of CdS (viz 0.2 vol%, 0.6 vol% and 1.0 vol%), using ultrasonication 
method. Size distribution profile of the suspended particles is analysed by an acoustical particle sizer 
(APS-100), based on the ultrasonic spectroscopic technique. The crystallite size obtained from XRD is 
compared with the particle size estimated from the TEM and APS -100 techniques and a proper rationale 
is provided for the differences in measurements.  Frequency-dependent ultrasonic attenuations at 
different concentrations of dispersed nanoparticles in the nanofluids have been measured by APS-100. 
The ultrasonic wave exhibits a nonlinear increase in ultrasonic attenuation with frequency in all the 
samples of nanofluids.  The analysis of the observed results enables us to understand the interaction of 
the ultrasonic wave with the suspended nanoparticle in the nanofluids system. 
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1. INTRODUCTION 

Nanofluids are nothing but engineered colloidal 
suspension of the nanosized particles in a base fluid 
[1]. Nanoparticles have at least one of their 
characteristic dimensions in the range of 1 to 100 
nm. Due to their large surface to volume ratio, they 
show excellent characteristics compared to their bulk 
counterpart [2]. Among the various type of 
nanostructured materials, nanoclusters having 
dimensions between 1 and 10 nm have attracted 
research communities due to their exceptional 
properties resulting from the „quantum size effect‟ [3-
4]. Nowadays, nanoclusters are extensively used in 
various advanced industries like microelectronics, 
electroluminescent displays, optical data storage, 
sensors, magnetic materials and biological markers 
for photodynamic therapy [5-7]. When these types of 
nanostructured materials are dispersed in a base 
fluid, they also enhance the properties of the fluid 
significantly [8]. 

Nanofluids are widely used in the efficient cooling 
technology as they exhibit an enhanced rate of heat 
transfer compared to conventional heat transfer fluids 
such as water, engine oil, ethylene glycol and 
glycerol [9]. As suspended nanosized particles 
provide more surface area for the transfer of heat, 
the thermal conductivity of the nanofluids increases 

significantly [8-9]. Other thermophysical properties 
such as thermal diffusivity and viscosity also get 
increase due to above mechanism [10]. A 
comprehensive analysis of the nanofluids for various 
types of heat transfer systems is a prerequisite for 
understanding the movement of the suspended 
particles. Inter-particle interaction within the 
nanofluid can be better analysed with the help of 
sound wave propagation in the medium. Ultrasonic 
offers a non-destructive method to investigate the 
fluid-particle interaction within the system without 
modifying the basic characteristics of the medium 
[11-13]. Ultrasonic study provides important 
information about the system such as thermal 
relaxation time, specific heat, energy density, etc. 
[14]. Ultrasonic attenuation and velocity are the most 
important thermoacoustic properties for the liquid 
particle suspension to understand the particle fluid 
interactions [15-17]. Thus, in the present analysis, 
we have prepared the CdS nanoparticle/nanocluster 
via chemical route and three samples of nanofluids 
with the help of ethylene glycol. The acoustical 
spectroscopic method has been used to study the 
size distribution of the suspended particles in the 
base fluid. Frequency and concentration dependent 
ultrasonic attenuations in the nanofluids are 
measured and analyzed. 
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2. MATERIALS AND METHODS 

2.1 Synthesis 

A clear uniform aqueous solutions of 0.1 M Cd 
(CH3COOH)2.2H2O and 0.1 M sodium sulfide were 
prepared at room temperature. The prepared Na2S 
solution was added drop by drop to cadmium acetate 
solution at 67

0
C under continuous stirring. This 

results in a soft yellow colored solution which is 
stirred and heated for 6 h at 60

0
C and then the 

solution set to rest for the next 24 hours. The 
precipitate was centrifuged and washed several 
times with doubly distilled water. The precipitate was 
incubated for 6 h at 800

0
C and after grinding it we 

get a finely powdered sample of CdS nanoclusters. 
The synthesized CdS nanoclusters were dispersed in 
ethylene glycol with help of a probe sonicator (Sonic 
Vibracell) [Model-VC-505] for 30 minutes. We have 
prepared three samples of CdS-ethylene glycol 
nanofluids at concentrations of 0.2 vol %, 0.6 vol %, 
and 1.0 vol % of nanoclusters. Pure ethylene glycol 
was used as a base fluid for the preparation of 
nanofluids. 

2.2 Characterization 

The structural investigation was done using XRD 
diffractograms which were recorded by 
RigakuD/max-2200PC diffractometer using CuKα1 
radiation with the wavelength 1.54 Å in wide-angle 
range, operated at 40 kV/20 mA. To calculate the 
crystallite size of the sample, XRD patterns were 
used. TEM micrograph is used to investigate 
structural and morphological properties of pure and 
Nanofluid samples, this characterization is done 
using Philips CM200 transmission electron 
microscope at 20–200 kV operating voltage. 

2.3 Measurement techniques 

After the suspension of CdS NPs in ethylene glycol, 
the particle size distribution (PSD) is analysed using 
an acoustical particle sizer (APS-100; Matec Applied 
Sciences). Frequency-dependent ultrasonic 
attenuations in the prepared nanofluids at different 
concentrations are also measured with APS-100. 
APS-100 is based on the ultrasonic spectroscopic 
technique.  Using this technique, ultrasonic waves of 
frequencies ranging from 1-100 MHz are allowed to 
travel through the colloidal suspension and amplitude 
of attenuation, at each frequency, is measured at 
various places of the medium. The degree of 
attenuation is related to particle size distribution. By 
summation over the ensemble of particle sizes, the 
ultrasonic attenuation/absorption linked with PSD can 
be determined, thus by enabling data inversion these 
attenuation spectra data are converted into PSD 
successfully using a software based on Carhart and 
Epstein theory [18]. Here, a specially designed 
reflector is used to measure the velocity and echo 
amplitude of the ultrasonic wave and compare the 
transmitted and reflected waves. To achieve high 

accuracy, the APS practices optimal signal averaging 
via several repetitive measurements [19]. 

3. RESULTS AND DISCUSSION 

Figure 1 shows the X-Ray diffraction pattern of 
synthesized CdS nanoclusters which have no 
impurity peaks. The XRD peaks are in perfect 
agreement with the cubic phase of CdS having 
JCPDS file No. 100454. Peak positions are found at 
2θ

0 
= 26.56

0
, 43.56

0
, 51.80

0
, 71.41

0
 which 

correspond to the planes with miller indices (III), 
(220), (311), (331) respectively. The average 
crystallite size can be calculated using Scherer‟s 
equation: 

 

where, D is the crystallite size, λ is the wavelength of 
the CuKα1 (1.54 Å), θ stands for Bragg angle and β 
is the full-width at half-maximum (FWHM) of peak 
measured in radian. The average crystallite size of 
CdS nanoclusters comes out to be 4.2 nm. Thus 
XRD pattern confirms the formation of CdS 
nanocluster. 

 

Fig. 1: XRD pattern of CdS nanoclusters. 

The Morphology and particle size of the prepared 
sample is analysed using transmission electron 
microscopy (TEM) shown in Fig. 2. From the figure, 
it is clear that most of the particles are 
distinguishable and have an irregular spherical 
shape. The size distribution lies in the range of 4 – 
12 nm confirming the formation of nanoclusters. The 
size distribution of the suspended particles in the 
matrix of base fluid can be effectively analysed 
using an acoustical particle sizer. The PSD profile of 
CdS nanocluster in ethylene glycol is shown in Fig. 
3. As APS can produce PSD profile in the range of 
10 nm to 1 mm, we get a sharp line at the value of 
10 nm indicating only half portion of PSD curve. 
Assuming a symmetric curve, we can say that most 
of the particles are in the range 7 -13 nm. In 
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general, crystalline size determined by XRD 
technique comes out to be slightly lesser than that 
obtained by TEM [20] and APS. This is due to the 
underestimation of grain boundary while considering 
the lengths of coherence. Other possibilities like 
twinning defects and lattice dislocation that result in 
microstraining of the lattice points cannot be 
excluded. These defects arise due to the 
spontaneous arrangement of lattice atoms through 
the nucleation process [20]. 

 

Fig. 2 TEM image of CdS Nanoclusters. 

In the PSD curve, the size of particles is not greater 
than 13 nm which confirms the inhibition of the 
agglomeration of the CdS nanocluster in the base 
matrix of ethylene glycol because the upper limit of 
the particle size obtained from TEM analysis is also 
come out to be alike. 

 

Fig. 3 Normalized particle size distribution of CdS 
nanoclusters in ethylene glycol 

 

 

Fig.4 Variation of ultrasonic attenuation with 
frequency in CdS-ethylene glycol nanofluids 

When an ultrasonic wave travels in a medium it gets 
attenuated. The attenuation of the ultrasonic wave 
with frequency in the ethylene glycol and nanofluids 
is displayed in Fig. 4. The graph shows a nonlinear 
increase in ultrasonic attenuation with frequency in 
the ethylene glycol. After the loading of nanocluster 
in the base fluid, the wave exhibits more attenuation 
and it increases further with an increase in the 
concentration of nanoparticles. The propagation of 
the wave is greatly influenced by the local 
environment of the medium.  Here, the total 
attenuation in the nanofluid is the cumulative sum of 
three components. First, attenuation due to the CdS 
nanoparticles, second, due to molecules of 
basefluid, and third, due to the interaction between 
nanoclusters of CdS and molecules of ethylene 
glycol affecting the thermo-physical properties of the 
liquid-particle suspension. 

The foremost causes of ultrasonic attenuation in the 
particles- fluid suspension are scattering, 
thermoacoustic loss and viscus loss. If the size of 
suspended particles is of the order of millimetre then 
scattering plays important role in the attenuation of 
the wave but for nanosized particles, it is 
insignificant as the wavelength of the ultrasonic 
wave is not comparable to the size of the dispersed 
CdS nanoclusters in the ethylene glycol [21]. The 
trends of attenuations in the obtained graph (Fig. 4) 
suggest that at a lower frequency, from 30 MHz to 
42 MHz, the level of ultrasonic attenuations are 
almost similar to that of basefluid and all the three 
nanofluids. As frequency increases beyond this 
point, the absorption of the wave increases sharply 
with the concentration of the loading nanoparticles. 
The expressions for viscous wavelength and thermal 
wavelength [18] are given as follows 
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Here, ω is the frequency of the propagating 
ultrasonic wave. η, K, ρ or σ, and C represent the 
viscosity of the base matrix, thermal conductivity, 
density, and specific heat of the suspended particles. 
For frequency up to 42 MHz, the viscous wavelength 
is comparable to the average size of the nanoparticle 
making it dominating factor for ultrasonic attenuation 
in this frequency regime. For the frequency greater 
than 42 MHz, the thermal wavelength becomes 
comparable to the size of suspended particles and 
play dominating role to ultrasonic attenuation. A 
typical polynomial fit study to ultrasonic attenuation 
shows that the absorption in the nanofluids can be 

expressed as  
i

i f 
.  For i = 0, the coefficient of 

frequency is equal to attenuation in the matrix of 
ethylene glycol. While for i ≠ 0, the coefficient of 
frequency is dependent on the size of dispersed 
particles. 

4. CONCLUSIONS 

We have successfully synthesized CdS nanocluster 
and CdS-ethylene glycol nanofluids via chemical 
route and ultrasonication method, respectively. XRD 
analysis confirms the formation of cubic phase CdS 
nanocluster. The crystalline size determined by the 
XRD technique comes out to be slightly less than the 
particle size obtained by TEM and APS due to the 
underestimation of grain boundary while considering 
the lengths of coherence. Nonlinear enhancement in 
the ultrasonic attenuation with frequency and 
concentration of nanocluster was observed in the 
CdS-ethylene glycol nanofluids.  At smaller 
frequencies, viscous loss plays a crucial role in the 
absorption of the wave while at higher frequencies 
thermal loss becomes responsible for ultrasonic 
attenuation. The study will provide further insight into 
the efficient heat transfer management system with 
the understanding of inter-particle interaction in the 
nanofluids colloidal system. 
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