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Thermal diffusivity measurement of copper nanofluid
using pulsed laser thermal lens technique
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The pulsed laser thermal lens technique was used to study the thermal diffusivity of fluids containing copper nanoparticles (Cu-NPs)
prepared by γ-irradiation method. The samples were prepared for the different concentrations of Cu precursor at 20.KGy dose. A Q-switched
Nd-YAG pulsed laser of wavelength 532.nm was used as an excitation source and He-Ne laser was used as a probe beam in the present
thermal lens experiment. It was found that the thermal diffusivity of the solution depends on the density of Cu-NPs.
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1 INTRODUCTION
Metal NPs with various unique applications are very interesting materials for the researchers. Some important applications
of metal NPs are in electronic, optical components [1, 2], as targeted thermal agents in medical therapies and drug delivery,
high functioning heat transfer fluids in automotive electronic
cooling systems and in micro-channel heat sinks [3]–[8]. Especially, Cu-NPs have attracted scientists due to its application
as catalysis, lubrication [9, 10] and conductive films [11]. The
synthesis of Cu-NPs is very difficult due to its easy oxidation
and aggregation. Few methods like photochemical [12], laser
ablation [13, 14], microemulsions [15] are being used to synthesis Cu-NPs. Much literature is available which presents the
fabrication of NPs in pure water. However, mostly studies reported the difficulties in the fabrication of Cu-NPs [13, 16]. But
the preparation of NPs by gamma radiation method has significant advantage that there are no impurities like Cu oxide
as compared to the chemical reduction method.
The poor heat transfer properties of conventional fluid such as
mineral oil, ethylene glycol and water was the big challenge
for heating and cooling system in many industrial processes.
On the other hand from long time ago it was known that the
thermal conductivity of these fluids can be increased by suspending ultrafine metallic or nonmetallic solid powders in-
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side them. This idea originated from this fact that most of solid
material has higher thermal conductivity in comparison with
liquids. In recent decades this idea still has been applying on
fluid but this time by using solid in nanometer dimension to
form nanofluid and so far interesting thermal transport properties of nanofluid has been addressed by many comprehensive review articles and books.
One of the sensitive and accurate techniques to measure the
thermal diffusivity of material is the thermal lens (TL) technique. This technique based on absorption of irradiated Gaussian beam as an excitation source and non-radiative relaxation
of the excited molecules which causes formation of the TL inside the sample [17]. On the other hand the other beam which
is called probe beam is used to probe the TL signal. The intensity of the probe beam will be detected by a detector which
was placed behind a pinhole. The change of intensity is directly related to thermo-optical parameters of sample.
So far the ability of this technique for measurement on the
thermal diffusivity of nano-fluids was confirmed by many researchers [18]–[21]. In this work, we used pulsed laser TL technique to measure the thermal diffusivity of fluids containing
Cu-NPs which were prepared by γ-irradiation method.
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2 EXPERIMENT
All chemicals and reagents were purchased from
Sigma-Aldrich. Cu chloride (CuCl2 .2H2 O, 99%) and
polyvinylpyrrolidone (PVP, MW=29000, 95%) were used
as Cu precursor and stabilizer agent, respectively. Double
distilled water was used as a solvent for preparing of all
samples. PVP (4.0 g) was dissolved in 100 ml of water and
stirred for 30 min at room temperature to obtain a colorless
solution. The prepared PVP solution was divided to 5 parts to
make the samples at different Cu concentration. The different
amount of CuCl2 was dissolved in these PVP solutions for
the preparation of various samples with different Cu molar
concentration 3.0×10−3 (S1), 5.0×10−3 (S2), 7.0×10−3 (S3),
1.0×10−2 (S4) and 5.0×10−2 (S5) M under constant stirring
conditions. Samples were stirred for 2 hours to obtain the
homogeneous solution at room temperature. Each sample
was irradiated by γ-irradiation at a 20 KGy dose.

FIG. 1 Schematic diagram of experimental set-up ( L = Lens; S = Sample; F = Filter; PD=
Photodiode detector).

The prepared Cu-NPs were characterized with double beam
UV-vis spectrometer (Shimadzu), and transmission electron
microscopy (TEM, Hitachi model H-7100). The size distribution of particles was obtained using UTHSCA software
(Ver. 3). We also measured the density of Cu NPs inside the
solution using atomic absorption spectroscopy (S Series).
Schematic diagram of the experimental set up is shown in Figure 1. The measurements were carried out using a Q-switched
Nd:YAG pulsed lasers (SL400/SL800 system) with 532 nm
wavelength, 10 ns duration as an excitation light source and
a He-Ne laser of wavelength 632.8 nm with the output power
less than 1 mW as a probe beam. The excitation light beam was
focused by a lens of 50 cm focal length onto a liquid sample
contained in quartz cuvette positioned vertically at its focal
point.
The probe beam was focused by a lens of 25 cm
√ focal length
and cuvette cell located around a distance of 3zc (zc is the
confocal distance of the probe beam) from the focal point. The
transmitted beam was detected by a photodiode detector (PD)
which was placed behind the aperture. An optical bandpass
filter (F) was placed in front of aperture to remove the excitation beam. The PD output was coupled to the digital storage
oscilloscope (LeCroy 9100A 400 MHZ) to capture the TL signal. The LabVIEW software was used to record the TL data
from oscilloscope. The data was normalized with respect to
TL signal at time t=0. The probe beam intensity at the detector
can be written as [22, 23]:
Φ=

It − I∞
1
= Φ t =0
It
[1 + 2n(t/tc )]2

Φ t =0 =

It=∞ − It=0
It=0

(1)

(2)

where, I∞ is the steady state TL signal, I0 and It are TL signal
at time t = 0 and time = t, respectively. The value of n can be
determine by measuring the dependence of TL signal on laser
energy E of the pump laser pulse using the relation,
0
It=0 − It=∞
∝ En
It=0

(3)

FIG. 2 UV-vis spectra of the synthesized Cu-NPs at different concentration.

The characteristic time constanttc is related to the thermal diffusivity and beam radius (ωe ) through the equation,
D=

ωe2
4tc

(4)

After finding tc by fitting Eq. (1) to the normalized TL time
evolution data, thermal diffusivity can be calculated from the
Eq. (4).

3 RESULTS AND DISCUSSION
Color of the solution changed from colorless to yellow-green
after γ - radiation which confirmed the formation of Cu-NPs.
The Cu-NPs have a surface plasmon resonance (SPR) peak
from 435 to 440 nm [24] as shown in the UV-vis absorption
spectra, (Figure 2). It is clear from the figure that the intensity
of the plasmon peaks is related to the density of NPs inside
the sample. This result was further confirmed by atomic absorption spectroscopy in which shows that during the process
of γ-irradiation, the converting of Cu ion to Cu-NPs followed
the amount initial Cu precursor inside the sample.
The particle size of the Cu-NPs was confirmed by TEM image
and particle size histogram. It was observed from the TEM
images, the produced NPs were well dispersed inside the fluids and non-agglomerated. The average particle size for all the
samples was obtained below 5 nm. The average particle size
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FIG. 5 The normalized TL time evolution signal for glycerol.

FIG. 3 Typical TEM image particle size distribution of synthesized Cu-NPs (S3).

FIG. 4 The normalized TL time evolution signal for toluene. Solid line corresponds to
the best fit of Eq. (1) to the TL experimental data. The values of tc obtained from the
figure is 0.394 s.

FIG. 6 The normalized TL time evolution signal for S3 sample. Solid line corresponds to
the best fit of Eq. (1) to the TL experimental data.

of Cu-NPs for sample S3 was about 4.82 nm with a narrow
size distribution as shown in Figure 3.
The TL signal variation with laser power showed a linear
dependence for all the samples. This suggests that one photon absorption happens by mean of n = 1 as explained by
Eq. (1). The calculated value of toluene thermal diffusivity,
DToluene , from Eq. (4) by inserting the obtained tc = 0.394 s is
(10.880 ± 0.003) × 10−4 cm2 /s and it agrees quite well with
the literature value, 10.90 × 10−4 cm2 /s [25]. The small difference, 0.2%, from literature idicates that the present TL setup is quite accurate in measuring this thermal parameter. The
source of error was mostly contributed from the fitting. A reference sample with known thermal diffusivity was used to
determine the thermal diffusivity of the unknown sample to
eliminate the uncertainty in the determination of beam radius.
Toluene was used as reference sample in this experiment (Figure 4). Therefore,
D = DToluene

tc,Toluene
tc

(5)

We measured the thermal diffusivity of glycerol with toluene
as a reference to confirm the accuracy of our experimental
set up. Figure 5 shows the normalized TL time evolution
signal for glycerol sample where the solid line corresponds

to the best fitting to Eq. (1). The values of Φ0 and tc are
(0.861 ± 0.052) and (0.431 ± 0.045) sec, respectively. The calculated thermal diffusivity (D ) value is
(9.491 ± 0.075) ×10−4 cm2 /s. The difference is around
5% as compared with the value reported in the literature,
10.00×10−4 cm2 /s [25]. This indicates that our TL experimental set-up is accurate enough and satisfactory for the
measurement of the thermal parameters.
Figure 6 shows the TL signal for sample S3. The values of
Φ0 and tc are found to be (0.572 ± 0.033) and (0.300 ± 0.033)
sec obtained from the fitting curve. Thus, the calculated value
of thermal diffusivity for sample (S3) is (13.6 ± 0.9×10−4 )
cm2 /s.
Similar TL signals were obtained for other samples and their
corresponding values of Φ0 , tc and D are presented in Table 1.
The behavior of thermal diffusivity in term of particle density
has been depicted in Figure 7. As expected, our results show
that thermal diffusivity increases with the increase of particle
concentration inside the fluid.
The best interpretation for this phenomenon is that, absorption of exciting laser light by nanoparticle generates oscillat-
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Sample
Glycerol
S1
S2
S3
S4
S5
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Density of
Cu-NPs (mg/L)
0.73
4.39
6.09
6.98
8.01

Φ t =0

tc (s)

D(10−4 cm2 /s)

0.9 ± 0.05
0.82 ± 0.09
0.94 ± 0.04
0.57 ± 0.03
0.71 ± 0.06
0.88 ± 0.04

0.43 ± 0.04
0.37 ± 0.03
0.34 ± 0.02
0.30 ± 0.03
0.28 ± 0.02
0.27 ± 0.02

9.5 ± 0.9
11.1 ± 0.9
12.1 ± 0.9
13.6 ± 0.9
14.6 ± 0.9
15.0 ± 1.0

TABLE 1 The fitting parameters Φ0 and tc and the calculated thermal diffusivity, D, for all the samples.
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