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Abstract- Nanoparticle plays avital role in heat transfer
application considering this advantage, we synthesized
zinc oxide nanopatrticle using modified sol-gel method
and characterized it using X-Ray Diffraction (XRD),
Field Emission Microscopy (SEM) and High-Resolution
Transmission Electron Microscopy (HRTEM). XRD
and HRTEM confirm that synthesized nanoparticle is
pure zinc oxide nanoparticles, with an average size of
about 20 nm. Further, it is dispersed with the water to
get ZnO-water nanofluid. Four samples of ZnO
nanoparticles having a volume fraction of 0.01%, 0.1%,
1% and 5% are dispersed in water and sonicated for 2
hours. After sonication, thermal conductivity analysis
of ZnO-water nanofluid is done by KD2 Pro. The
thermal conductivity of nanofluid is compared with the
base fluid. 0.01% doping shows no significant
enhancement of thermal conductivity but 0.1%, 1%
and 5% shows 0.5%, 4.5% and 23.7% thermal
conductivity enhancement respectively. Therefore,
ZnO-water nanofluid is a good thermic fluid for future
heat transfer applications.
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1. INTRODUCTION

Different nanoparticles such as metal [1], metal-
oxide [1], and polymer [2] are listed in the literature.
Metal-oxide nanoparticles are most versatile due to
their various characteristics and functionalities.
Among different metal-oxide nanoparticles, ZnO
nanoparticles are most important due to their vast
area of applications, e.g., rubber industry [3] due to
cross-linking  property, biosynthesis [4], green
synthesis of ZnO [5] etc. ZnO has 60 meV bond
energy and 3.37 eV band gap energy; therefore, it is
used in the electronics industry, such as electronics
equipment [6]. This can also form useful stable heat
transfer nanofluid prepared by sonication of
nanoparticles into base fluid [7]. The available
techniques for the synthesis and growth of ZnO
nanoparticles using the different methods are
summarized in Table 9. Reproducibility is a major
issue in such techniques.

In this work, the controlled growth of ZnO
nanoparticles is done by optimized precursor
concentration. Multiple experiments have been
carried out to optimized the controlled growth. Itwas
very challenging to optimize the controlled growth
with the high reproducibility of ZnO synthesis. This
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synthesis method used here is highly demandingand
cost-effective, and reproducible at medium
temperature range 54-66°C.

Table 9: Summary of ZnO nanoparticles synthesis.

Eeactlo Partic Referen
Method Precursors Conditi Le_ . ces
ons 1z
Mechanoche Nza’:gg's 400- | 1835 | (o
mical NaCl 800 °C nm
Zn(CHsCO 160-
Precipitation | O)s.and | °%,2%° | 500 | [9]
KOH nm
Sol-gel Zn(g)kzi’sco 6(1680 ~100 | 149
g C2H20s, nm
C;HsOH
Zn(CHaCO 20
0)2, 500 °C [11]
CHsOH nm
Zn(CHsCO
0)2, 100-
Zn(NOs),, | 120- | 2000
Solvothermal LiOH. 250°C | nm [12]
KOH,
NH,OH
Zn(CHsCO | 00 | 0.05-
Emulsion 0)2, CrHis, | 4509 | 015 | [13]
NH,OH um

2. EXPERIMENTAL METHODS

The materials used are Zn(CH3C00)..2H>0, KOH,
CH30H and C3HsO. ZnO nanopatrticles synthesis is
done by the modified methods [10-11]. In this
procedure, 14.8 g of Zn(CH3COO0),.2H>0 was
dissolved in 625 ml of methanol,7.4 g of KOH in 325
mI of methanolto get their solution, respectively. The
reaction has been carried out under continuous
stirring of 600 rpm at 60°C for 180 min.  The
nanoparticles are settled at the bottom after the
reaction is complete. These are collected using the
centrifugation process, and excess mother fluid is
removed. It is washed thrice with acetone and dried
at33°C for 6 hours. Further, it is crushed to get ZnO
nanopowder. Three different sampleswere taken for
analysis purposes to find out the reproducibility and
bulk synthesis. Solution temperature, stirrer rotation
and reaction time are kept distinct purposefully at
10% fluctuation, listed in Table 10.
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Table 10: Synthesis parameter for different samples.

Vol 12 Spcial Issue 1 (2022)

ISSN 2278-2508 (P) 2454-9673(0)

studied by FE-SEM, which is shown in Figure 2. The
FE-SEM images of ZnO nanoparticles show that they
are consistent and almost spherical with about 20 nm,
suitable for thermaland photocatalytic activities.

Samples | Solution Stirrer Reaction
temperature (°C) | rotation times (min)
(rpm)
1 60 600 180
2 54 540 162
3 66 660 198

3 RESULTS AND DISCUSSION

Fig 5 shows ZnO nanoparticles of different samples
with X-ray spectrum. All samples are prepared at
different time intervals and different room
temperatures. All samples show almost the same
peak at the same 26° angle. Major peaks are
appearingin Fig.1, namely (100), (002), (101), (102),
(110), (103), and (112) confirm the materiak
synthesized are pure ZnO [JCPDS file no: 01-079-
2205].

—— Sample 1

(Intensity (a.u.)

20 (Degree)

Fig 5 ZnO nanoparticles with X-ray spectroscopy of different
samples.

The interplanarspacing (d) hasbeen calculated using
Bragg’s law (d = 1/ 2 sin@) and crystalstructure
based on Bravais lattice parameter in which
hexagonal unit cell is characterized by lattice
parameter (a = 3.2496 A) and (c = 5.2069 A). Tabk
11 gives the crystallite size of ZnO nanopowders.
From Table 11, it is observed that the average
crystallite size of ZnO nanopowderis 17.02 nm.

Table 11: Crystallite size of ZnO nanoparticles.

No 0(rad) B(rad) D (nm)
1 0.27698 0.01071 15.48
2 0.30017 0.01166 14.31
3 0.31612 0.01121 14.97
4 0.41474 0.00972 17.92
5 0.49402 0.01232 14.70
6 0.54868 0.01096 17.05
7 0.57882 0.00921 20.68
8 0.59306 0.00914 21.02

For SEM analysis, Carl ZEISS SMT, Germany,
ZEISS EVO 60 Scanning Electron Microscope is
used. The morphology of ZnO nanoparticles was
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Fig. 6 SEM image of ZnO nanopowder at (a) 1 um resolutionand
(b) 100 nmresolution.

HRTEM analysis has been done using JEM — 2100,
JEOL, Japan, operatingat VVoltage 200 kV and LaB6
filament. Fig. 8 show lattice resolution images
containinginformation on the atomic-scale structure.
The inter-planar spacing (d) has been calculated
using equation (1).

AL

== 1
d ; 1)

where A (0.00251 nm)is the wavelength of the beam

at 200 keV, L (400 mm) is camera length, R is the
diffracted beam distance from the center. SAED
pattern of ZnO nanoparticle confirms that the
synthesized ZnO is Polycrystalline. Detail of the
SAED pattern of ZnO nanoparticles is shown in
Table 12.

Raman spectroscopy of the ZnO sample was done
using Ar laser with 520 nm excitation wavelength.
Figure 5 shows the Raman spectrum of ZnO. The
peak at 280 cm~'isthe outcome of multiple scattering
phonons E2 (high) — E2 (low). The peak at 97 cm™
and 440 cm~'are the characteristic non-polarmode E2
(low) and E2 (high) of wurtzite structure. The peaks
at403cm~'and 934 cm~' are assigned to the E1 (TO)
and A1 (2TO) modes.
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Mean: 17.2 nm
SD: 1.7nm
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Fig. 7 HRTEM image of ZnO nanopowder at (a) 50 nm

resolution and (b) 10 nm resolution. . . (b) . . .
Fig. 8 HRTEM image of ZnO nanoparticles showing (a) lattice
Table 12: SAED pattem ring details of ZnO nanopowders. fringes and different orientation of the plane in wurtzite structure
and (b) SAED pattern of nanoparticle, which shows
Ring R (1/nm) d(nm) hKI polycrystallineof ZnO.
No.
1 3.475 0.28777 100
2 3.724 0.26853 002
3 3.959 0.25259 101 _
4 5.105 0.19589 102 3
5 5.99 0.166%4 110 = 3 3
6 6.598 0.15156 103 B |S 1
7 6.902 0.14489 200 ﬁ
8 7.054 0.14176 112
ZnO. 8
Dynamic light scattering (DLS) analysis, using ZEN R, RN N S g

3600 Malvern Instrument USA of ZnO nanoparticles
dispersed in ethanolis shown in Fig. 10. Thesize was
estimated to be 20.3 nm on average, with a standard
deviation of 7.8 nm. The particle size of 15.5nm and

Raman shift (cm'1)

Fig. 9 Optical phonon modes in the Raman spectraof wurtzite

19.6 nm have a maximum frequency of 25% and 30 ———
24%, respectively. DLS particle size distribution —~ 25] SD :7.8 nm
having a perfect agreement with XRD and HRTEM X
results. =, 201~
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Fig. 10 The particle size distribution of ZnO nanoparticles.
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For energy dispersive (EDXS) analysis, JEM-2100F
(HRP) instrument has been used at the voltage of
200.0 keV and Probe current of 1 nA. Fig. 11shows
the EDX spectrum of ZnO nanoparticles. Zn peaksat
0.9, 1.0, 8.6 and 9.6 keV, O peak at 0.5 keV show a
strong signal of Zn and O. These results confirm the
high purity of the synthesized ZnO nanoparticles.
Thesingle stareand the double starrepresents Cuand
C peaks, respectively, which comes from the grid
itself. The quantitative EDX spectra analysis of ZnO
nanoparticlesisshown in Table 13. For the pure ZnO
nanoparticles, the mass ratios of Zinc and Oxygen
signals are 85.86% and 14.14%, and the atomic ratio
of Zinc and Oxygen signals is 59.75% and 40.25%,
respectively.

Table 13: Quantitativeanalysis of EDX spectraof ZnO
nanoparticles.

Element Mass (%) Atom (%)
Zn 85.86 59.75
(0] 14.14 40.25
Total 100 100
18000
16000
14000 __F
vy 120001 S
= 100004 . ®
8 8000 - s x_"
U A A-‘l Y
6000 N >,
4000 ‘ '\=
2000 i l |
ol
0 T T T T T T 1
2 3 4 5 6 7 & 9 10
keV

Fig. 11 EDX spectrum of ZnO nanoparticles in which electron
return to K and L electronshell.

4. THERMAL CONDUCTIVITY OF
NANOFLUID

Four samplesof ZnO nanoparticles havinga volume
fraction of 0.01%, 0.1%, 1% and 5% are dispersed in
water and sonicated for 2 hours with Ultrasonic
Vibrator Machine (UVM) made by Schneeberger,
model no. NK6-160, 3000W/20 kHz. After
sonication, thermal conductivity analysis of ZnO-
water nanofluid is done by KD2 Pro (ASTM
Standard D5334-08 and IEEE Standard 442-1981,
with £10% thermal conductivity accuracy and

4 AA battery source). From Figure 8, it is observed
that 0.01% doping shows no significant enhancement
of thermal conductivity, but 0.1%, 1% and 5% shows
0.5%, 45% and 23.7% thermal conductivity
enhancement, respectively. Therefore, ZnO-water
nanofluid is a good thermic fluid for future heat
transferapplications.
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Fig. 8 Thermal conductivity measurement of different volume
fractions of ZnO-water nanofluid.

5. CONCLUSIONS
The synthesis method used here is simple and
reproducible for a large synthetic scale. The
diffraction peaks of ZnO nanoparticle show
hexagonal wurtzite crystal, which belongs to the

4
space group of Csv (P6smc)and 186 group number.

FE-SEM image revealed the average 20 nm diameter
spherical ZnO nanoparticles. HRTEM image shows
that the average particle size is approximately 17.2
nm, XRD result of the average crystallite size of
17.02 nm. DLS results show an average particle size
of 20.3 nm. The above results indicate the excellent
dispersibility of the nanoparticlesin the solvent. The
Raman shift shows the wurtzite structure of ZnO
nanoparticle and EDX confirm the formation of pure
ZnO nanoparticles. It is observed that 0.01% doping
shows no significant enhancement of thermal
conductivity, but 0.1%, 1% and 5% shows 0.5%,
4.5% and 23.7% thermal conductivity enhancement,
respectively. Therefore ZnO-water nanofluid is a
good thermic fluid for future heat transfer
applications.

Agathosma betulina is a natural extract of ZnO
nanoparticle synthesis. Green synthesis of ZnO
nanoparticlesand its characterization for heat transfer
application may be studied further.
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