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ABSTRACT

This project studies on the synthesis of cube-shaped cuprous oxide nanoparticles and
evaluation of thermophysical properties of the nanofluid containing synthesized
nanoparticles for heat transfer applications. Nanofluids are proven to have higher
potential as a cooling medium in heat transfer applications due to its high thermal
conductivity property. However, the nanofluids are not stable as the nanoparticles are
not well dispersed and forms two layers. Shape of the nanoparticle is also an
important factor in ensuring enhanced thermophysical properties of the nanofluid.
Hence, in this project, cube-shaped cuprous oxide nanoparticles are synthesized
because cube shape has high surface area to volume ratio. A two-step method is
chosen as the procedure to prepare the cuprous oxide nanofluid which first focuses
on the synthesis of the cuprous oxide nanoparticles in powder form using different
bases and continued with the preparation of nanofluid using methanol as the base
fluid. The thermophysical properties of the prepared nanofluid is then evaluated to

determine the thermal conductivity, viscosity and density.
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CHAPTER 1
INTRODUCTION

1.1 Background of Study

Nanofluids are fluids which is engineered by dispersing nanoparticles in base fluids.
In other words, nanofluids are nanoscale colloidal suspensions containing condensed
nanomaterials. They are two-phase systems with one phase (solid phase) in another
(liquid phase). Some of the common base fluids are water, oil and organic liquids

such as ethylene and tri-ethylene glycols.

Nanofluids has been a great interest in heat transfer enhancement applications due to
its enhanced thermophysical properties such as thermal conductivity, thermal
diffusivity, viscosity, and convective heat transfer coefficients compared to other
basefluids like oil or water. It has proven to have potential applications in electronic
devices, automotive and heavy duty engines, industrial cooling, building heating
systems, nuclear system cooling and cooling system in space station and aircraft. (Yu
& Xie, 2012).

Characteristics of nanoparticles such as the material, concentration, size and shape
contributes to the nanofluid properties. Materials with the higher thermal
conductivity, specific heat, and density are beneficial for heat transfer. Also, the size
of nanoparticles defines the surface-to-volume ratio and affects the viscosity of
nanofluids. For the same volume concentrations, suspension of smaller particles will
have a higher area of the solid/liquid interface. Besides, nanoparticles shapes are
strongly related to the total area of the solid/liquid interface. (Timofeeva et al.
(2011)). The varied morphology includes nanocubes, nanofibers, nanorods,
nanoflowers, nanospheres, octahedral, dendrite-like, eight-horn, honey-comb like,

plate-like and many more.



Preparation of nanofluids is the key step in improving the thermal conductivity of
fluids. There are two types of methods that have been employed to prepare
nanofluids which are single-step method and two-step method. The single-step
method is a process combining the preparation of nanoparticles with the synthesis of
nanofluids, for which the nanoparticles are directly prepared by physical vapor
deposition (PVD) technique or liquid chemical method. In this method the processes
of drying, storage, transportation, and dispersion of nanoparticles are avoided, so the
agglomeration of nanoparticles is minimized and the stability of fluids is increased.
The two-step method for preparing nanofluids is a process by dispersing
nanoparticles into base liquids. Nanoparticles used in this method are first produced
as a dry powder the nanosized powder is then dispersed into a base fluid in a second
processing step. This step-by-step method isolates the preparation of the nanofluids
from the preparation of nanoparticles. As a result, agglomeration of nanoparticles
may take place in both steps, especially in the process of drying, storage, and
transportation of nanoparticles. Simple techniques such as ultrasonic agitation or the
addition of surfactants to the fluids are often used to minimize particle aggregation
and improve dispersion behavior. (Li et al. (2009)). Table 1.1 shows the increase in

thermal conductivity of different nanofluid systems.

TABLE 1.1. Increase in thermal conductivity of different nanofluid systems (Li et

al. (2009))
System Synthesis process Particle loading Particle size Increase in thermal conductivity
(vol®) (nm) (%)
Cu/EG Single-step 03 10 40
Cu/Hz0 Single-step 0.1 75~100 238
Cu/H0 Two-step 7.5 100 78
Fe/EG Single-step 055 10 18
Agftoluene Two-step 0.001 60~80 16.5 (60 "C)
Au/toluene Two-step 0.00026 10~20 21 (60°C)
Au/ethanal Two-step 0.6 4 1308
Fe304/H,0 Single-step 4 10 38
Ti0x/H20 Two-step 5 15 30-33
Al;05/H50 Two-step 5 20 20
Al205/EG Two-step 0.05 G0 29
CuO/H,0 Two-step 5 33 115
SiC/H0 Two-step 42 25 159
NCTs/engine oil Two-step 20 20~50 nm 30
NCTs/poly oil Two-step 1.0 25 nm = 50 tm 160
NCTS/EG Two-step 1.0 15% 30 pm 19.6
NCTs/H,0 Two-step 1.0 15%30 pm 70
NCTs/decene Two-step 1.0 15%30 um 127
Ha0/FC-72 Two-step 12 9.8 nm 52

Whilst, synthesis of nanoparticles involves numerous methods that allows synthesize
of various nanostructures with diverse morphologies, sizes, and dimensions using
various chemical and physical strategies. Solution-based methods are very common

and effective ways to prepare various nanostructures with good control of shape,



composition, and reproducibility. The method have relatively low reaction
temperature and suitable for large-scale production. Common solution-based
methods are hydrothermal and chemical precipitation techniques. Besides, various
nanostructures can be generated through the thermal conversion of the precursors. In
this method, the precursors (normally hydroxide or salts like chloride or nitrate) are
reacted with alkaline compounds such as sodium hydroxide. However, the thermal
dehydration of the precursors, is in solid state involving relatively higher treatment
temperature. Next, Electrochemical method is widely used for the preparation of
porous nanoparticles. It uses a two-electrode system. Another method to synthesis
nanoparticles is thermal oxidation. The process of thermal oxidation involves heat
treatment of pure metal substrates in either ambient air or oxygen atmosphere. The
morphology of the grown nanoparticles depends on the oxidation temperature,
growth time and gas flow rate. (Zhang et al., 2014).

In this project, a nanofluid is prepared through a two-step method which involves the
synthesis of cube-shaped nanoparticles and continued by the preparation of nanofluid

using water as base fluid. The compound used in this review is cuprous oxide.

1.2 Problem Statement

The surface area to volume ratio is the amount of surface area per unit volume of an
object or collection of objects. In chemical reactions involving a solid material, the
surface area to volume ratio is an important factor for the reactivity, that is, the rate
at which the chemical reaction will proceed. Hence the greater the surface for the
same volume, the greater the reactivity. As particles get smaller, their surface area to
volume ratio gets larger. With more surface area for the same volume, these small
particles react much faster because more surface area provides more reaction sites for

the same volume, leading to more chemical reactivity.

Surface area of an object can be calculated by multiplying the number of sides with
the length and height of each side. Whilst, the volume of an object can be determined
by multiplying the length, width and height. Table 1.2 describes the comparison of
surface area to volume ratio for different shapes of an object.



TABLE 1.2. Surface area to volume ratio of different shapes of an object

Shape Characteristic Length @ Surface Area Volume SAIV ratio SAIV ratio for unit volume
|
\ 6
Cube side 6a’ a - 6
| a
1 3v6  7.348
Octahedron é side 2v/3a? 5\/5(13 i N —_— 5.72
a a

_ 1 12¢/25+ 10v/5 _ 2.694
Dodecahedron e side 31/25 +10v5a? 4_1(15+ 7\/5)(13 %) i 5.31

(15+7V8)a @

97
Icosahedron @ side 5\/5&2 %(34— \/5)0»3 % ~ ? 5.148

: 4ma® 3
Sphere radius dna? i — 4.836
a

Based on the table above, cube shape has surface area to volume ratio of 6 while for

sphere shape, the surface area to volume ratio is 4.836. This shows that among the
possible shapes, cube shape has the highest surface area to volume ratio for unit

volume.

Besides that, stability of the nanofluid is an important factor that influences the
properties of nanofluids. The agglomeration of nanoparticles results in settlement and
clogging of micro channels hence the thermal conductivity of the nanofluid
decreases. This is due to the thermal conductivity of nanofluids depends on the
stability and homogeneity of the solution and with the cluster formation. Many
methods and techniques for dispersions have been developed to study and analyse
the nanofluid to remain homogeneous and stable for a long period, which are
sedimentation and centrifugation method, zeta potential analysis and spectral
absorbency analysis. There are a few solutions ways to enhance the stability of the
nanofluid which includes the use of surfactants or dispersants. This dispersant will

increase the contact of two materials or known as wettability. (Yu & Xie, 2012)

1.3 Objectives

The objectives of this project are:
i.  To synthesis cube-shaped cuprous oxide nanoparticles
ii.  To determine the size and morphology of the synthesized cuprous oxide

nanoparticles through characterization



iii.  To prepare a stable nanofluid using methanol as base fluid
iv.  To evaluate the thermophysical properties of the nanofluid for heat transfer

enhancement application

1.4 Scope of Study

This project focuses on the study of the nanoparticles’ synthesis and the prepared
nanofluids’ thermophysical properties. The synthesis of cube shape cuprous oxide
nanoparticles involves chemical reaction of used precursor in alkaline condition. The
nanoparticles are characterized through several analysis to determine its size and
morphology. Then, the synthesized cuprous oxide nanoparticles are used to prepare
the nanofluid using water as base fluid. The final product which is the cuprous oxide
nanofluid is evaluated for its thermophysical properties. As a whole, the project
involves experimental work throughout the study of the nanofluid’s properties for

heat transfer applications.



CHAPTER 2
LITERATURE REVIEW

Many researches had been done on the synthesis of different morphologies and sizes
of cuprous oxide nanoparticles for various applications. Several methods with
different experimental parameters including type of precursors, surfactants and
reaction conditions was used to synthesis cuprous oxide nanoparticles. Zhou et al.
(2013), Zhao et al. (2008) and Wu et al. (2014) synthesized cube-shaped copper
oxide nanoparticles using hydrothermal method. Hydrothermal method involves
reaction in a pressurized sealed container and reaction temperature over the critical
point of the solution, where the particles are thermally dehydrated to obtain copper
oxide nanoparticles. Whilst, Sekhar et al. (2012) used chemical precipitation method
which is similar to hydrothermal method but the reaction is conducted in open
container with relatively low reaction temperature. Another method is thermal
oxidation which was done by Park et al. (2014) for ppb-level formaldehyde gas
sensing purpose. There are also new methods were found and applied to synthesis of
copper oxide nanoparticles. In that row, Ghosh et al. (2014) synthesized cube-shaped

mesoporous copper oxide while Goel et al. (2013) prepared copper oxide micro-

cubical structures formation by metal organic chemical vapour deposition.

FIGURE 2.1. Cube-shaped cuprous oxide nanoparticles

Precursors are one of the main component in synthesizing copper oxide nanocubes.
The concentration and volume of the precursor affects the shape and size of the



nanoparticles. One of the precursor used is copper sulphate (CuSOs) solution. Basu
et al. (2011) used 10 milliliters of 0.01 M CuSQg, Sekhar et al. (2012) used 2.5 grams
of CuSO4, Wu et al. (2014) used 0.45 grams of CuSOg, Lin et al. (2014) used 40
milliliters of 0.03 mmol CuSO4 and Zahmakiran et al. (2009) used 20 milliliters of 1
M CuSOs. Another precursor that’s used is copper nitrate (Cu(NO3).) solution. Zhou
et al. (2013) used 2.71 grams of Cu(NOz)2 and Zhao et al. (2008) used 30 milliliters
of 0.05 M Cu(NOz3).. Besides, many researchers have also shown interest in the use
of copper chloride (CuCly) solution as a precursor. Hua et al. (2011) and Bao et al.
(2010) used 50 milliliters of 0.01 M CuClz, Hu et al. (2012) used 50 milliliters of 0.1
M CuCl; and Sharma et al. (2013) used 10 milliliters of 2.93 M CuCl,. Besides,
copper acetate (Cu(CH3COO)>) solution can also be used as one of the precursors for
the synthesis of copper oxide nanoparticles. Cao et al. (2014) used 16.0 milliliters of
0.005 M Cu(CH3COO)2, Zhu et al. (2008) used 300 milliliters of 0.02M
Cu(CH3CO0)2 and Ma et al. (2010) used 2.3 mmol of Cu(CH3sCOO)..

In several studies, the authors had used surfactants as part of their experimental
procedure. According to Zhang et al. (2014), surfactants can reduce the interfacial
tension between the crystallizing phase and the surrounding solutions, which strongly
affects the growth rate and orientation of the crystals. Zhang et al. (2009) and Li et
al. (2013) used Polyvinylpyrrolidone (PVP) as a surfactant while Wu et al. (2014)
used Sodium dodecyl sulphate (SDS). Next, Ahmed et al. (2011) and Sharma et al.
(2013) used Cetyltrimethylammonium bromide (CTAB) as a surfactant.

The size of the copper oxide nanoparticles varies from 30 to 800 nanometers. Park et
al. (2014), Zhou et al. (2013), Zhao et al. (2008) and Sekhar et al. (2012) synthesized
small range of nanoparticle’s size which is below 100 nanometres. Whilst, in studies
conducted by Huang et al. (2008), Li et al. (2013), Ma et al. (2010), Hu et al. (2012)
and Lin et al. (2014), the size of nanoparticle ranges from 100 to 500 nanometers.
Next, Goel et al. (2013), Basu et al. (2011), Wu et al. (2014) and Sharma et al.
(2013) successfully synthesized cube-shaped copper oxide nanoparticle with size

ranging from 500 to 800 nanometers.



FIGURE 2.2. Copper oxide nanoparticle's size of 200 and 500 nanometers

In addition, preparation of cuprous oxide nanofluids has been a common interest
among the researchers. Kumaresan et al. (2014) prepared a stable Cu>O/Distilled
water nanofluid, confirmed through the Zeta potential test. A stability test was
conducted by keeping the prepared nanofluid statically for 60 days and no separation
line was found between the nanoparticles and water. In Kumaresan et al. (2014)
study, the mixture of cuprous oxide and distilled water is kept in an ultrasonic
homogenizer at 40 kHz frequency for 60 min duration resulting in uniformly
dispersed and good stability. No separation line was found in the nanofluid based on
the sedimentation test conducted for 30 days. Besides, Sarafraz et al. (2014) prepared
a stable cuprous oxide nanofluid through pH control method and by adding
surfactant (sodium dodecyl sulphate (SDS)). The pH value was set at 10.2 while
stirring and ultrasonic sonication at 24 kHz were also employed to enhance the
stability of nanofluid. At about 1080 hours, the nanofluids were stable without any
significant deposition. Sundar et al. (2013) used base fluid of 50:50% volume
concentration of ethylene glycol and water. It has shown good stability of cuprous

oxide nanofluid that has zeta potential more than 20 mV at pH=1 and 11.

Numerous studies has been carried out for the evaluation of nanofluid’s
thermophysical properties. The theoretical models that can be used to predict the

effective thermal conductivity of the solid—liquid mixture as given below.

a) Maxwell model for solid-liquid mixtures of relatively large particles (micro-
/mini- size) and low solid concentrations.
k, + 2kp + 2(kp, — kp)®
Ker? = T ¥ 2ky — Gy — Kp)D 0
p b — (kp = kp)




b) Bruggeman model for a binary mixture of homogeneous spherical inclusions.

k,— k k, — k
) AL +(1_@)b—eff =0
kp+ Zkeff kp + Zkeff

c) Hamilton and Crosser model for ratio of conductivity of the solid and fluid
phases is larger than 100 (kp/kb > 100)
oy = ky+ (n—Dky— (n—1)(ky — k)0
ky+ (n— Dk, + (ky — k)0

b

d) Wasp model for special case of Hamilton and Crosser’s model with y =1

MUK, + 2Ky + o(Kyr — Kp)

In a study conducted by (Kavitha, Rajendran, Durairajan, and Shanmugam (2012)), a
summary of measured thermal conductivity of different nanofluid systems has been

done, as in below table.



TABLE 2.1. Thermal conductivity of different nanofluid systems

Reference Base fluid Nano Size of Maximum Maximum
particle Nano Concentration Enhancement
particle (vol %) ink (%)
Masuda et al Water A1203 13nm 43 30
Eastman et al Water A1203 33nm 5 30
Water Cul 36nm 5 60
Pump oil Cu 35nm 0.055 45
Pak et al Water A1203 13nm 4.3 32
Water TiO2 27Tnm 4.35 10.7
Wang ct al Water A1203 28nm 4.5 14
Ethylene Glycol A1203 28nm 8 40
Pump Oil A1203 28nm 7 20
Engine Oil A1203 28nm 7.5 30
Water Cu0 23nm 10 35
Ethylene Glycol CuQ 23nm 15 55
Leeetal Water A1203 24.4nm 4.3 10
Ethylene Glycol A1203 24.4nm 5 20
Water Cu0 18.6nm 4.3 10
Ethylene Glycol CuO 18.6nm 4 20
Das et al Water A1203 38nm 4 25
Water Cu0 28.6nm 4 36
Xie et al Water Al1203 60nm 35 20
Ethylene Glycol A1203 60nm 5 30
Decene MWCNTs 1 20
Liu et al Synthetic oil MWCNTs 2 30
Ethylene Glveol MWCNTs 1 12.4

Figure 2.3 and 2.4 shows the experiment conducted by Peyghambarzadeh et al.
(2013) where the relationship between viscosity and temperature is determined. The
higher the temperature, the lower the viscosity of the copper oxide nanofluid. While,

in the experiment by Li et al. (2009), the enhanced thermal conductivity values are

determined for different types of copper oxide nanofluid.
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CHAPTER 3
METHODOLOGY AND PROJECT WORK

3.1 Synthesis of Cuprous Oxide Nanoparticles

In this project, facile synthesis method was used to produce cube-shaped cuprous
oxide nanoparticles. Five different bases were used to synthesis the nanoparticles in
order to study the reactivity mechanism while copper chloride (CuCl2) was used as
the precursor and distilled water as the medium. The mentioned bases are sodium
hydroxide (NaOH), sodium bicarbonate (NaHCOs3), potassium hydroxide (KOH),
ammonium hydroxide (NHsOH) and ammonium acetate (C2H3O2NH.). In a typical
method, firstly, 10.0 mL of 0.1M CuCl; and 30 mL of 0.2M sodium hydroxide
(NaOH) were added into 200 mL of distilled water. The solution was left to stir for
10 minutes at room temperature. Following that, 20 mL of 0.1M L-ascorbic acid was
added dropwise into the solution and further stirred for two hours under room
temperature. The resulting precipitate was centrifuged for 10 minutes under 4000rpm
followed by washing with distilled water for several times. Finally, the precipitate
was dried in vacuum oven at 50°C for one hour. Figure 3.1 illustrates the colour
change of the solution throughout the experiment. The solution was in blue colour
when copper chloride and base liquid were added into the distilled water while it
turns into pale green once the L-ascorbic acid was added. The solution turns into

orange colour in the first hour of experiment and slowly into brown colour in the

next hour indicating the formation of cuprous oxide.

FIGURE 3.1. The solution's colour change throughout the experiment

12



3.2 Characterization of Synthesized Nanoparticles

A number of analysis were conducted to characterize and study on the properties of
synthesized cuprous oxide nanoparticles. In order to determine the morphology and
size of the nanoparticles, Transmission Electron Microscope (TEM) (Model: Zeiss
Libra 200) was used. The products were dispersed into ethanol and kept under
ultrasonication for one hour and placed onto a carbon copper grid after 24 hours. The
additional structural details were further studied by Selected-Area Electron
Diffraction (SAED). Next, images using Variable Pressure Field Emission Scanning
Electron Microscope (VPFESEM) (Model: Zeiss Supra55 VVP) were taken to further
study on the structure of the synthesized nanoparticles. The Raman spectra were
collected through a Raman spectrometer (Model: Horiba JobinYvonHR800) to
investigate the structural formation of the products.

3.3 Preparation of Nanofluid and Evaluation of Thermophysical Properties

The nanofluid samples were prepared according to the base used to synthesize the
cuprous oxide nanoparticles. To prepare the nanofluid, synthesized cuprous oxide
nanoparticles were dispersed into the base fluid which is methanol and kept under
ultrasonication with 45 kHz frequency for a duration of one hour. A stability test was
conducted by keeping the prepared nanofluid statically for 30 days. Two parameters
which are temperature and concentration were used to study on the nanofluid’s
thermophysical properties which includes thermal conductivity, viscosity and
density. The temperature was set at 5°C, 10°C, 15°C, 20°C and 25°C while the
concentration ranges from 0.05, 0.10, 0.15, 0.30 and 0.50 volume percent (%). The

volume concentration of the solution was calculated using below equation.

rrlnp/pnp )

Volume concentration, @ = <
mnp/pnp + rnbf/pbf

Figure 3.2(a) shows the measurement of the thermal conductivity of the nanofluid

using a KD2 Pro thermal properties analyzer by immersing the probe connected to

the device into the nanofluid. While, Figure 3.2(b) shows the measurement of density

13



evaluated using Mettler Toledo DM40 density meter. The viscosity of the nanofluid

was determined using a Brookfield CAP 2000+ viscometer.

FIGURE 3.2. (a) KD2 Prometer, (b) Density meter and (c) Viscometer

3.4 Project Activities

The flow of the project is divided into five divisions. Figure 3.3 describes the five
divisions which starts from the identification of the problem statement and objectives
of the project. Following that, a thorough literature review was done and the best
methodology and solution was designed. The results and data were collected and
analyzed accordingly and proper documentation was completed.

14



roblem Statement and Objectives

Identifying the purpose of conducting this
project

iterature Review
eading and collecting information as much as
ossible from different sources regarding the
project
xperiment Methodology and Design
Deciding the experimental method, materials

nd procedures needed in order to conduct this
project

he data of the experiment is collected and
interpreted critically. The result will then
analysed and discussed.

ocumentation and Re

Il the findings in this report will be
documented and reported. Conclusion and
recommendation will be made by the end of
the project.

FIGURE 3.3. The five divisions under the flow of the project
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3.5 Gantt Chart

WEEKS
ACTIVITIES FINAL YEAR PROJECT 1 FINAL YEAR PROJECT 2
4516|789 f10f11[12[13[14(1 4 [5[6[7[8[9]10]11]|12[13] 14
Introductory Lecture with
The Coordinator
Selection of Project Title
First Meeting with
Supervisor
Literature Review
Selection of Model
Compound
Selection of Methodology
Preparation and Submission o
of Extended proposal
Preparation of Proposal
Defense
Proposal Defense O
Experimental Work
Commences
Preparation of Interim Draft
Report
Completion and Submission o
of Interim Report
Sample Testing
Preparation and Submission %
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of Progress Report

Analysing the results

Pre-SEDEX

Preparation and Submission
of Draft Final Report

Completion and Submission

of Project Dissertation (Soft 0
Bound)
Preparation and Submission o

of Technical Paper

Preparation for Viva

Completion and Submission
of Project Dissertation
(Hard Bound)
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3.6 Key Milestone

FYP | Date Start | Date End | Period Milestones
20/1/2015 | 20/1/2015 1 day Selected the tltle_ for the research
project.
Completed writing the extended
30/1/2015 | 27/1/2015 | 4 week | proposal report and submitted to the
supervisor to be reviewed.
FYP Made correction to the extended
| 2/3/2015 4/3/2015 3 days | proposal report and submitted to the
supervisor to be evaluated.
3/3/2015 | 18/3/2015 | 2 weeks Completed and presented Proposal
Defense.
11/3/2015 | 8/4/2015 | 4weeks |  COMPleted the interim report
writing.
18/5/201 | 15/6/2015 | 4weeks | COmpleted synthesis of cuprous
oxide nanoparticles.
FYP ot
I 15/6/2015 | 6/7/2015 | 3 weeks Characterization procedure.
Completed experiment for
29/6/2015 | 27/7/2015 | 4 weeks nanofluid and evaluation of
thermophysical properties.
24/7/2015 | 21/8/2015 | 4 weeks |  COMPleted and submission of
project dissertation.
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CHAPTER 4
RESULTS AND DISCUSSION

The cuprous oxide nanoparticles were synthesized using five different bases at room
temperature and stirred for 120 minutes. Characterization of the synthesized
nanoparticles were performed using TEM and FESEM while Raman analysis were
performed to analyze the structural formation. The thermophysical properties of the

nanofluid including thermal conductivity, density and viscosity were measured.

4.1 Characterization of Cuprous Oxide Nanoparticles
4.1.1 TEM Images

Figure 4.1 illustrates the TEM images obtained for all samples of synthesised
cuprous oxide nanoparticles. Figure 4.1(a) represents the cube shape of cuprous
oxide nanoparticles prepared using sodium hydroxide and the average size of the
particles were 62.33 nanometers. While, Figure 4.1(b) and (c) depicts the resultant
cuprous oxide nanocages which was prepared using sodium bicarbonate. The white
spots on the cubes indicates hollow structure of the nanoparticles with an average
size of 819.34 nanometers. Figure 4.1(d) illustrates the cuprous oxide nanoparticles
synthesized using potassium hydroxide. The particles have a curvy-edged cube shape
and were 78.82 nanometers in size. Next, the TEM image shown in Figure 4.1(e)
refers to the cuprous oxide nanoparticles prepared using ammonium hydroxide. The
cube shaped nanoparticles have an average size of 59.97 nanometers. The final
image which is Figure 4.1(f) illustrates the TEM image of sample prepared using
ammonium acetate. The cuprous oxide nanoparticles were in cube shape and 137.80
nanometers in size. It can be concluded that the sample prepared using ammonium

hydroxide have the smallest size.
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200 nm

FIGURE 4.1. TEM images of cuprous oxide nanoparticles prepared using different
bases
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4.1.2 SEM Images

Analysis using Scanning Electron Microscope (SEM) was performed to further
analyze the morphology of the synthesized cuprous oxide nanoparticles. Figure
4.2(a) illustrates the cube shaped cuprous oxide nanoparticles prepared using sodium
hydroxide. Whereas, Figure 4.2(b) and (c) represents the images of cuprous oxide
prepared using sodium bicarbonate. A hollow structure of the cuprous oxide were
observed. Figure 4.2(d) and (e) refers to image of cuprous oxide synthesized using
potassium hydroxide and ammonium hydroxide respectively. The nanoparticles
prepared using ammonium hydroxide have a sharp edged cube shape and were
agglomerated. Figure 4.2(f) represents the image of cuprous oxide prepared using
ammonium acetate. It can be seen that the particles vary in sizes and some were

attached to each other.

As the cuprous oxide nanoparticles prepared using sodium bicarbonate have porous
structure, the nucleation and growth process of the hollow structure were studied by
varying the stirring time factor. Figure 4.3(a), (b), (c), (d), (e) and (f) shows the
FESEM images taken at stirring time of 10, 30, 90, 120, 180 and 300 minutes. At
30" minute, it can be observed that eight cubes of nanoparticles bonds to each other
and at 120" minute, the formation of the hollow structure begins from the center of
the attached nanoparticles. The porous structure continues to grow and at 180"
minute, the particles starts to split into smaller particles until the 300" minute.

Energy Dispersive X-Ray (EDX) analysis were performed to determine the
components in the samples prepared. Table 4.1 represents the weight and atomic
percent of the copper and oxygen elements present in the samples prepared. While,
Figure 4.4 describes the spectrum obtained from the analysis indicating the presence

of copper and oxygen element in the samples.

TABLE 4.1. Weight and atomic percent of copper and oxygen element in the sample

Element | Weight% | Atomic%
@) 19.16 48.49
Cu 80.84 51.51
Total 100.00
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FIGURE 4.2. FESEM images of cuprous oxide nanoparticles prepared using
different bases
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FIGURE 4.3. FESEM images of cuprous oxide nanoparticles prepared by sodium
bicarbonate at different stirring time

23



aly Spectrum 1

Zu

| L

rrr+1r+rrrrrr 1 +TYT+ 4+ r 1 +r 111111
[l ) 4 E g 10 12 14 16 18 20
Full Scale 3422 ctz Cursor: 0.000 ke

FIGURE 4.4. EDX spectrum indicating the presence of copper and oxygen elements

4.1.3 RAMAN Analysis

The structural formation of the cuprous oxide nanoparticles were studied by Raman
scattering. Figure 4.5 shows the Raman spectrum of the cuprous oxide nanoparticles.
The Raman spectrums of the samples describe the characteristic phonon frequencies
of the crystalline cuprous oxide. The strong peak at 209 cm™ originated from the
second-order Raman-allowed mode of the cuprous oxide crystals. The peak at 128
cm ! is assigned to the inactive Raman mode. While, the peak at 172 cm™ may be
attributed to Raman scattering from phonons of symmetry. The weak peak at 409
cm* correspond to the second-order overtone. The peak at 615 cm™ is attributed to
the infrared-allowed mode. The characteristic peaks of CuO under the same
experimental conditions at 330 and 602 cm™ could not be detected. Hence, all

samples contain pure cuprous oxide without copper oxide impurities.

Figure 4.6 represents the Raman spectrums for the hollow structured cuprous oxide
nanoparticles. Comparing both spectrums, strong peaks can be observed at 180"

minutes of stirring indicating the presence of cuprous oxide particles.
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4.2 Evaluation of Thermophysical Properties of Nanofluid
4.2.1 Thermal Conductivity of Nanofluid

The thermal conductivity of the nanofluid were measured for each sample using KD2
Pro thermal analyzer for two parameters which are temperature and concentration.
Figure 4.7 represents the thermal conductivity for different temperatures. As the
temperature increases, the thermal conductivity of all samples increases too. Among
them, cuprous oxide nanofluid which was prepared using potassium hydroxide yields
the highest thermal conductivity which is 0.1305 W/m.K at 25°C. While, Figure 4.8
shows the thermal conductivity values at different temperatures. It is observed that as
the concentration increases, the thermal conductivity of the nanofluid increases as
well. The experimental values were compared with the values obtained from the
reference, Nader et al. (2014). The experimental thermal conductivity values are
higher at low concentration compared to the reference values. The highest value

obtained is 1.306 W/m.K at 0.5 volume percent.

0.150
) A
E 0125} Aé'
z A a—"
Z ;
s _ m
S 0/0/0 C2H302NH,
o oV NH,OH
s v
E 0.075 |- KOH
St
= NaHCO;
[

NaOH
0.050 L L L L L
0 5 10 15 20 25 30
o
Temperature ( C)

FIGURE 4.7. Thermal conductivity of the nanofluid at different temperatures

26



2.0

N>
=
= 15F
3
£
2 € Experimental Value
~—
g 10}k ® Nader et al. [Ref.1]
=
=
S
@)
=
£ 05 F
=
%}
=
B 0O —@

O'o L L L

0.0 0.5 1.0 1.5 2.0

Concentration (wt. %)

FIGURE 4.8. Thermal conductivity of the nanofluid at different concentrations

4.2.2 Viscosity of Nanofluid

The viscosity of the nanofluid are measured using a viscometer at different
temperatures and concentrations. Figure 4.9 shows the viscosity of the nanofluid at
different temperatures. As the temperature increases, the viscosity of the nanofluid
decreases. Cuprous oxide nanofluid prepared by ammonium acetate has the lowest
viscosity which is 559.3 centiPoise at 25 °C. However, in Figure 4.10 which
represents the viscosity of nanofluid at different concentrations, shows that the
viscosity increases as the concentrations increases. Comparing the experimental
values with the values obtained from the reference, it is observed that the
experimental viscosity values are higher at low concentration compared to the

reference values.
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FIGURE 4.10. Viscosity of the nanofluid at different concentrations
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4.2.3 Density of Nanofluid

The density of the nanofluid are measured using a density meter at different
temperatures and concentrations. Figure 4.12 shows the density of the nanofluid at
different temperatures. As the temperature increases, the density of the nanofluid
decreases. Cuprous oxide nanofluid prepared by ammonium acetate has the lowest
density which is 0.079 g/cm? at 25 °C. Whereas, in Figure 4.12 which represents the
density of nanofluid at different concentrations, shows that the density increases as

the concentrations increases due to its increasing mass of nanoparticles in the

nanofluid.
0.10
A CoH30:NH,
= —a NH.OH
0.09 | _\A KOH
TT—a_ —a NaHCO
~ \ :
3] E 0 08 ® -s NaOH
L : B A
S0 \. m
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°®
0.06 | \‘
0.05 o [ o [ o [ o [ o [ o
0 5 10 15 20 25 30

(1)
Temperature ( C)

FIGURE 4.11. Density of the nanofluid at different temperatures
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FIGURE 4.12. Density of the nanofluid at different concentrations

The nanofluids prepared using different bases have different thermophysical
properties including the thermal conductivity, viscosity and density. Table 4.2
summarizes the properties of the synthesized cuprous oxide nanoparticles and its
thermophysical properties.

TABLE 4.2. Summary of the cuprous oxide nanofluid's properties

Average Thermal

Particle Size conductivity Viscosity DEnE

K]

(nm) (W/m.K) (cP) (g/cm)
NaOH 62.33 0.1260 729.3 0.077
NaHCO, 819.34 0.1005 592.8 0.064
KOH 78.82 0.1305 751.9 0.079
M) el 59.97 0.0960 567.6 0.062
EAE N, 137.80 0.0945 559.3 0.061
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CHAPTER 5
CONCLUSION AND RECOMMENDATION

The objective of this project is to synthesize cube-shaped cuprous oxide
nanoparticles and to prepare a stable nanofluid which has enhanced thermophysical
properties. A two-step method was used where the cuprous oxide nanoparticles were
synthesized using five different bases and copper chloride as a precursor followed by
the preparation of cuprous oxide nanofluid using methanol as base fluid. Several
analysis were performed to analyze the size and morphology of the nanoparticles
which includes TEM, FESEM and Raman. TEM images depicts the cube shaped
cuprous oxide nanoparticles which sizes ranging from 59.97 — 819.34 nanometer.
The sample prepared using ammonium hydroxide gives the smallest size of
nanoparticles while sample prepared using sodium bicarbonate gives porous
structures of cuprous oxide. Using the synthesized nanoparticles, nanofluid were
prepared under ultrasonication. The thermophysical properties which are thermal
conductivity, viscosity and density are measured using KD2 Pro thermal analyzer,
viscometer and density meter respectively. The thermal conductivity values increases
as the temperature and concentration increases. Whereas, the viscosity and density
values decreases as the temperature increases. Cuprous oxide nanoparticles prepared
by potassium hydroxide yields higher thermal conductivity values. The enhanced
thermophysical properties proves that the cuprous oxide nanofluid have high
potential for heat transfer applications. Hence, the objectives of the project are met.

For the future work of the project, further analysis on the thermophysical properties
should be done. Other properties including specific heat of the nanofluid should be
evaluated. The range of the temperatures and concentration should be increased too.
Besides that, the hollow structure of the cuprous oxide nanoparticles should be
further studied in detail. Besides sodium bicarbonate, other chemicals such as
potassium bicarbonate and ammonium bicarbonate should be used to analyze the

nucleation process of the hollow structure.
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Appendix 1: Literature Review
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Mehmet 7.9 mg of 0.02 mmol
Zahmakiran. Saim preparation and characterization Reduction Na3P0O4-12H20 + 20 Mean
17 ” ’ of water dispersible CuS04.5H20 mL of 1 mM CuSO4 + diameter of
Ozkar, Tetsuya . method
! . photoluminescent Cu20 2 mL of 100 mM 1.6+0.8 nm
Kodaira, Toru Shiom
nanocubes NaBH4
5.0 mL of 0.1M CuClI2
Qiyan Hua, Fenyun Cu20-Au nanocomposites for . +15.0ml of 0.2M
: Facile NaOH + 200 mL
18 | Wangb, Zhen Fangb, enzyme-free glucose sensing CuCl2 I 100nm
; X . method distilled water + 10.0-
Xiaowang Liu with enhanced performances :
mL of 0.1M l-ascorbic
acid
. Mixed
. . 3 ml of edible honey +
Mokhtar Al Naresh Honey aided solution synthesis SOIUt'O.n 1.705 g of CuCI2.2H20 morpho_logy
19 | Kumar Rotte, Vadali X ; synthesis CuCl2.2H20 (spherical,
. of polycrystalline Cu20 particles + 2 g of NaOH + 50 ml .
V.S.S. Srikanth process - pyramidal and
of distilled water :
cuboidal)
10 ml of 2.93M CuClI2
Poonam Sharma Microscopic investigations of + 10 ml of 13.75M
20 Shatendra K Sharr’na Cu20 nanostructures N/A CuCl2 NaGH + 10 ml of 500nm
' 2.74M CTAB + 5ml of
2M N2H4
Li-Li Maa, Jia-Lin | Self-assembled Cu20 flowerlike
Li, Hai-Zhen Sun architecture: Polyol synthesis 2.3 mmol of _100nm
. . . . 2 ’ Polyol Cu(CH3COO0)2.H | Cu(CH3C0O0)2.H20 + | Thickness of
21 Ming-Qiang Qi, photocatalytic activity and
. . . , process 20 50ml of DEG + 2.5ml less than 15
Jian-Bo Wang, Jin- stability under simulated solar of distilled water nm
Yi Chene, Ying Yu light
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0.3-5.4 g of PVP +
0.15g of CuSO4 + 18

Binjie Li, Yuanyuan Shape-controlled synthesis of mL of deionized water ?;?le ilr?n?cﬁgr:qs
22 Li, Yanbao Zhaon, Cu20 nano/microcrystals and N/A CusO4 +2mL of 0.6M sodium 150%1mgto 600
Lei Sun their antibacterial activity citrate + 0.6M sodium
nm
carbonate + 1mL of
0.7-2.8 M glucose
Average edge
Yueli Wena, Wei length of 15
Huanga, Bin Wanga, Svnthesis of Cu nanoparticles for 0.13 or 0.67 mol nm, with a
23 Jinchuan Fana, y leraescale ore ;’raﬁon N/A Cu(NO3)2.3H20 | Cu(NO)3 + 1000 mL standard
Zhihua Gaoa, Lihua g prep DEA deviation of
Yin the length of 5
nm
Broken cubes
Lei Huana. Fen Synthesis of Cu20 nanoboxes, 0.005 mol or spheres
g, "eng nanocubes and nanospheres by Reduction | Cu(CH3COO0)2.H | Cu(CH3C00)2.H20 + were
24 Peng, Hao Yu, ;
A polyol process and their method 20 100 ml EG + 0.2 mmol observed,
Hongjuan Wang ) . -
adsorption characteristic PVP average size
of 100 nm
CAO Yan, WANG | Morphology control of ultrafine Reduction 1.0 mol/L CuS0O4 + 5.0
25 Yue-jun, ZHOU cuprous oxide powder and its method CuSO4 mol/L NaOH + 2.0 1 micrometer

Kang-gen, Bl Zhen

growth mechanism

mol/L glucose

41




