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ABSTRACT 

 

  Industry nowadays has been focusing on nanofluids to be the next cooling 

agent on improving the cooling processes due to its special characteristic upon thermal 

conductivity. This study was proposed due to the cooling agents problems in practical 

application especially in thermal conductivity. The objective is  to prepare stable nanofluids 

consist of carbon nanotubes based fluids with the addition of surfactant also analyzing and 

investigating the thermal conductivity of the nanofluids. In this research, functionalized multi-

walled carbon nanotubes (fMWCNT) is used as the nanoparticles, deionized water as the base 

fluids and the addition of  Polyvinylpyrrolidone (PVP) as the surfactant to enhance the 

stability of the nanofluids. The samples are formulated with different weight percentages    

(0.1 wt% - 1.0 wt%) of fMWCNT and 10% of PVP in order to analyze thermal conductivity 

performance. All the samples (NF01-NF10) were tested for thermal conductivity at an 

increment of 1°C temperatures starting from 6°C up to 40°C. The thermal conductivity 

enhancement of nanofluids  is compared to the thermal conductivity of standard deionized 

water and results showed that the thermal conductivity increased with the addition of 

nanoparticles into the base fluids. Based on the results, the highest thermal conductivity 

enhancement was recorded for 31.51% (1.0 wt% of CNT) at 40°C. 
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ABSTRAK 

 

 Industri pada masa kini semakin fokus kepada bendalir nano untuk menjadi ejen 

penyejukan yang baru dan boleh menambahbaik  proses penyejukan cecair kerana ciri-ciri 

kekonduksian terma khas yang ada padanya. Kajian ini dihasilkan kerana terdapat masalah 

ejen penyejukan pada aplikasi praktikal terutama kekonduksian terma. Objektif kajian adalah  

untuk menghasilkan bendalir asas yang mengandungi bendalir nano yang stabil dengan 

tambahan surfaktan disamping mengkaji dan menganalisa kekonduksian terma oleh bendalir 

asas. Kajian ini menggunakan zarah nano jenis Tiub Nano Karbon Berbilang Dinding yang 

berfungsi (fMWCNT) dan kestabilannya telah meningkat dengan adanya kumpulan fungsi 

hidroksil pada permukaannya. Selain itu, bendalir asas yang digunakan adalah air ternyah ion 

ditambah dengan Polivinilpirrolidon (PVP) sebagai surfaktan untuk menambah kestabilan 

yang lebih jitu. Sampel-sampel ini diformulasikan dengan pelbagai peratusan berat (0.1wt%-

1.0wt%)  fMWCNT dan 10% PVP untuk menganalisa kekonduksian terma. Semua sampel            

(NF01-NF10)  diuji pada setiap suhu bermula pada 6°C sehingga 40°C. Peningkatan prestasi 

daya pengaliran terma bendalir nano dibandingkan dengan kekonduksian terma piawai air 

ternyah ion. Berdasarkan kepada hasil kajian, pengaliran terma piawai air ternyah ion yang 

terbaik dicatatkan adalah pada 31.51% (1.0wt%  CNT) pada suhu 40°C.  
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CHAPTER 1 

 

INTRODUCTION 

 

1.0 Introduction 

 

 Nowadays, nanotechnology has been a highlight for worldwide researcher  for the 

technology development in every industry. The development is critical and every industry 

seems like doing further research in nanotechnology field. 

 The terms 'nano particles' comes from its particle sizes as the diameter is less than 100 

nm and can be as thin as one or two nm. Carbon nanotubes (CNT) is labelled as the 

nanotechnology  and its advantages can be applied to a wide range of applications including 

chemical processing, energy management, material science, electronic and automotive. The 

CNT can be a very good conductor, hundreds time better than conductor used in many 

application these days  such as copper. This is because the structural properties that can be 

change according to the design and chemical group besides its molecules can be manipulated 

both chemically and physically such as structure modification to optimize the dispersion and 

solubility due to the richness of the element as the pure carbon polymers.   

 CNT nanoparticles can be dispersed in the various types of based fluids including 

engine oil, water, ethylene glycol and known as nanofluids once it mixed together and the 

nanofluids are very useful in the engineering applications. 
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1.1 Problem statement 

  

Water is a conventional fluid which normally used as coolant in industries around the 

world. However, the thermal property like thermal conductivity of water is low but this 

problem can be solve in an effective way with addition of carbon nanotubes. CNT which have 

a higher thermal conductivity can enhance or increase the thermal conductivity of the water.   

In addition, the smaller size of the CNT also resulting to a better dispersion in water thus it is 

easier to obtain the stable  nanofluids.  As the Multi-walled Carbon Nanotube (MWCNT) have 

hydrophobic surface area, the surfactant such as Polyvinylpyrrolidone (PVP) have to be added 

to get the better stability. Even though  the PVP is added, the problem still occurs because of 

the presence of hydrophobic solvent will affects the self-arrangement of the surfactant and this 

can results the porous microstructures. Therefore, in order to overcome this problem, the 

functional group such as COOH (carboxyl group) and OH ( hydroxyl group) are crucial on the 

MWCNT surface area as to avoid the surfactant self- arrangement. Hence, this research are 

focused on the functionalized MWCNT being merged and dispersed into the based fluids as 

nanofluids thus to investigating the thermal conductivity performance . 

 

1.2 Objectives 

 

i. To prepare stable nanofluids consists of fMWCNT in water-based fluids with the 

addition of surfactant. 

ii. To analyse and investigate the thermal conductivity. 
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1.3 Scope of research 

 

i. To prepare the formulation of the nanofluids sample as it consist of fMWCNT, 

PVP (polyvinylpyrrolidone) as the surfactant and deionized water (DI) as the 

based fluids. 

ii. To identify and improve the homogeneity and stability of the nanofluids 

through homogenizing and ultrasonicating processes. 

iii. To conduct the thermal conductivity test for all the stable samples at an 

increment of 1°C starting from 6 °C up to 40 °C. 

 

 

 

  

 

 

 

 

 

 

 

 

 

  



IMRAN SYAKIR

 
 

4 
 

 

CHAPTER 2 

 

LITERATURE REVIEW 

 

2.0 Introduction 

 

 Nanotechnology keeps gaining attention of the scientist around the world. It has a lot 

of potential that can be explored and the application of the nanotechnology can be widen even 

though the current research on nanotechnology nowadays focusing more on micro electric 

application and microprocessor. The conventional fluids ability to conduct heat is significantly 

inferior to solids. Initial experiments involved by adding solid particles with more desirable 

properties to the base fluid under the hypothesis that the overall mixtures thermal behaviour 

would be more favourable. Although in some cases enhancement was observed, for reasons 

behind it did not prove to be of any practical use until the technology's recent ability to 

manufacture the nanoparticles. Thus, the  nanofluids become more compromising in term of 

the potential and its application. 
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2.1 Carbon Nanotubes 

            The past research showed that the carbon nanotubes have very high thermal 

conductivity compared to diamond crystal and in-plane graphite sheet. Carbon nanotubes are 

molecular-scale tubes of graphitic carbon with outstanding properties. The bonding in carbon 

nanotubes is [sp²], with each atom joined to three neighbors, as in graphite. The tubes can 

therefore be considered as rolled up graphene sheets (graphene is an individual graphite layer) 

In addition, nanotubes bundles show very similar properties for example the graphite crystal 

have dramatic difference in thermal conductivities along different crystal axis.  

 

            The enhancement of thermal conductivity of carbon nanotubes was higher than those 

predicted for conventional models. It found that the Brownian motion (the random movement 

of microscopic particles suspended in a liquid or gas, caused by collisions with molecules of 

the surrounding medium) of nano particles at the molecular and nano scale level can affect the 

thermal behaviour of carbon nanotubes. The increment of Brownian motion of the nano 

particles can be prove by the increase in volume fraction and heat. 

 

              Carbon-based materials such as diamond and in-plane graphite, display the highest 

measured thermal conductivity of any known material at moderate temperatures. Based on M. 

S. Dresselhaus et. al (2004) , carbon nanotubes (CNTs) are tubular structures that are typically 

of nanometer diameter and many micrometres in length. It showed in Figure 2.1.   
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Figure 2.1: CNT‟s 

(Source: K.W.Guo et al, 2015) 

 

             Apart from the well-known graphite, carbon can build closed and open cages with 

honeycomb atomic arrangement. This fascinating new class of materials was first observed by 

Endo (1975), and later by Iijima (1991) in the soot produced in the arc-discharge synthesis of 

fullerenes or in simple words, form of carbon having a large spheroidal molecule consisting of 

a hollow cage of atoms. Carbon nanotubes consist of rolled graphene sheets built from 

hybridized carbon atoms. Based on Figure 2.2, it shows an individual layer of carbon called 

graphene and work mechanism of the carbon to form a carbon nanotube. In addition, carbon 

nanotubes can be categorized as single walled carbon nanotubes (SWCNTs) and multi-walled 

carbon nanotubes (MWCNTs) and Figure 2.3 showed both SWCNT and MWCNT sizes. 
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Figure 2.2: Schematic of an individual layer of carbon called graphene and work mechanism 

of the carbon to form CNTs  

(Source:M.Endo, 2004) 

 

Figure 2.3:(a) SWCNT and (b) MWCNT sizes. 

(Source: A.Penn, 2014) 
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2.1.1 Single-Walled Carbon Nanotubes  

               Most single-walled nanotubes (SWNT) have a diameter of close to 1 nanometer, with 

a tube length that can be many millions of times longer. The structure of a SWNT can be 

conceptualized by wrapping a one-atom-thick layer of graphite called graphene into a 

seamless cylinder. In the Figure 2.4, it shows SWCNT. 

 

 

Figure 2.4: Single-walled carbon nanotube structure 

  

             Single-walled nanotubes are an important variety of carbon nanotube because they 

exhibit electric properties that are not shared by the multi-walled carbon nanotube (MWNT) 

variants. 
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2.1.2 Multi-Walled Carbon Nanotubes  

 Multi-walled carbon nanotubes (MWCNT) consist of multiple rolled layers 

(concentric tubes) of graphite. Such cylindrical graphitic polymeric structures have novel or 

improved properties that make them potentially useful in a wide variety of applications in 

electronics, optics and other fields of materials science (A. Hajar, et. al 2009). Multi-walled 

nanotubes are multiple concentric nanotubes precisely nested within one another. 

 

              Carbon nanotubes are endowed with exceptionally high material properties, very 

close to their theoretical limits, such as electrical and thermal conductivity, strength, stiffness, 

and toughness. Moreover, MWCNTs are polymers of pure carbon and can be reacted and 

manipulated using the rich chemistry of carbon. On the Figure 2.5, it shows the structure of 

multiwalled carbon nanotube. 

 

Figure 2.5: Multiwalled carbon nanotube (MWCNT) structure 

(Source: Bayer Material Science) 
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2.1.2.1 Functionalized Multi-Walled Carbon Nanotube (fMWCNT) 

  

 In recent years, the problem of heat dissipation with features and strengthening 

functions of products has become more significant. Many approaches can improve the cooling 

system performance. The most feasible one is to enhance the heat transfer (dissipation) 

performance through the working fluid without modifying the mechanical designs or key 

components of the system. In order to enhance the heat dissipation, functionalization of the 

MWCNTs with hydroxyl functional group (–OH)  is chosen as it have the high surface to 

volume ratio thus it provides a very great driving force for diffusion in nanofluids especially at 

high temperatures if compared to SWCNT. Figure 2.6 shows schematics examples of surface 

functionalization of CNT. 

 

 

Figure 2.6 : Schematics examples of surface functionalization of CNT  

(Source: Liu et al. 1998) 
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2.2 SURFACTANT 

 The general method to avoid sedimentation of nanoparticles is by using the surfactant.  

The addition of surfactant into the nanofluid can improve the nanoparticles stability in 

aqueous suspensions. The reason is the hydrophobic surfaces of nanoparticles are modified to 

become hydrophilic and vice versa for non-aqueous liquids (Hwang et al. 2007). A repulsion 

force between suspended particles is caused by the zeta potential which will rise due to the 

surface charge of the particles suspended in the base fluid. However, care should be taken to 

apply surfactant as inadequate surfactant cannot make a sufficient coating that will persuade 

electrostatic repulsion and compensate the Van der Waals attraction ( Jiang et al. 2003). Van 

der Waals forces is a general term used to define the attraction of intermolecular forces 

between molecules The common types of surfactant are Polyvinylpyrrolidone (PVP), gum 

arabic and Sodium Dodecylsulfate (SDS). 

2.2.1 Polyvinylpyrrolidone  

Polyvinylpyrrolidone is also known as Povidone and it is one of the numerous products of the 

acetylene chemistry. It made up of vinylpyrrolidone that undergo polymerized process in 

aquoeus solution with addition of hydrogen peroxide as initiator. The main advantages of PVP 

over SDS is the solubility in water and in various organic solvent is very impressive while 

SDS is insoluble in water when having reactions with water. The high solubility of PVP 

because of the hydrophobic functional groups and being hydrophilic thus the reaction occurs 

with various solvents Besides, PVP would not produce soap as the SDS which the soap will 

make the experiment becomes harder due to the build up foam.. Figure 2.7 shows PVP 

structure. 
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Figure 2.7 : PVP structure 

(Source: Sigma-Aldrich co., 2015) 

2.3  Nanofluids 

 According to A.K. Singh (2008), nanofluids are a suspension mixture of suspended 

nanoparticles in a base liquid. He also gives a few examples of natural nanofluids which are 

blood, a complex biological nanofluid where different nanoparticles (at molecular level) 

accomplish different functions, and functional components actively respond to their local 

environment.  

2.4.1 Thermal Conductivity of Nanofluids 

The most important factor that can be investigate is thermal conductivity in order to prove the 

heat conduction enhancement in formulated nanofluids. Nanofluids have superior properties 

because of the small sizes and a very large specific surface areas of the nanoparticles thus the 

thermal conductivity is very good. The literature review explains the enhancement of the 

thermal conductivity in the nanofluids is huge. The addition of only small volume percent of 

solids produces a dramatic enhancement of thermal conductivity (Wang and Mujumdar, 2007) 
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CHAPTER 3 

 

METHODOLOGY 

 

3.0 Introduction 

 Methodology is defined as a system of methods used in a particular area of study or 

activity  which means in this research it involved the set of particular procedures or set of 

procedures,  by some  principles  such as components, parameters, method of works, rules and 

techniques used to conduct a research as to ensure the result  will meet the aim and objectives. 

There are two stage in the methodology which is the formulation of the nanofluid samples and 

in order to get the stable nanofluid, the right selection of parameter is done. The parameter 

involved is the type of CNT, base fluid and also surfactant. Later, the second stage is focused 

on the thermal conductivity testing. 

 

3.1  Experimental procedure 

3.1.1 Synthesis of Nanofluids 

 The experiment has been done by using 10 different samples (NF01-NF10), with 

different concentration of CNT from 0.1wt% to 1.0wt% functionalized fMWCNT as the 

selected CNT  and the PVP as dispersing agent. The concentration of PVP will be the same 
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throughout the experiment; 10% from the wt% of CNT. For example, at 0.1wt% of fMWCNT, 

it has 0.01 wt% of PVP. and 1.0wt% of fMWCNT has 0.1 wt% of PVP. The concentration 

ratio has been prepared by the weight percentage calculation (wt%)  of fMWCNT, PVP and 

based fluid then the fMWCNT and PVP were weighted by using four decimal places high 

accuracy analytical balance. The total volume of all parameters are about 40 ml. Once the 

formulation of every sample is settled, then the mixture  undergo the ultrasonication  and 

homogenization process for the duration of five minutes at room temperature by using the 

mechanical homogenizer with speed of  10000 rpm while the ultrasonicator operated at 280 W 

of generated output power and 37 kHz frequency also the temperature in the ultrasonicator is 

maintained between 25°C to 30°C as measured by using the thermometer. As the homogenizer 

is stirred vigorously, it can reduce the particle agglomeration by producing high stirring force. 

As a result, the dispersion of fMWCNT and PVP into the base fluids is really well. Besides, 

for the precaution, it is really important to ensure the homogenizer propeller did not touch the 

glass container to prevent it from broken. 

 After the ultrasonication and homogenization process is done, that is mean the 

nanofluids has been formulated. The nanofluids are tested with digital pH meter to get the pH 

value. The ideal pH value for the nanofluids is 8.8 till 9.2 as it can give a better thermal 

property performance. Then the stability test take place as the sedimentation of nanofluid 

sample was observed for approximately 100 hours to ensure the fMWCNT is well dispersed in 

the based fluid. The sample is observed by visual inspection and tested by stability screening 

test using the Stability Test Rig (STR). Once the sample is stable, it undergo the thermal 

conductivity test. 
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3.1.2 Stability Test 

 All the samples of the formulated nanofluids are left approximately for 100 hours in 

order to see the if the samples are stable or unstable. The stable sample showed no 

sedimentation at the bottom of the glass bottles. To ensure the stability, the samples has 

undergo the stability test by using the Stability Test Rig (STR). If all the LED lamps light up, 

it means the sample is stable and if STR sensor can penetrate through the formulation where 

sedimentation occurred, it shows unstable sample and the light would not be light up.  

 

3.1.3 Thermal Conductivity Test 

 The thermal conductivity test take place for all the stable samples ranging from          

0.1 wt% to 1.0 wt% of fMWCNT by using the KD2-Pro Thermal Properties Analyzer 

(Decagon, USA). The thermal conductivity is measured at every 1°C starting from 6°C to 

40°C. These temperatures is chosen as it includes the three phases which are cold condition, 

room temperature to hot condition. The reason for every 1°C to investigate the thermal 

conductivity increment precisely. In order to obtain the exact temperature and to stabilize the 

temperature in the sample, the refrigerated water bath is used and the sample is totally 

immersed in the refrigerated water bath. The test is repeated to obtain at least three  reasonable 

reading for each sample and the average results is calculated and recorded. The KD2-Pro was 

set on automatic mode and left on the table to prevent any movement including vibration from 

the table. It is because convection might occurs from the vibration and can affect the thermal 

conductivity reading thus it has to be avoided. 
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3.2 Flowchart of the procedures 

The methodology of this study is summarized in the flow chart as shown in Figure 3.1 

 

  

 

  

 NO NO 

 

                                                          YES 

  

 

 

 

 

   

Figure 3.1: Flow chart of the procedures 

LITERATURE REVIEW 

FORMULATION OF NANOFLUIDS 
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stability of the 
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is 0.1 till 1.0 wt% of 

CNT per sample. 
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3.3 Materials 

 

3.3.1 Functionalized Multi-Walled Carbon Nanotubes 

 

 The chosen type of CNT in this research is functionalized multi-walled carbon 

nanotubes (fMWCNT). Carboxyl group is the functional group that attached at the surface of 

MWCNT. nanoparticles that are concentrated with -COOH which is the highly functionalized 

groups thus the fMWCNT based nanofluids has shown the most impressive thermal 

conductivity enhancement compared to others types of nanofluids. The fMWCNT is shown in 

Figure 3.2. 

  

 

Figure 3.2 : Structure of fMWCNT 
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3.3.2 Surfactant Description 

 

 The purpose of adding suitable surfactant is to enhance the stability of nanofluids. 

Thus, Polyvinylpyrrolidone (PVP) has been used in this experiment as a surfactant. The PVP 

polymer is wrapping on the fMWCNT surface so it increase the particles immersion and can 

reduce the surface tension of the liquid besides known to prevent the fast sedimentation. But, 

this surfactant only work to the nanofluids with the not-so-high temperature because high 

temperature probably can damage the bonding between the nanoparticles and surfactant. 

Dispersing agent or surfactants are compounds that allowing easier spreading, and lowering of 

the interfacial tension between two liquids, or between a liquid and a solid. Dispersing agent 

Polyninylpyrrolidone (PVP) is chosen as dispersing agent to decrease the surface area as well as 

to induce a less form. Based on previous studies, the density of PVP can be said as 1.6 g/cm
3
, 

Sigma-Aldrich Co. (2013). 

 

3.3.3 Based Fluid 

  

 Deonized water (DI) is chosen as the based fluids. The excellent thermal conductivity 

properties compared to other conventional based fluid, widely used in the industries, and easy 

to get makes it favorable choice as the based fluid. It is often used in experiment and it is 

different with the tap water in term of minerals and ions because the content of minerals is 

much fewer and the ions has been removed in order to obtain pure water. Pure water does not 

leave the residue and impurities as the tap water. The experiment can be affected by ions that 
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found in regular tap water and it can cause the actual result cannot be achieved. Table 3.1 

shows several basic properties of deionized water. 

 

Table 3.1 : Properties of Deionized Water 

(Source : Safiuddin, 2011) 

Parameter Value 

Density Liquid: 1000 kg/m
3
 

Solid: 917 kg/m
3
 

Melting point 0°C 

Boiling point 100°C 

Specific heat 4180 J/kg °C 

Latent heat 333.55 kJ/kg 

Viscosity 893 × 10
-6

 kg.s/m 

pH Approximately 7.0 

Thermal conductivity 0.6061 w/m.k 

 

3.3.4 Ratio Between Nanofluid Preparation 

 

 The nanofluid sample with various volume concentration ranging from 0.1 wt% to 1.0 

wt% have different ratio of MWCNT and 10% of PVP from the CNT. The total volume of 

nanofluid sample formulation together with deionozed water should be 40 ml . Equation (3.1) 

shown the nanofluid samples formulation while Table 3.2 shows the amount of MWCNT, 

PVP and deionized water. 
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              (3.1)       

 

 Table 3.2 :Amount of MWCNT, PVP and deionized water to for nanofluid preparation 

Sample ID wt% of 

MWCNT 

wt% of 

PVP 

Mass of 

MWCNT (g) 

Mass of 

PVP (g) 

Volume of  

DI (ml) 

Standard - - - - 40.000 

NF01 0.1 0.01 0.04 0.004 39.978 

NF02 0.2 0.02 0.08 0.008 39.957 

NF03 0.3 0.03 0.12 0.012 39.936 

NF04 0.4 0.04 0.16 0.016 39.914 

NF05 0.5 0.05 0.20 0.020 39.890 

NF06 0.6 0.06 0.24 0.024 39.871 

NF07 0.7 0.07 0.28 0.028 39.850 

NF08 0.8 0.08 0.32 0.032 39.828 

NF09 0.9 0.09 0.36 0.036 39.810 

NF10 1.0 0.10 0.40 0.040 39.790 
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3.4 APPARATUS  

 

3.4.1 Mechanical Homogenizer 

 

 The homogenizer was manufactured by LabGenius company and use for homogenize the 

surfactant, CNT into the deionized water. This unit can speed up until 27000 rpm but in this 

research, only 10000  rpm needed for the single propeller to stir the sample.  

  

3.4.2 Ultrasonicator 

 

 Elmasonic S ultrasonic was manufactured by Elma Hans Schmidbauer GmbH & Co. 

KG, a German company. This ultrasonicator can be used to dispersing the CNT with high 

ultrasonic power. In this experiment. It operated at 37 kHz frequency and the output power 

generated is 280 W. The sample undergo ultrasonication process for about 5  minutes. 

 

3.4.3 KD2-Pro Thermal Properties Analyzer  

 

 KD2-Pro is a device manufactured by Decagon Services. It can be used fully portable 

field and lab thermal properties analyzer. This device are using line heat source method which 

is conduction to measure all thermal properties including thermal diffusivity, specific heat, 

thermal conductivity and thermal resistivity. This research only requires on using the single 

needle's sensor to measure thermal conductivity in the sample. The sensor used for this 
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experiment is KS1. Its best efficiency is from 0°C till 40°C . The device is shown in         

Figure 3.3. 

 

Figure 3.3: KD2-Pro Thermal Properties Analyzer 

 

3.4.4  Stability Test Rig  

 Stability test rig (STR) can be used to identify the stability of nanofluid based 

nanocarbon by doing the stability screening test of nanofluids that being observed in            

100 hours. It has LED and  sensors to detect whether LED light can pass through the samples 

while another LED set is to display the stability result. The solution is considered as not stable 

if the LED light can pass through the nanofluid to the receiver while solution considered as 

stable when LED light cannot pass through the nanofluid to the receiver. The stable and 

unstable sample is shown in Figure 3.4. 
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(a) 

 

(b) 

Figure 3.4: Stability Test Rig (a) Stable sample (b) Unstable sample 
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3.4.5 Refrigerated Water Bath 

 

 The refrigerated water bath is used for heating and cooling process for the nanofluids 

samples. It provide high heating and cooling capacities for rapid heat-up and cool-down times. 

The temperature can be adjusted to the temperature needed so that every 1°C can be obtain in 

order to get precise thermal conductivity reading. The temperature range for this unit is  from  

-20°C  to 100°C but in this experiment, only 6°C to 40°C is used. The water capacity is seven 

litres and have built-in safety features which is earth leakage circuit breaker (ELCB) This is in 

order to ensure the energy saving performance and lowering the heat spreading to the 

environment, this model have proportional cooling control.  

 

3.5 Safety precautions  

 

 Both PVP and CNT are in powder form. Skin and eye contact have to avoid from CNT 

as it may cause irritation. Inhalation of CNT may cause lung damage or disease and believed 

to endangered  the human reproductive system. Hence, the  usage of a lab face mask is a must 

to avoid any possible hazard. Besides, if  the CNT powder is spilled, remove it by using 

sweeper or vacuum cleaner or spray with water and wipe it off with the dry lab tissues. 

 Furthermore, CNT are highly conductive thus the handling process must be done 

carefully. This means the CNT must be avoid from being scattered to electrical devices where 

it may cause short circuit once CNT settling on electrical components. 

 Besides that, rubber gloves must be worn when dealing with any chemical experiment 

especially with the pH greater or lower than natural pH, in this case is alkali (pH 8.8-9.2).  
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CHAPTER 4 

 

RESULTS AND DISCUSSION 

 

4.0  Introduction 

 

 As the outcome of the research, the results are presented in tabular and graphical format. 

The data obtained will be discussed in further explanation to show the results meet the research 

objective and expectation. 

 

4.1 Nanofluids preparation 

 

 Nanofluids formulation consist of the addition of CNT, PVP and deionized water as the 

base fluids. The materials has been mixed in order to form the nanofluids solution accordingly. 

 

4.2  Nanofluids stability test 

 

 This research chose a very simple methods to test the stability of nanofluids which is a 

visual test or stability screening test by using the Stability Test Rig The investigation 

involving the stability of nanofluid has been influenced the heat transfer application 

worldwide because without the stability, the nanofluids cannot be used in any application. 
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4.2.1 Stability Test Result and Analysis 

 

 The nanofluids are formulated with fMWCNT as the nanoparticles and PVP as 

dispersing agent that dispersed into the deionized water (DI). After the samples has been left 

for 100 hours, the stability test was conducted as shown in Table 4.1.  The ten samples which 

are 0.1wt% till 1.0wt% of CNT with 10% of PVP has passed the stability test and it shows 

stable nanofluids because there are no sedimentation was formed even after 100 hours.   

 

Table 4.1 : Stability of nanofluid samples 

 

  

Sample ID CNT 

(g) 

PVP 

(g) 

Base Fluid    

`(ml) 

pH 

test 

Stability (after 

100 hours) 

NF01 0.1g 0.01g 39.979 9.2 Stable 

NF02 0.2g 0.02g 39.957 8.8 Stable 

NF03 0.3g 0.03g 39.936 8.8 Stable 

NF04 0.4g 0.04g 39.914 8.8 Stable 

NF05 0.5g 0.05g 39.893 9.0 Stable 

NF06 

NF07 

NF08 

NF09 

NF10 

0.6g 

0.7g 

0.8g 

0.9g 

1.0g 

0.06g 

0.07g 

0.08g 

0.09g 

0.10g 

39.871 

39.853 

39.828 

39.808 

39.785 

8.9 

8.8 

9.1 

9.0 

9.2 

Stable 

Stable 

Stable 

Stable 

Stable 
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 This research shows that the CNT based nanofluids is effectively stabilized by the 

PVP. This is because the addition of PVP as surfactant helps increases the repulsive force 

between the nanoparticles and it prevent the nanoparticle from break down and form 

sedimentation. From the experiment, it shows that the higher the wt% of CNT, the more stable 

it becomes.  

  

4.3 Nanofluids Thermal Conductivity Test 

 

 The thermal conductivity test has been done after testing the nanofluids using KD2-Pro 

Thermal Properties Analyzer device once getting the stable sample by screening test. The test 

was repeated at least for three times for each temperatures to get the optimum results .The result 

obtained for CNT 0.1wt% to 1.0wt% samples and standard deionized water at an increment of 1°C 

from 6°C up to 40°C are shown in Table 4.2. 

 

4.3.1 Experimental Standard Thermal Conductivity of Deionized Water 

 Before the thermal conductivity test for stable sample is done, the standard thermal 

conductivity of deionized water is first been measured and the results obtain were referred and 

compared to the theoretical standard of American Society of Heating, Refrigerating and Air 

Conditioning Engineers (ASHRAE) as to establish the accuracy and reliability of the 

measurement that has been made. The data is shown in the Table 4.2 and Table 4.3. 
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Table 4.2: Thermal Conductivity Test Result  

Temperature 

°C 

Thermal conductivity(W/mK) 

 

Standard  

deionized 

water  

 

NF01 

                    

NF02 

 

 NF03 

 

   NF04 

 

 NF05 

       

6 0.568 0.570 0.572 0.575 0.575 0.577 

7 0.572 0.583 0.572 0.578 0.579 0.579 

8 0.572 0.587 0.575 0.578 0.582 0.583 

9 0.573 0.575 0.579 0.581 0.583 0.585 

10 0.575 0.575 0.580 0.583 0.585 0.587 

11 0.575 0.577 0.580 0.585 0.587 0.589 

12 0.576 0.579 0.581 0.587 0.593 0.594 

13 0.579 0.582 0.583 0.589 0.596 0.596 

14 0.579 0.582 0.583 0.591 0.598 0.601 

15 0.581 0.583 0.584 0.594 0.60 0.604 

16 0.581 0.583 0.587 0.597 0.603 0.607 

17 0.582 0.584 0.587 0.603 0.607 0.611 

18 0.583 0.584 0.591 0.605 0.609 0.618 

19 0.585 0.587 0.596 0.607 0.609 0.623 

20 0.586 0.587 0.603 0.611 0.618 0.626 

21 0.588 0.590 0.605 0.613 0.621 0.628 

22 0.589 0.590 0.611 0.616 0.624 0.633 

23 0.591 0.592 0.613 0.619 0.627 0.646 

24 0.593 0.592 0.619 0.623 0.631 0.647 

25 0.594 0.597 0.626 0.629 0.638 0.649 

26 

27 

0.595 

0.596 

 0.602 

0.606 

0.626 

0.629 

0.630 

0.633 

0.638 

0.642 

0.651 

0.653 

28 0.596 0.606 0.632 0.637 0.647 0.655 

29 0.597 0.612 0.632 0.642 0.653 0.659 

30 0.601 0.613 0.643 0.649 0.658 0.662 

31 0.603 0.615 0.647 0.653 0.661 0.665 

32 0.605 0.617 0.651 0.657 0.662 0.668 

33 0.610 0.619 0.664 0.657 0.667 0.673 

34 0.612 0.621 0.665 0.661 0.674 0.679 

35 0.612 0.632 0.677 0.673 0.678 0.685 

36 0.615 0.635 0.678 0.679 0.681 0.687 

37 0.616 0.643 0.678 0.679 0.683 0.689 

38 0.618 0.645 0.681 0.684 0.685 0.691 

39 0.620 0.657 0.683 0.685 0.689 0.693 

40 0.622 0.667 0.683 0.687 0.689 0.731 
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Table 4.3: Thermal Conductivity Test Result  

Temperature 

°C 

Thermal conductivity(W/mK) 

 

Standard  

deionized 

water  

 

NF06 

                    

NF07 

 

 NF08 

 

   NF09 

 

 NF10 

       

6 0.568 0.585 0.587 0.591 0.617 0.624 

7 0.572 0.587 0.587 0.591 0.619 0.629 

8 0.572 0.595 0.589 0.595 0.625 0.633 

9 0.573 0.597 0.593 0.597 0.628 0.642 

10 0.575 0.605 0.605 0.604 0.634 0.647 

11 0.575 0.605 0.607 0.606 0.637 0.653 

12 0.576 0.607 0.611 0.609 0.643 0.657 

13 0.579 0.607 0.613 0.612 0.649 0.661 

14 0.579 0.609 0.617 0.618 0.653 0.667 

15 0.581 0.614 0.617 0.619 0.657 0.672 

16 0.581 0.616 0.62 0.624 0.668 0.678 

17 0.582 0.619 0.623 0.624 0.673 0.683 

18 0.583 0.619 0.625 0.628 0.675 0.687 

19 0.585 0.627 0.627 0.633 0.676 0.692 

20 0.586 0.629 0.632 0.636 0.681 0.695 

21 0.588 0.635 0.637 0.639 0.683 0.697 

22 0.589 0.639 0.643 0.64 0.685 0.702 

23 0.591 0.642 0.646 0.64 0.687 0.706 

24 0.593 0.645 0.649 0.643 0.693 0.712 

25 0.594 0.647 0.653 0.646 0.695 0.714 

26 

27 

0.595 

0.596 

0.652 

0.655 

0.657 

0.661 

0.652 

0.659 

0.698 

0.701 

0.722 

0.726 

28 0.596 0.659 0.665 0.667 0.707 0.729 

29 0.597 0.664 0.669 0.671 0.709 0.732 

30 0.601 0.667 0,673 0.676 0.711 0.738 

31 0.603 0.674 0.678 0.679 0.714 0.74 

32 0.605 0.677 0.683 0.683 0.715 0.743 

33 0.610 0.681 0.683 0.703 0.715 0.747 

34 0.612 0.681 0.687 0.708 0.716 0.753 

35 0.612 0.689 0.692 0.709 0.721 0.756 

36 0.615 0.693 0.697 0.711 0.725 0.76 

37 0.616 0.695 0.701 0.714 0.727 0.762 

38 0.618 0.697 0.705 0.717 0.728 0.775 

39 0.620 0.704 0.707 0.721 0.729 0.787 

40 0.622 0.704 0.712 0.724 0.731 0.818 
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 Data in Tables 4.2 and 4.3 are represented graphically for all the tested nanofluids to 

see the thermal conductivity comparison between standard deionized water and the 0.1 wt% - 

1.0wt% CNT samples. Based on the graph, eleven different indicators indicates the ten 

different samples from NF01 to NF10 and one sample of standard deionized water. The y-axis 

shows the thermal conductivity (W/m.k) ranging from 0.55 (W/m.k)  to 0.85 (W/m.k) while 

the x-axis shows temperature (°C) starting from 5°C to 40°C. The total of the data are 396 and 

all data were presented in the graph. The data slope and its trend can be determined from the 

graph as shown in Figure 4.1. 

 Figure 4.1 shows the thermal conductivity of all the samples have been compared to 

the standardized deionized water as the thermal conductivity of deionized  water act as the 

reference, and after the addition of CNT and PVP, theoritically the formulation does enhanced  

the thermal conductivity of the samples .  

 



IMRAN SYAKIR

 
 

31 
 

         

Figure 4.1:  Graph of nanofluids thermal conductivity  
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 Thermal conductivity of NF01 is not experiencing stable development at the beginning 

which is at 6°C to 16°C. But then the escalation is good afterwards through the room 

temperature till the temperature of 20°C to 40°C. The thermal conductivity of NF02 is almost 

the same with NF01 from temperature 6°C to 18°C but it does enhance quite a lot from 19°C 

to 40°C. 

 Other than that, samples NF03, NF04, NF06 and NF07 has a common patterns of 

thermal conductivity enhancement where the thermal conductivity is low and almost the same 

at the beginning which is from 6°C to 10°C and inclination can be seen clearly afterwards 

starting from 11°C to 40°C. Samples NF05 and NF08 have the same inclination trend where 

the thermal conductivity enhancement is not stable but suddenly it spike when entering higher 

temperature (33°C to 40°C). On the other hand, sample NF09 boost up at the from the 

beginning but the enhancement is slowing down during 30°C to 40°C. 

  In addition to that, the sample that having great enhancement from  6°C up to 40°C is 

the sample with the largest weight percentage which is NF10. It shown the greatest 

enhancement among all the samples. The highest reading was recorded at 0.818 W/m.k with 

the enhancement of 31.51% 

 The percentage of enchancement recorded and calculated based on the highest reading, 

where in this experiment the highest reading obtained is at 40°C. The enhancement for NF01 

is 7.23%, NF02 is 9.8%, NF03 is 10.45%, NF04 is 10.77%, NF05 is 17.52%, while NF06 is 

13.18%, NF07 is 14.47%, NF08 is 16.4%, NF09 is 17.52% and lastly the greatest 

enhancement is the sample NF10 with 31.51%. 
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 Overall, even though there are some unstable reading for the thermal conductivity, the 

nanofluids with the addition of CNT is higher than the deionized water and it is proven that 

the dispersing of solid nanoparticles CNT in the based fluid does enhance the thermal 

conductivity. Theoretically, nanofluids with the higher ratio of fMWCNT showed higher 

enhancement when compared to the pure deionized water. It is proven that the factors that 

affecting the thermal conductivity performance are pH reading, the temperature and addition 

of weight percentage fMWCNT in the based fluid. The top enhancement of thermal 

conductivity has obtained with the 1.0wt% of CNT sample. 
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CHAPTER 5 

 

CONCLUSION AND RECOMMENDATIONS FOR FUTURE RESEARCH  

 

5.1 Conclusion 

 In this research, the investigation and evaluation of nanofluids based on some 

properties including stability, thermal conductivity and heat transfer performance of thermal 

conduction of fMWCNT in nanofluids is done with satisfying results. The stability of 

nanofluids was determined by some effective parameters such as ultrasonication and 

surfactant addition. Generally, the purpose of adding surfactant in nanofluids are to improve 

the stability of the dispersing nanoparticles in aqueous suspensions and to avoid the 

sedimentation of nanoparticles from occurs. Other than that, the ultrasonication process 

proven to improve the nanoparticles stability in the nanofluids. Furthermore, the parameters 

that affect the thermal conductivity of nanofluids are the addition of surfactant, pH reading, 

CNT concentration, ultrasonication process and temperature are among important aspect in 

order to see the escalation together with the drop in thermal conductivity. Based on this 

research, the thermal conductivity of nanofluids are  most affected by the raise of 

ultrasonication time, concentration and temperature. The percentage of enchancement in 

thermal conductivity recorded for NF01 is 7.23%, NF02 is 9.8%, NF03 is 10.45%, NF04 is 
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10.77%, NF05 is 17.52%, while NF06 is 13.18%, NF07 is 14.47%, NF08 is 16.4%, NF09 is 

17.52% and lastly the highest enhancement is the sample NF10 with 31.51% so the objective 

of this research which are to prepare the stable nanofluids stability and analyzing the thermal 

conductivity enhancement was successfully achieved. 

 

5.2 Recommendations 

  

 Some suggestion must be take into account for further research activities. The most 

importantly, the digital pH meter, KD2-Pro thermal properties analyzer and analytical balance 

must be calibrate everytime before using it to avoid producing unstable samples. Other than 

that, the samples that has been left for a long period must undergo the ultrasonication first 

before proceed it to thermal conductivity test. This also applied when there are no increment at 

the thermal conductivity reading although the temperature increases. Other than that, avoid 

using the KS1 sensor on various fluids such as water, oil, ethylene glycol at the same time 

cause it does interrupt the sensor efficiency. The same thing happened if there are rapid 

changes in temperature, the sensor cannot work properly if the sensor has been tested at 6°C 

then suddenly being immersed in 60°C. It can caused the sensor on failing to read thermal 

conductivity .   

 

 

 

 

https://www.google.com/search?biw=1366&bih=599&noj=1&q=ethylene+glycol&spell=1&sa=X&ved=0ahUKEwijh-C5oojNAhVFo48KHeSRDZMQvwUIGigA
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APPENDICES 

 

APPENDIX A 

Sample calculation  

 Density of deionized water (g/cm
3
) : 1.0 

  

 Density of MWCNT (g/cm
3
)  : 2.1 

 

Density of PVP (g/cm
3
)  : 1.6 

 

wt % CNT    : 0.1 

wt % PVP    : 0.01 

 

 Mass of CNT 

 (0.1/100)   40 ml , assuming 1ml= 1g 

     = 0.04 g 

 

 Volume of CNT 

 V = mass/ density 

     = 0.04g /2.1 gcm
-3

 

     = 0.019 ml 
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 Mass of PVP 

 (10/100)   0.04g 

      = 0.004 g 

 

 Volume of PVP 

 V = mass/ density 

     = 0.004g/1.6 gcm
-3

 

     = 0.0025 ml 

  

 Volume of base fluid = 40 ml – (Volume of CNT + Volume PVP) 

              = 40 ml – (0.019+ 0.0025) 

              = 39.979 ml 

 

Percentage Enhancement of Nanofluid 

Percentage of enhancement (%) = 
                                 

                  
                (4.1) 

TC =Thermal conductivity 

Example of Nanofluid Thermal conductivity of NF10 at 40°C 

Percentage of enhancement (%) = 
             

     
 ×100% 

        = 31.51% 
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APPENDIX 

pH Testing 

  

(a) NF10 sample (pH 9.2)     (b) Deionized water (pH7.3) 
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APPENDIX 

Experimental Equipments 

 

Figure 3.3 : Mechanical Homogenizer 

 

Ultrasonic unit 
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ABSTRACT – Small size and ability to govern high 

thermal conductivity are the main factor why 

nanoparticles based coolant has becoming preferable 

coolant. On this paper, two types of nanocarbon 

particles were used as a basic material in deionized 

water named functionalized multiwalled carbon 

nanotube based nano-coolant (NC1) and carbon 

nanofiber based nano-coolant (NC2). The weight ratio 

of the nanocarbon particles is 0.1 wt%, 0.2wt% and 

0.3wt% being mixed with deionized water and 

polyvinylpyrrolidone (PVP). Next, thermal conductivity 

of NC1, NC2 and standard deionized water (as a 

reference) was investigated at temperature ranging from 

6°C to 40°C. The results show that the thermal 

conductivity value of NC1 and NC2 are slightly higher 

than the standard deionized water and increased against 

the increment of temperature. It also revealed that NC2 

with 0.3wt% of CNF at temperature 40°C gives the 

highest thermal conductivity with a value of 0.661 

W/m.K. 

 

1. INTRODUCTION 

 The low thermal conductivities of conventional 

heat transfer fluid limit the cooling performance in 

many industrial applications. The addition of the small 

amount of nanocarbon in heat transfer fluid contributes 

to the enhancement of thermal conductivities of the 

fluid. Commercial coolant with the usage of solid 

particle such as Cu and Zn might cause the clogging, 

blockage and corrosion when come to nano-coolant 

applications due to its sizing. In order to overcome this 

limitation, nanoparticles such as carbon nanotube and 

carbon nanofiber were introduced as a based material in 

nano-coolant since it has very small particles and 

performs a very good thermal conductivity. Nano-

coolant is said to have a better thermal property such as 

thermal conductivity, heat transfer coefficient and 

thermal viscosity. 

 Excellent stability and high thermal conductivity 

are the two main factors required when preparing a 

nano-coolant. Since nanocarbon particles surface 

hydrophobicity limits the nano-coolant to achieved 

stability, PVP was introduced as dispersing agent which 

can avoid nanocarbon particles to aggregate and 

agglomerate [1]. Increase volume of nanoparticles will 

lead to improve thermal conductivity. Research by 

Minsta et al. [2] revealed that the increment in particle 

volume fraction increase the thermal conductivity of the 

nanofluid as the temperature increased. Thus, this 

research aimed to study the thermal conductivity pattern 

of functionalized multiwalled carbon nanotube based 

nano-coolant (NC1) and carbon nanofiber based nano-

coolant (NC2) at various temperatures ranging from 6°C 

to 40°C. 

 

2. METHODOLOGY 

 The research were carried out by using two types 

of nanocarbon which are functionalized multiwalled 

carbon nanotube (fMWCNT) produced by 

Nanostructured & Amorphous Materials, Inc. and 

Pyrograf III High Heat Treated (HHT-24) carbon 

nanofiber (CNF) manufactured by Pyrograf Products, 

Inc. Nano-coolant were synthesized with 0.1, 0.2 and 

0.3 weight percent (wt%)of nanocarbon particles, mixed 

with deionized water as a based coolant and 

polyvinylpyrrolidone (PVP) from Sigma Aldrich which 

act as dispersing agent. 

 The mixture then being homogenized at 10000 

rpm and undergoes ultrasonication for five minutes. 

Stability testing is carried out by using the stability test 

rigs (STR). While the thermal conductivity of the nano-

coolant was inspected at various temperature ranging 

from 6°C to 40°C by using KD2-Pro Thermal Properties 

Analyzer from Decagon Devices.  

 

3. RESULTS AND DISCUSSION 

 The result for thermal conductivity against 

temperature of NC1, NC2 and standard deionized water 

was presented graphically in Figure 1. The result 

obtained shows that the trend for the most of the 

samples for thermal conductivity is increasing steadily 

with the temperature. Higher thermal conductivity 

reading is dominated by NC2 sample at all temperatures 

range. NC2 sample with0.3 wt% gives the highest 

thermal conductivity value of 0.661 W/m.K at 

temperature 40°C.  

 Whilst, the highest thermal conductivity for NC1 

sample was recorded at 0.1 wt% with 0.579 W/m.K 

value at 6°C. However, there is slightly decreasing in 

thermal conductivity at 0.3wt% of NC1 sample at 

temperature 40°C. Meanwhile, the highest thermal 

conductivity for NC1 sample was recorded at 0.3wt% 

with 0.656W/m.K.  
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Figure 1 Thermal conductivity of NC1, NC2 and 

standard deionized water against temperature. 

  

 The percentage enhancement (%) of each sample 

against standard deionized water is calculated using 

Equation 1 and was tabulated in Table 1. 

 

% enhancement =
(T.C of sample – T.C of based fluid)

TC of based fluid
× 100           (1) 

 

* T.C = thermal conductivity 

 

Table 1 Percentage enhancement (%) of all samples. 

Temp 

(
o
C) 

Percentage enhancement (%) 

NC1 (wt% ) NC2 (wt% ) 

0.1 0.2 0.3 0.1 0.2 0.3 

6 1.94 2.99 4.05 2.82 4.05 7.75 

12 1.22 2.26 5.56 2.43 4.69 8.68 

18 1.37 3.09 4.97 2.40 4.80 8.23 

24 1.35 3.38 4.41 2.2 4.74 8.12 

30 2.01 3.18 5.36 3.02 4.86 8.04 

36 1.96 4.08 4.90 2.61 4.08 6.37 

40 1.94 3.39 5.81 2.42 4.03 6.61 

 

 According to the calculation, all samples showed 

positive enhancement where the enhancing numbers 

keep increasing as the weight percentage increased. It 

can be seen that, NC2 shows better enhancement than 

NC1 with the highest enhancement of 8.68% at 0.3wt% 

CNF at temperature of 12°C. 

  As the percentage enhancement depends on the 

thermal conductivity of nanofluid, thus NC2 leads the 

enhancement at every temperature ranges compared to 

NC1.  Among the reasons on which NC2 has better 

thermal conductivity is the bigger surface area. 

Properties that influenced surface area are number of 

wall, impurities, hydroxyl and carboxyl functionalized 

group [3-4]. However, commonly the addition of both 

CNF and CNT will give superior thermal conductivity 

compared to any other based fluid due to its 

characteristics which contributes to physical and 

chemical properties enhancement of nanofluid. Besides, 

particle clustering and Brownian motion also affect the 

thermal conductivity of nano-coolant [5]. Brownian 

motion occurred due to thermal fluctuation of the 

solvent, Brownian rates grew stronger resulted more 

colloidal between nanoparticle thus lead to particle 

clustering. 

 

4. CONCLUSION 

 In conclusion, dispersing solid nanoparticles does 

enhance the thermal conductivity of the based coolant. 

Temperature as well as weight percentage (wt%) does 

affected the thermal conductivity of nano-coolant. As 

the result, thermal conductivity of NC1 and NC2 

demonstrate increasing pattern against each 

temperature, thus resulted better enhancement. A value 

of 0.661 W/m.K is obtained as the highest thermal 

conductivity of CNF while 0.656 W/m.K was represent 

highest thermal conductivity for fMWCNT. NC2 with 

0.3 wt% at 40C showed 8.68% enhancement which 

stated as highest enhancement among all samples and 

lowest enhancement throughout this research recorded 

is 1.22% which represented 0.1wt% of NC1 at 12C. 

Thus, additional of CNF in the base coolant showed 

better thermal conductivity if compared to fMWCNT 

since the surface area and structure is much higher than 

fMWCNT. 
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