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ABSTRACT 

 

 

Nanofluids is a suspension of nanoparticles in a fluid that gives better performance in 

thermal properties like thermal conductivity and viscosity. Nanofluid’s potential has been 

discovered in various industries such as electronic and industrial cooling. However, 

conventional cooling fluid with the used of large metal particles as zinc and copper might 

cause minor components in the electronic application clogged. Therefore, nanoparticles 

such as carbon Nanofiber (CNF) and Carbon Nanotubes (CNT) are used to overcome the 

problem. This research were conducted by formulating and analyzing the thermal 

conductivity of nanofluids based CNF by using polivinylpyrrolidone (PVP) as dispersing 

agent and deionized water as base fluid. Pyrograf III HHT-24 CNF from Pyrograf Inc. at 

ratio 0.1 wt% to 1.0 wt% CNF was used in this experiment. Nanofluids then had gone 

through few processes including homogenization, ultrasonication, pH checking, stability 

test as well as thermal conductivity test. This research was conducted by studying the 

thermal conductivity test at every 1°C temperature interval starting from 6°C to 40°C. The 

highest thermal conductivity was recorded by NF10 at 40°C which is 0.750 W/m.K. whilst 

the lowest was 0.584W/m.K of NF01 at 6°C. Meanwhile, the best percentage enhancement 

recorded over deionized water was 23.28% which possessed by NF10 at 30°C. In 

conclusion, the results showed that thermal conductivity of the nanofluids increased as the 

temperature and weight percentage of CNF in the nanofluid increased. 
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ABSTRAK 

 

 

Bendalir nano terbentuk hasil gabungan zarah nano di dalam bendalir yang dapat 

menghasilkan prestasi sifat haba terbaik seperti kekonduksian termal dan kelikatan. 

Potensi bendalir nano ditemui dalam pelbagai industri seperti elektronik, dan penyejukan 

di industri. Walau bagaimanapun, cecair penyejukan konvensional dengan penggunaan 

zarah logam yang besar seperti zink dan kuprum boleh menyebabkan komponen-komponen 

kecil dalam aplikasi elektronik tersumbat.Oleh itu, zarah nano seperti Karbon Nanofiber 

(CNF) dan Karbon Nanotubes (CNT) digunakan untuk mengatasi masalah ini. Kajian ini 

dijalankan bagi menghasil dan menganalisis kekonduksian termal bendalir nano yang 

dibuat menggunakan CNF, polivinilpirolidon (PVP) sebagai agen penghurai dan air 

ternyahion sebagai cecair asas. CNF dari jenis pyrograf III HHT-24 dari Pyrograf Inc. 

pada nisbah 0.1 wt% hingga 1.0 wt% telah digunakan. Bendalir nano kemudian telah 

melalui beberapa proses termasuk penghomogenan, ultrasonikasi, pemeriksaan nilai pH, 

ujian kestabilan serta ujian kekonduksian termal yang diambil pada setiap selang suhu 

1°C bermula dari 6°C hingga 40°C. Kekonduksian termal tertinggi direkodkan NF10 pada 

40°C iaitu 0.750 W/m.K manakala 0.584W/m.K oleh NF01 pada 6°C adalah yang 

terendah. Peningkatan peratusan terbaik yang dicatatkan adalah 23.28% oleh NF10 pada 

30°C. Secara tuntasnya, Keputusan menunjukkan  peningkatan dalam ujian kekonduksian 

termal adalah seiring dengan kenaikan suhu dan peratusan berat CNF dalam bendalir 

nano itu. 
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CHAPTER 1 

 

INTRODUCTION 

 

1.0 Background of Study 

 Nanofluids can be defined as suspension of nanoparticle in fluids with at least one 

of their main dimensions is less than 100 nm. Better than other based fluid, nanofluids is 

said to have better thermal properties like thermal conductivity and thermal viscosity 

(Solangi et al., 2015). The potential of nanofluids has been used in many industries such as 

industrial cooling applications, nuclear reactors, automotive applications and in extraction 

of geothermal power. Based on these applications, it is proved that nanofluids are very 

flexible to perform its function on various temperatures. Besides, it also known as “fluid 

superconductor” since it acts to cool high temperature and high friction working machinery 

and equipment used in earth’s crust drilling (Wong and De Leon, 2010). The advantage of 

nanofluids was widely used over a past decade as it has various quality characteristics that 

can provide great performance.  Even though, a few factors like pH and particles size may 

affects the thermal conductivity of nanofluids but it still shows positive correlation in 

thermal conductivity improvement; which can be very useful in heat transfer applications 

(Younes et al., 2015). Ever since nanofluids are also fluids that contain nanoparticle sizes 

of metals such as carbon nanotubes (CNT) and nano copper; hence, a carbon nanofiber 

(CNF) is one of it.  

 



IMRAN SYAKIR

2 
 

1.1 Problem Statement 

 Recently, cooling fluids with suspension of metal particles such as zinc and copper 

metal have been used in many applications due to their thermal properties potential. 

However, the size of these metal particles has becoming an issue since it is big and may 

cause clogging if it been applied into the small object like electronic components. Thus, 

nanofluids based carbon nanofibers is introduced to overcome the problem since carbon 

nanofibers have smaller size but high in thermal conductivity, heat capacity and heat 

transfer. However, there is limitation in using CNF as it has a hydrophobic characteristics; 

which is element that could not disperse in water. Thus, the usage of dispersing agent 

polyvinylpyrrolidone (PVP) help to improve the dispersion of CNF to achieved stability. 

 

1.2 Objectives 

 To formulate nanofluid-based carbon nanofiber (CNF) and to study their thermal 

conductivity properties. 

 

1.3 Scope of Research     

The scopes of this project are: 

i. To formulate the nanofluids sample which consists of carbon nanofiber 

(Pyrograf III HHT-24 of 0.1wt% -1.0wt%), polyvinylpyrrolidone (PVP) as 

dispersing agent and deionized water as based fluid. 

ii. All stable samples had to undergo thermal conductivity screening test at 

every 1°C temperature interval starting from 6°C to 40°C using KD2-Pro 

Thermal Properties analyzer. 
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CHAPTER 2 

 

LITERATURE REVIEW 

 

2.0 Introduction 

 Advanced nanotechnology in industry nowadays has produce complex and 

sophisticated components and device in order to match world demands. Along with this 

development, researcher has explored the advancement of nanofluids potential to 

completing the lack of nanotechnology components in term of maintenance. Since a lot of 

device such as mobile phone and tablet seems to change in term of size, the electronic 

components inside it also need a cooling media in nano size; Thus, nanofluids has been 

applied. Specific investigation had been carrying out to discover the ability of nanofluids 

regardless of different parameter like temperature, thermal conductivity and heat transfer. 

Özerinҫ (2012) noted that nanofluids with contribution of little amount of metallic or non 

metallic particle such as Cu, CuO and Al2O3 have higher thermal conductivity compared to 

thermal conductivity of base fluid. This fact was a starting point to make further research 

on temperature effects on thermal conductivity of nanofluids. 
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2.1 Nanofluids 

2.1.1 Definition of Nanofluids 

 Nanofluids are defined as liquid-solid mixture made of nanoparticles suspension 

inside the fluids. According to Hong and Yang (2005), the suspended nanoparticles has 

provide beneficial outcomes which are better in dispersion behaviour, less clog potential 

and bigger total surface area thus improving the efficiency of heat transfer of nanofluids. 

The schematic cross sectional of nanofluids can be referred at Figure 2.1. The high thermal 

conductivity were resulting in enhancement of heat transfer performance (Hong et al., 

2007) whilst larger surface area in nanoparticles produce much efficient heat transfer 

process instead of microparticle. This has been proven by Maxwell, which is the first man 

who discovered the increasing in thermal conductivity with the usage small sized solid 

particle of micro and milli sized inside the fluids (Maxwell, 1873). However, there are few 

issues of using micro and milli sized particles at that time that would cause quick settling 

time, clogged in micro channel devices, rising in pressure drop, scratch on the surface, and 

corrosion of pipelines (Wang et al., 2003). Sidik et al. (2014) has mentioned in his study 

that nanofluid governs better thermal conductivity and long-term stability rather than 

millimeter and micrometer sized particles based-fluid. It also creates less erosion and 

pressure drop especially in microchannels. 
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Figure 2.1: Schematic cross sectional structure of nanofluids. 

(Source: Yu and Choi, 2003) 

 

 Research by Keblinski et al. (2002) also showed that nanofluids have demonstrates 

high thermal conductivity even at a low concentration of suspended nanoparticles. A study 

conducted by Zaini et al. (2015) for thermal conductivity enhancement of nanofluids based 

CNF in experiments using deionized water and ethylene glycol as base fluids at 6°C, 25°C 

and 40°C showed increased thermal conductivity for both cases.  

 This result has proved that thermal conductivity of nanofluids will increase along 

with temperature. Mohamad et al. (2012)  carried out experiments to identify the thermal 

conductivity of nanofluids based CNF by using different diameter of CNF at temperatures 

of  6°C, 25°C and 40°C . The results showed highest thermal conductivity is leading by the 

nanofluid with the smallest diameter at all temperature level. This is because small 

diameter of CNF gives high surface area which believes to be a better thermal transport 

medium for nanofluids. 
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2.1.2 Application of Nanofluids 

  Rapid development of technology and engineering had created various kinds of 

new devices and components that use nanofluids to satisfy the working mechanism in high 

performance. Among the applications of nanofluids discussed are heat transfer, electronic 

cooling, automotive, nuclear reactor and biomedical. However, there are several more 

applications of nanofluids that had been widely used which described in Figure 2.2. 

 

 

Figure 2.2: Various application of nanofluids in (a) heat transfer, (b) defect sensors, (c) anti 

infection therapy, (d) energy harvesting system, 

(e) hyperthermia and (f) cosmetics. (Source: Sadeghinezhad et al., 2016) 
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2.1.2.1 Heat Transfer 

 The usage of nanofluids as a replacement in cooling and heating of the water at 

United States industry has saved one trillion BTU of energy. Since the potential had 

discovered, the used of nanofluids were also been implement to their power industry. 

Shockingly, the usage of nanofluids saved 10-30 trillions BTU per year  which equivalent 

to emission reduction of 5.6 million metric tons of carbon dioxide, 8600 metric tons of 

hydrogen and 21,000 metric tons of nitrogen oxides (Wong and Leon, 2009). Whilst Han 

et al. (2008) in their research has used step nanoemulsification method to synthesized 

polyalphaolefin with suspension of indium nanoparticles found that the usage of 

nanoparticles in nanofluids has drastically augmented the effective specific heat of the 

fluids. This research clearly showed that nanofluids can perform better in heat transfer 

application and have an added value of conserving the environment.  

 Firouzar et al. (2011) had undergone a research in comparing the effectiveness of 

filling pure methanol and methanol/Ag into the heat exchanger. The result clearly showed 

a saving of 8.8-31.5% for cooling while 18-100% for reheating obtained by using 

methanol/Ag. 

 

2.1.2.2 Electronic Cooling 

 Electronic waste had become a concern in environment nowadays. Research by 

Bhutta et al. (2011) found that huge amount of e-waste or Waste Electrical and Electronic 

Equipment (WEEE) was ended at the rubbish dumps and recycling centre. This might due 

to the electronic device and components are commonly related to the heat and thermal 

application. The enormous amount of heat may cause overload, reduce the performance of 

the device and shorten the lifespan of the device itself. Thus, using nanofluids as working 
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fluid in electronic device can overcome the index of electronic waste since it is very 

reliable and compatible with it.  

 The usage of water-based nanofluid instead of pure deionized water as a coolant for 

Central Processing Unit (CPU) was proven can decrease the thermal resistance (Tsai et al., 

2004). Research by Khatak et al. (2015) which used ZnO nanofluid as a coolant in 

electronic components shows the increasing of heat flux by 20.2%. The related study by 

Nguyen et al. (2007) proved that Al2O3 water based nanofluid did give positive impact in 

term of heat transfer in cooling of microelectronic components. 

 

2.1.2.3 Automotive 

 Generally, nanofluids act as a coolant, a mixture in fuel as well as brake and other 

vehicle fluids. Radiator was designated to remove heat from engine blocks in automotive 

cooling system (Waterloo Maple Inc., 2008). According to Wong and De Leon (2010), the 

usage of nanofluids as a coolant could permit smaller size and better positioning of the 

radiators. This could be explained by the less fluid use in high efficiency resulted the 

shrink of coolant pump; engine will operate at high temperature thus allowed for more 

horsepower. 

2.1.2.4 Nuclear Reactor 

 Nanofluids potential has also been discovered in the future application of nuclear 

power plant (Boungiorno, 2008). In a pressurized water reactor (PWR) of nuclear power 

system, the critical heat flux (CHF) of the fuel rods and the water had becoming an issue 

since the vapour bubbles formed on the surface of fuel rods conduct only small amount of 

heat. Research by Kim et al. (2007) on feasibility of nanofluids in nuclear application 
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suggested the usage of nanofluids instead of water, it will caused the fuel rod been coated 

with nanoparticles and wipes the bubbles away at the same time avoiding the creation of 

vapour layer around the fuel rod thus increasing the CHF. 

 

2.1.2.5 Biomedical 

 Cancer theraupetics and nanocryosurgery are among medical matters that involving 

the usage of nanofluids. Magnetic iron-based nanoparticles had act as a transport to convey 

drugs or radiation in cancer patient which will guide the particles through the bloodstream 

to the tumor. Magnetic nanoparticles had been chosen than other metal type particle due to 

its ability manipulating nanofluids by magnetic force (Bica et al., 2007). 

 

2.2 Carbon Nanofibers  

2.2.1 Definition of Carbon Nanofibers 

 Carbon Nanofiber (CNF) or Stacked-cup Carbon Nanotubes (SCCNT) has unique 

morphology in terms of internal structure as show in Figure 2.3. CNF has more edge sites 

resulted from the grapheme sheets stacked. The advantage of CNF compared to CNT is it 

much easier to disperse and process, simultaneously provide mechanical and electrical 

properties as well as lower the overall cost.  

 Besides, bigger size of SCCNT enables it to dissolve without agglomerate in long 

duration. Back in 1980s, several workforce have explored the usage of CNF in certain 

applications which is as additive in polymers and as catalyst support material but actually 
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the history of CNFgoes back more than one century ago  when the patent was published in 

1889 (Jong and Geus, 2000). 

  In term of size, fibers with ranging diameter of 50-200 nanometer (nm) are used to 

produce CNF depending on types of nanofiber (Kim et al., 2011). Lichao et al. (2014) also 

noted that the prior different between CNF and conventional carbon fiber (CCFs) is its 

size; which CCFs diameter are usually of several micrometer while CNF is 50-200 nm in 

diameter. 

 

 

 

 

 

 

 

Figure 2.3: Morphology of Stack-Cup Carbon Nanotube 

(Source: Pyrograf Products, Inc., 2011) 
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 CNF has provide promising properties such as large surface area, low density as 

well as high pore volume; which make it desired fiber type used in any application that 

need filtration. However, the usage of CNF also has its own restrain on economics and 

health hazard since the demand is low but it requires high cost of technology while in term 

of health, CNF is a very tiny and light particle that can enter our lungs and might cause 

cancer if there are no precaution steps taken in handling it. 

 Antunes et al. (2010) said that CNF produce by floating catalyst technique can 

display fibre as small as 20 nm. Generally, surface structural of carbon nanofiber is 

something that can be controlled. There a various types of carbon nanofibers that can be 

identified by its graphite pattern through transmission electron micrograph (TEM) image. 

Figure 2.4 showed high resolution TEM image of parallel carbon nanofiber between 

parallel and fishbone types while Figure 2.5 shows its cross sections. A Fishbone-type 

fiber is also known as herringbone fibers by certain researcher. The advantages of using 

CNF over CNT were described in Figure 2.6. 

 

 

Figure 2.4: (a) Parallel Carbon Nanofiber (b) Fishbone Carbon Nanofiber 

(Source: De Jong and Geus, 2000) 

a b 
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Figure 2.5: Cross Sectional Structure of Carbon Nanofibers (a) Parallel (b)Fishbone. 

(Source: De Jong and Geus, 2000) 

 

 

Figure 2.6: Statement on the advantage of CNF over CNT.  

(Source: Pyrograf Products, Inc., 2011) 

 

 

 

a b 



IMRAN SYAKIR

13 
 

2.3 Based Fluid 

 Deionized water is water that had been undergoing certain process to filter out the 

impurities and unnecessary ions which may lead to formation of corrosion. It also has high 

resistivity and an outstanding insulator compared to other based fluid. Therefore, deionized 

water has give better thermal conductivity value rather than common based fluid such as 

ethylene glycol or oil. Studies by Hwang (2006) on determining thermal conductivities for 

Multi-Walled Carbon Nanotubes (MWCNT) in water, CuO in water, SiO2 in water and 

CuO in ethylene glycol end up as the higher thermal conductivity obtained from the water 

based MWCNT. 

 

2.4 Dispersing Agent 

 Dispersing agent is an important role in producing CNF sample since it is an 

efficient agent in improving the stability of CNF. Outcome research by Zhu et al. (2007) 

noted that the formulation of silver nanofluid is very stable due to the usage of PVP that 

retards the growth of sedimentation in nanofluid.  

 There are various type of dispersing agent which have different characteristics such 

as Polivinylpyrrolidone (PVP), Sodium Dodecyl Sulfate (SDS) and Arabic Gum. The 

selection of dispersing agent in producing nanofluids is very important according to the 

research needs; the usage of PVP is preferable compared to SDS since SDS is likely 

produced foam. Mohamad et al. (2012) has used SDS in producing nanofluid-based carbon 

nanofibers to obtain thermo-physical properties of the nanofluid whilst Zaini et al. (2015) 

has perform a research on comparison of thermal conductivity of CNF-based nanofluid by 

utilizing PVP as the dispersing agent to make the nanofluids sample.  
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 PVP is made up from monomer N-vinylpyrolidone which stable PVP is creating by 

radical polymerization process of vinylpyrrolidone. Chemical structure of PVP is shown in 

Figure 2.7. According to Ruas et al. (2013) PVP has potential to stabilize the metal particle 

in order to avoid coagulation and precipitation of metal nanoparticles. The usage of CNF 

which has hydrophobic criteria that may lead to agglomeration of mixture can be overcome 

by applying PVP since it is a good and suitable dispersing agent for nanofluid based CNF. 

 

 

Figure 2.7: Polyvinylpyrrolidone 

(Source: Sigma-Aldrich Co., 2015) 

 

2.5 Synthesis of Nanofluid 

 The production of nanofluid is a prior step in order to get a stable nanofluid while 

the formation of stable nanofluid is very crucial in nanofluid learning and applications 

(Mukherjee and Paria, 2013). Nanofluid synthesizing by past researcher need to take into 

consideration since successful nanofluid is formed through the studies. Study by Solangi et 

al. (2015) has presented that nanofluid is made up via two processes which one-step 

preparation and two-step preparation. Mukherjee and Paria (2013) also noted that 
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nanofluid was synthesized using two approach either single step method or two step 

method.  

 

2.5.1 Single-Step Methods 

Single-step method is a solution for unstable nanofluid produce by two-step method 

(Solangi et al., 2015). It is a procees of nanoparticles is being produce based on the 

nanofluid itself. According to Wei and Huaqing (2012), the producing and dispersing 

particles together in fluid is one of one-step method. Stability of nanofluid can be 

improved through this approach since several processes such as drying, transportation, 

storage as well as dispersion of nanoparticles are prevented; thus, it minimize the 

nanoparticles agglomeration. Research of preparing nanofluid based copper using different 

dielectric fluid and different volume solution of pure ethylene glycol and ethylene glycol 

by Lo et al. (2005) had condensed and dispersed the vaporized metal in deionized water to 

obtain nanofluid.  

 There are various techniques to form nanofluid in single-step method including 

direct evaporation and condensation, Submerged-Arc Nanoparticle Synthesis System 

(SANSS) and laser ablation method (Zhu et al., 2011). This method did not earn much cost 

since the methods used allow the nanoparticle dispersed stably hanging in based fluid. 

However, single-step method is not suitable for the production of large quantity of 

nanofluid as the nanofluid itself tends to manipulate by any parameter involve such as 

temperature, pH and ultrasonic (Wei and Wang, 2010).    
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2.5.2 Two-Step Methods 

 Two-step method involves the use of nanoparticles of dry powders type to produce 

nanofluids. Nanoparticles formed by chemical or physical methods as dry powders such as 

carbon nanofibers and carbon nanotubes would be mixed together with the base fluids 

(Solangi et al., 2015) as showed in Figure 2.8. Wang and Mujumdar (2008) stated that in 

synthesizing nanofluids, the mixture tends to agglomerate and it becomes an issue. 

However, the usage of ultrasonication and stirring the nanofluid repeatedly might reduce 

the agglomeration (Chung et al., 2009).  

 Research by Eastman et al. (2001) has concluded that utilization of Cu 

nanoparticles in ethylene glycol showed better thermal conductivity than being dispersed 

in pure ethylene glycol , researcher also noted that nanofluid based oxide nanoparticle is 

more suitable being formulate using  two-step approach compared to nanofluid metallic 

nanoparticles. Sonage and Mohanan (2014) also mentioned in their studies on synthesizing 

using two-step method as the based fluid is directly added to produce homogenous 

colloidal solution. On top of that, ultrasonication process is performed and surface 

activator is used in order to prevent the agglomeration of particle. 

 

 

Figure 2.8: Two-step method process of Nanofluids. 

(Source: Solangi et al., 2015) 
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2.6 Stability of Nanofluid 

 Stability of Nanofluid is one of the crucial parts, it affects the thermal properties of 

nanofluid such as the thermal conductivity and electrical conductivity since the electrical 

conductivity is related to thermal conductivity according to Wiedemann-Franz law 

(Zawrah et al., 2015). Nanofluid can be unstable if there is sedimentation in the mixture. 

Factor that may influence the formulation of unstable nanofluid is the incorrect amount of 

parameter used while preparing the nanofluid. If particles in nanofluid did not show 

aggregation at certain rate, the nanofluid is said to be stable.  

 Among the factor that can affect the stability of nanofluid is ratio of nanoparticle 

used, amount of dispersing agent and pH value of nanofluid itself. The ratio in making 

nanofluid is important; for example if the CNF used is more than the right amount and the 

PVP quantity used is too small, thus the nanofluid might be unstable as CNF cannot 

disperse well in the water which acts as base fluid. Thus, there are certain approaches in 

evaluating the stability of nanofluid. 

 

2.6.1 Stability Evaluation Method 

 The easiest way in evaluating the stability is by using sedimentation method where 

the sedimentation formed in nanofluid being weighed using sedimentation balance tray that 

ha being submerged into the nanofluid for certain duration of time. However, this method 

requires a lot of time. Besides, centrifugal approach is applied by reducing the amount of 

nanoparticle and being stabilizes by using dispersing agent. Research by Singh and Raykar 

(2008) had used the centrifugal method to obtain stable silver nanofluid by reducing 

AgNO3 and stabilized by PVP.  
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 Other methods are spectral absorbency analysis and zeta potential analysis. Spectral 

absorbency analysis is carried out using spectrometer by using the concept of linear 

relationship of absorbency intensity and concentration of nanoparticle. Whilst zeta 

potential analysis method is describe as value of high zeta potential either positive or 

negative is assume as electrically stable and low zeta potential tends to turn solid. 

 

2.6.2 Effect of Homogenization and Sonication 

 Homogenization helps in preventing the agglomeration of nanoparticle in the 

mixture while sonication is conduct to break the intermolecular interaction between the 

particles. The stirrer or propeller of the homogenizer will be set at high revolution per 

minute (rpm) so that the nanoparticle dispersed well in the fluid. 

  Fedele et al. (2011) had proposed three dispersion approaches in research of 

experimental stability analysis of different water-based nanofluids by using dynamic light 

scattering (DLS). The researcher claim that high pressure homogenization was the best 

dispersion method compared to ball milling method and ultrasonication since time 

acquired for solution to stay stable using high pressure homogenization method is much 

longer  Nanoparticles are tends to agglomerate even after been mixing up with fluid, this is 

due to their high surface energy (Mahbubul et al., 2015). Thus, research by Ruan and 

Jacobi (2012) found that ultrasonic vibration is one of the methods to break up the 

formation of nanoparticles bunch in the fluid. 

  Ultrasonication process can be categorized into two; which are direct sonication 

and indirect sonication. Direct sonication process is when the probe of ultrasonicator being 

immersed into the nanofluid whilst indirect sonication is applied as the ultrasonic wave is 
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transfer through a water medium that submerged the nanofluid samples in the bath fulled 

of water (Taurozzi et al., 2012).  

 However, there are no standard on how long the ultrasonication process is running, 

for example studies by Chandrasekar et al. (2010) whom carried out the ultrasonic process 

to dissolved Al2O3 nanoparticle in the water for 6 hours. Meanwhile Sohel et al. (2014) had 

produce nanofluid with Al2O3 nanoparticle based water for only an hour. Same goes to 

Kole and Dey (2010), they has perform three hours of ultrasonication process of Al2O3 

nanoparticles for coolant of car radiator while Elias et al. (2014) has repeated the same 

research but only conduct the ultrasonication process for 30 minutes.  

 

2.7 Relationship of Nanofluids Thermal Conductivity and Temperature 

 Thermal conductivity is defined as the ability of an element to conduct heat. 

Thermal conductivity also being said as amount of heat transmitted through thickness of a 

surface in direction normal to it only if the unit of temperature gradient under the steady 

state and depend only in temperature gradient (Ravi Sankar et al., 2012).  

 Thermal conductivity properties are related to the ability of to conduct heat. Thus, 

higher thermal conductivity gives good enhancement in heat transfer. This can be proved 

by the equation for heat flow as stated in Equation 2.1 that heat transfer can be increase by 

increasing the temperature, area and its coefficient (Saidur et al., 2011). Even though the 

ability to conduct heat related to conduction; however, since nanofluids is a fluid, the 

enhancement or performance of heat transfer mostly deends on Nusselt number. So, 

enhancement are depends on ratio of convection over conduction, not only conduction.  
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 Mintsa et al. (2009) has conducted a research related to temperature dependent on 

thermal conductivity data for water-based nanofluid said that the increament of particle 

volume fraction has increase the thermal conductivity of the nanofluid as the temperature 

increased as showed in Figure 2.9. 

 

           Q = hA∆𝑇           (2.1) 

Where Q is the flow of heat, h is the coefficient of heat transfer, A is the heat transfer area 

and ∆𝑇 is the temperature different. 

 

 A Study by Buonomo et al. (2015) also noted that among the factor that contribute 

to higher thermal conductivity of Al2O3 water based nanofluid are volumetric 

concentration, temperature and sonication time. Temperature is important parameter in this 

research as the thermal conductivity value is obtained at different temperature.  

 Theoretically, as the temperature increases, the thermal conductivity value also will 

increase in term of nanofluid or even for the standard of deionized water. While it different 

for viscosity, as the Namburu et al. (2007) found in his research that viscosity is decreases 

exponentially as the temperature increases. 
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Figure 2.9: Thermal conductivity of nanoparticle over volume fraction of CuO nanofluid 

based water against temperature. (Source: Mintsa et al., 2009) 

 

2.8 Challenges in nanofluids 

 Nanofluid often being chosen as conventional working fluid for its performance in 

thermal conductivity which may effectively help in many applications especially for heat 

exchanging devices. However, there were several reasons that might hinder the progress of 

nanofluids and becoming a concern in nanotechnology research such as long term stability 

of nanoparticle dispersion, thermal conductivity, lower specific heat, higher viscosity, 

increase pressure drop, high cost of nanofluid, and difficulties in production process and 

thermal performance in turbulence flow (Sidik et al., 2014) 
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2.8.1 Dispersion of nanoparticles for long-term stability. 

 Stability is a crucial part in nanofluids since it related with thermal conductivity 

performance of nanofluid; where nanofluids with better dispersion will produce high 

thermal conductivity. However, it is difficult to kept nanofluids stable for long period as 

the nanoparticles tends to formed agglomeration due to strong van der waals forces. 

Therefore a few approaches were taken to overcome this problem by adding surfactant, 

applying strong force on clustered nanoparticles and surface modification formation on 

particle.  

 Studies by Lee and Mudawar (2007) have found that Al2O3 nanofluid which been 

left for 30 days produce more concentrated particle settlement than fresh nanofluids. It has 

approved a statement by Eastman et al. (2001) on thermal conductivity decrease with time 

as the study on ethylene glycol that contain 0.3% copper nanoparticles sample being left 

for two days and two month showed better thermal conductivity on  samples left for two 

days. 

 

2.8.2 Thermal Conductivity 

 Better stability resulted in high thermal conductivity nanofluids while better 

thermal conductivity gave good enhancement in heat transfer. It is a simple relationship 

that rules nanofluids. Thus, there were a few factors that influenced thermal conductivity 

such as nanoparticles, based fluid and liquid solid interface. 
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2.8.3 Lower Specific Heat 

 A perfect coolant should acquire higher value of specific heat in order to remove 

more heat. Nevertheless, it is found that Al2O3/ethylene glycol nanofluids, CuO/ethylene 

glycol and SiO2/ethylene glycol nanofluids possess lower specific heat compared than 

based fluid (Namburu et al., 2009). 

 

2.8.4 Higher Viscosity 

 Nanofluid viscosity which generally was higher compared to base fluid was 

actually depending on both types of particles and concentration. Shanker et al. (2012) also 

claim that four factors that influenced nanofluids’s viscosity are type of nanoparticles, 

particle volume fraction, temperature and based fluid properties. 

 

2.8.5 Increased Pressure Drop 

 The increment of pressure drop was built up during flow on plate heat exchanger 

(PHE). It is found to be that pumping power raised by 40% when nanofluids is applied 

compared to water at the same flow rate (Kanaris et al., 2009) The result was shown in 

Figure 2.10. Factors that affect the pressure drop of cooling fluid is viscosity and density. 

The highest he value of viscosity and density the higher the pressure drop experienced 

(Saidur et al., 2011). 
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Figure 2.10: Graph on pressure drop against volumetric flow rate for both nanofluid and 

water. (Source: Kanaris et al., 2009) 

 

2.8.6 Higher Cost 

 Formulation of nanofluid has comes in two approaches either single step method or 

two steps method but both have acquired advanced apparatus which caused higher costs. 

Thus, cost has becoming a constraint for those researcher or manufacturer who wants to 

apply the used nanofluid but have a lower budget. For example the price of CNF per pound 

is ranging from $100 until $500. 

 

2.8.7 Difficulties in Production 

 Among the worries in production of nanofluid is to separate ions and reaction 

product resulted from based fluid. It is almost impossible to split it as both approaches also 

involved ion exchange. Another one is easily-agglomerate nanoparticles tends to 

minimized the promote of high surface area nanoparticles. 
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CHAPTER 3 

 

METHODOLOGY 

 

3.0 Introduction 

 As for this research, nanofluid sample are need to be done by following its 

procedure starting from selection of CNF and proceed to performing calculation for each 

ratio of 0.1 to 1.0 wt% of CNF. The usage of CNF HHT-24, PVP and deionized water 

must follow the correct amount as calculation performed to avoid unstable formation of 

nanofluid. Synthesizing of nanofluids involved homogenization and ultrasonication 

process were runs simultaneously. Then, pH test and stability test using stability test rigs is 

carried out on the samples. As the stable sample is obtained, thermal conductivity test by 

KD2-Pro Thermal Property Analyzer was performed. 

 Flow chart in Figure 3.1 shows that the experiment is started as some simple 

calculation for nanofluids formulation is ready. Then, the mixture of nanofluids been 

carrying out according to the calculation in Appendix A; which is 0.1 wt% mass CNF with 

addition of 20% of mass PVP. The sample undergoes homogenization and ultrasonication 

process. After that, pH reading of the nanofluids is taken and stability of the nanofluids 

being tested. Next, thermal conductivity test of the nanofluids performed as the mixture 

reaches temperature 6°C to 40°C by using water bath. Data of thermal conductivity 

collected at each temperature three times to get the precise average. Finally, all the steps 

are repeated again at 0.2 wt% to 1.0 wt% mass CNF with addition of 20 % of mass PVP 
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3.1 Flowchart   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1: Flow Chart of Methodology 
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3.2 Parameter Involved in Experiment 

 In order to produce nanofluids, few parameters are compulsory. Each parameter has 

different properties that contribute to the stability and thermal conductivity of the mixture. 

 

3.2.1 Base Fluid: Deionized Water Properties 

 Deionized water is mostly used in industry of microelectronics, pharmacy and 

printed circuit boards. It has undergoing several processes such as demineralization and 

deionization to removes the unnecessary ion away. The purity of Deionized water can be 

pure from distilled water or even better since multi stage purification process can be done 

to get high quality deionized water. Distilled water is made from distillation process and 

usually used in factories and laboratories. Details of deionized water properties are showed 

in Table 3.1. 

Table 3.1: Base Fluid Details  

(Source: Material Safety Data Sheet, catalog codes: SLW1015) 

Parameter Specification 

Density Liquid: 1000 kg/m3 

 Solid: 917 kg/m3 

Melting Point 0°C 

Boiling Point 100°C 

Specific Heat 4180 J/kg.°C 

Molecular Weight 18.02 g/mole 

pH 

Thermal Conductivity 

at 25°C (ASHRAE) 

Approximately 7.0 

0.6061 W/m.k 
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3.2.2 Type of CNF 

 There are various type and size of Carbon Nanofiber but CNF used in this 

experiment is established by Pyrograf Product Inc. Pyrograf III of HHT-24 is produce by 

using chemical vapor deposition (CVD) method. Generally, Pyrograf III comes in two 

types and three grades. It is a well patented tubular CNF with high graphic and low cost.  

 The specific of HHT-24 can be referred in Table 3.2. HHT means that the CNF 

itself is High Heat Treated up to temperature 3000°C; which produce highly conductive 

CNF with most graphitic CNF and a very low content of iron catalyst. Morphology on 

graphitized tubular structure of CNF is shown in Figure 3.2. 

 

  

Figure 3.2: Scanning Electron Microscopy (SEM) image of CNF HHT-24 

(Source: Zainal Abidin et al. 2015) 

 

  Pyrograf III is a multi-walled carbon nanotubes (MWCNTs). Various type and 

sizes of Pyrograf III is produce with different properties. HHT-24 is one of it and have 

been used in this research. As the CNF is made from stacked of (CNT), thus CNF can 

disperse without agglomerate in much longer period because it is less likely affected by 
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Van Der Waals forces. Table 3.2 shows detail properties of CNF that have been used in 

this research 

Table 3.2: CNF properties 

(Source: Pyrograf III CNF HHT24 Chemical Safety Data Sheet) 

 

Properties  Specification  

CNT type Carbon Nanofiber 

Density 

Purity 

Fiber Diameter 

Color 

Surface Area 

2.0 g/cm3 

>98 wt % 

100 nm 

Black 

41 m2/g 

 

3.2.3 Dispersing Agent: Polivinylpyrrolidone (PVP) 

 PVP from sigma-Aldrich Co. is chosen as a surfactant in this research in order to 

help the dispersion of CNF nanoparticles. CNF is well known with hydrophobic criteria 

which are unable to dissolve in water. Thus by using PVP, it will prevent the nanofluids 

from agglomerate and easy to disperse. Moreover, addition of dispersing agent can lowered 

the surface tension, raises the particle immersion and may prevent fast sedimentation of the 

mixt 
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Table 3.3: PVP properties  

(Source: Material Safety Data Sheet, catalog codes: C029 

Properties Specification 

Product Name Polyvinylpyrrolidone (PVP) 

Chemical Name (C6H9NO)n 

Appearance White powder 

Specific gravity Density:1.23-1.29(Water =1) g/cm3 

Solubility in water Soluble 

 

3.3 Apparatus 

3.3.1 Homogenizer 

 Homogenizer used in the laboratory is from model HG-15D of 280 Watt and runs 

at 50-60 Hz made by Korean manufacturer, Daihan Scientific Co. Ltd. as shown in Figure 

3.3. It is used to homogenize the mixture of CNF, PVP and Deionized water. The stirrer of 

the homogenizer may reach the highest rotation of 27000 rotations per minute (rpm), but in 

this experiment only 10000 rpm is needed. The nanofluid was left with homogenizer for 

five minute with rotation of 10000 rpm. 
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Figure 3.3: Homogenizer model 

3.3.2 Ultrasonicator 

 Figure 3.4 is an ultrasonicator used in this research namely Elmasonic S30H 

manufacture by a German Company, Elma Hans Schmidbauer GmbH & Co. KG. This 

ultrasonicator was equipped with high performance of 37 kHz sandwich transducer system 

with ultrasonic power effective of 80 Watt.  

 Nanofluid is placed in the tub and fills it with water. This apparatus has vibration 

effect resulted from perfect setting of ultrasonic wave. Since nanofluid tends to clog and 

agglomerate due to its strong Van Der Waals forces between the particles, the usage of 

ultrasonic machine will fix it. 
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Figure 3.4: Ultrasonication process 

3.3.3 Stability Test Rig  

 A stability test rig (STR) is a device that specifies the stability of the Nanofluid. It 

has two horizontal holes to locate the nanofluids container onto it. The nanofluid is 

assumed stable if three of the Light Emitting Diode (LED) acted on the nanofluids is light 

up. The concept of light penetration through the fluid is applied in this device.  

 Figure 3.5 (a) shows that both sample tested is unstable since the LED light up is 

only one at the right and left side while Figure 3.5 (b) shows that two sample is tested its 

stability using stability test rigs and both of it were stable. This can be referred to the all 

light up LED at both left and right side. Figure 3.6 describe the physical view of unstable 

and stable sample of nanofluid which had been used to show the stability test different at 

Figure 3.5 (a) and Figure 3.5 (b). 
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Figure 3.5: Stability test using STR (a) Unstable sample (b) Stable sample 

 

Figure 3.6: Example of nanofluid samples after 100 hours 

 (a) unstable sample (b) stable sample  

 

3.3.4 KD2-Pro Thermal Properties Analyzer 

 KD2-Pro by Decagon Devices Inc is used to get the thermal conductivity reading of 

the nanofluid. The KD2-Pro set comes with its needle sensor and its controller. In this 

research only single needle sensor named KS-1 is used. The single needle sensor is used to 

b 

a 

a 

b 
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measure thermal conductivity and resistivity while double needle sensor is used for thermal 

conductivity, diffusivity, resistivity and specific heat capacity. It is an automatic device 

that will give the reading once the sensor had been immersed in the nanofluid and the time 

is set. 

  It also has an error of 0.01. In order to prevent huge error while conducting 

experiments, avoid the tip of the sensor from touch the wall of the bottle and off the water 

bath so that it will be no vibration effect the thermal conductivity reading. Figure 3.7 

describe the KD-2 Pro screen details. 

 

 

Figure 3.7: Detail appeared on KD2-Pro screen  

 

 

Thermal 
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3.3.5 Refrigerated Bath Circulator (Water Bath) 

 As the thermal conductivity of the nanofluids is taken at different temperature, 

refrigerated bath circulator is used in order to cool or heated the nanofluid into the desired 

temperature by applying the concept of heat transfer. Refrigerated bath circulator model 

630D manufactured by Tech-Lab Mfg Sdn. Bhd is operate using 1.5kW, 50Hz and 240V.  

 It has the ability to maintain the temperature of water inside it. Thus, the nanofluid 

sample was immersed inside the water bath and been set to desired temperature using the 

controller. In Figure 3.8, the lower temperature reading of the controller is a desired 

temperature that has been set by user whilst the upper reading is the current temperature of 

the water inside water bath. 

 

 

Figure 3.8: Water bath model used in experiment 

 

3.4 Experimental Procedure 

3.4.1 Nanofluids Formulation 

 All the parameters involve which are CNF, PVP and deionized water is weighted 

according to the calculation performed in Appendix A. Then, the parameter is placed 

33.0 

33.0 
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together into a glass container. The preparation of homogenizer and ultrasonicator was set 

up simultaneously. The glass container and submersible pump were put into ultrasonicator. 

Next, the ultrasonicator was filled with water from sink through a small pipe until the 

nanofluid inside the glass container is immersed in the water. Thermometer was put into 

the ultrasonicator to make sure the water inside was around room temperature. 

 Homogenizer is set up at 10000 rpm for 5 minutes but before that ensure the stirrer 

or propeller of homogenizer was placed at least 1cm from the base of glass container to 

prevent the glass from break. The apparatus had been switch on simultaneously. Since the 

submersible pump will keep continuously pump the water out.  Thus, the flow of the water 

into the ultrasonicator device needs to be controlled.  

 The nanofluid solution is poured into small bottle and the pH reading of the 

nanofluid is being test using pH meter. Set at pH ±9, if the pH value is less than nine, the 

alkaline solution of Sodium Hydroxide (NaOH) will be added while if the pH value is 

more than nine, acidic solution of Nitric acid (HNO3) is added to stabilize the nanofluids. 

Then, check the stability of the nanofluid using stability test rigs.       

 

3.4.2 Thermal conductivity Test 

The steps below are method to carry out thermal conductivity test of nanofluid: 

 All stable samples had undergone thermal conductivity test at every 1°C 

temperature interval starting from 6°C to 40°C. The KS-1 needle sensor was immersed in 

the nanofluid bottle. Whilst the nanofluid bottle was immersed into the waterbath. Firstly, 

switched on the refrigerated bath and set the desired temperature at the controller. As soon 

as the current temperature (upper reading) is same as the desired reading (lower reading), 
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the refrigerated bath circulator is being switched off first to prevent excessive vibration in 

taking the thermal conductivity reading. It may give a reading with error of KD2-Pro 

Properties Analyzer more than 0.01.  

 KD2-Pro is switched on; the single needle sensor which has been immersed into the 

nanofluid bottle would give the thermal conductivity reading as showed in Figure 3.9.  

Schematic diagram of this process can be referred at Figure 3.10. The valid error of 

thermal conductivity analyzer devices KD2-Pro is 0.01 and below.  

 KD2-Pro had showed the reading of temperature as well as thermal conductivity 

reading exactly 1 minute after the process runs (The time can be set up at the setting). The 

steps were repeated at the same temperature to get the average reading. 

 

 

Figure 3.9: KD2-Pro single sensor was placed into the nanofluid bottle inside the 

water bath 
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Figure 3.10: Schematic diagram on thermal conductivity test 

 

3.5 Safety Precaution Step 

 In order to make sure the experiment going smoothly, safety precaution need to be 

taken to prevent unexpected situation. Pyrograf III HHT-24 of CNF is a tiny particle that 

may bring harm to the users. It is very hazardous to human being since it will penetrate 

deeper into lung tissues as the people inhale air. The negative impact of the CNF is it may 

cause eye irritation and lung cancer for those whom expose to it in an excessive amount. 

Thus, whoever that deals with CNF needs to wear goggle, glove and N95 mask instead of 

the common mask, N95 mask is a right mask that filter tiny particle. Users also needs to 

wash their hand or any affected area with soap since water only cannot clean the CNF as it 

is hydrophobic element. Besides, PVP also need to be handling in a good way as it is very 

sticky. So, keep PVP in the closed container to prevent it from being waste. Method on 

handling KS-1 needle sensor of KD2-Pro Thermal Properties Analyzer also is important 

since it affect the thermal conductivity of nanofluid. Thus, user need to ensure that the tip 

of the needle is immersed in the samples bottle without touching the wall of the nanofluid 

bottle. 
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CHAPTER 4 

 

RESULT AND DISCUSSION 

 

4.0 Introduction 

 Throughout the research, several tests on pH reading, stability and thermal 

conductivity have generate results. All results have been analyzed in order to study the 

trending of the data as well as brief explanation for further understanding. In discussion 

section, expected result from literature review is been considered so that the comparison 

can be made from it. Analysis made is entirely from data collected from the research and 

the usage of graph and table are deliberately used so that it could easily be understood.  

 

4.1 Nanofluids Preparation 

 Preparation of nanofluids is carried out by performing calculation on ratio of the 

related parameters, namely; CNF, PVP and deioized water. Ratio or weight percentage of a 

substance which can be obtained by using simple calculation as shown in Appendix A is 

very important in nanofluid formulation. It differentiates each sample with amounts of 

nanoparticles, dispersing agents and based fluid used.  

 This preparation also involved process of homogenization and ultrasonication to 

obtain the nanofuid. Table 4.1 shows the data for each formulation. The preparation was 

consider as the important part since different samples of nanofluid with different value of 
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content which might affect the crucial things in this research which is thermal conductivity. 

40 ml is chosen as full content of the nanofluids since the bottles that were used is this 

research was 40 ml bottles. 

 

Table 4.1: Ratio of CNF, PVP and based fluid at 20%of PVP from mass CNF 

Sample 

ID 

Weight 

percentage 

CNF 

(wt%) 

Mass 

CNF (g) 

Volume 

CNF (ml) 

Mass 

PVP (g) 

Volume 

PVP (ml) 

Volume 

based 

water 

(ml) 

NF01 0.1 0.04 0.02 0.008 0.005 39.975 

NF02 0.2 0.08 0.04 0.016 0.01 39.95 

NF03 0.3 0.12 0.06 0.024 0.015 39.925 

NF04 0.4 0.16 0.08 0.032 0.020 39.900 

NF05 0.5 0.20 0.10 0.040 0.025 39.875 

NF06 0.6 0.24 0.12 0.048 0.030 39.850 

NF07 0.7 0.28 0.14 0.056 0.035 39.825 

NF08 0.8 0.32 0.16 0.064 0.040 39.800 

NF09 0.9 0.36 0.18 0.072 0.045 39.775 

NF10 1.0 0.40 0.20 0.080 0.050 39.750 

 

 

4.2 Stability Test 

 In order to proceed with thermal conductivity test, nanofluid sample must be in 

stable condition. Stable condition of nanofluid means that the nanoparticles, namely CNF 

must be completely disperses in the based fluid. Unstable nanofluid can influenced thermal 

conductivity reading as the sedimentation formed at the bottom or floating in the bottle is 

prohibited. Stability of sample is influenced by weight ratio of three main substances in 

nanofluid which are nanoparticle, dispersing agent and based fluid. Stability test is carried 
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out after nanofluid sample is left for observation about 100 hours. Usually, unstable 

nanofluid can be determined within this time range.  

 Basically, the stability of nanofluid can be determined by the visually observation 

with the naked eye. If it happen to have any clods or sedimentation in the bottle of 

nanofluid either it floating or sinking separated from the mixture from based fluid and 

dispersing agent it said to be unstable. However, observation is not enough to describe the 

stabiliy of nanofluid, thus STR is used to obtain further valid result. STR as shown in 

Figure 4.1 has applied concept on light penetration through fluid. 

 

 

Figure 4.1: Nanofluid stability test  

 

 Table 4.2 shows the data obtained for pH reading and stability test for the entire 

sample. pH reading were taken at 24 hours, 72 hours and 100 hours while stability test 

were observed along the times and had been finalized after 100 hours. The time range were 

chosen to see if there any unstable sample within the first 100 hours even though the final 
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observed was actually after 100 hours.pH reading collected for this ten sample can be 

accepted since it is in the ideal range of nanofluid pH which is ±9.  

 As pH is one of the significant parameter that need to be control, thus the used of 

acid and alkali solution namely HNO3 and NaOH in this research is a need.   Based on the 

observation, all samples show positive feedback for stability test. There was no 

sedimentation appeared in each bottle either when being observed visually or by using 

STR. 

Table 4.2: pH value and stability of nanofluid sample 

Sample    

ID 

pH value (Initial) pH value (new) Stability 

24hr 72hr 100hr 24hr 72hr 100hr 24hr 72hr 100hr 

NF01 9.4 8.8 8.7 9.0 9.1 9.2 Stable Stable Stable 

NF02 9.0 9.3 9.6 9.0 8.9 9.1 Stable Stable Stable 

NF03 9.2 9.3 9.7 9.2 9.2 9.1 Stable Stable Stable 

NF04 9.2 9.1 9.0 - Stable Stable Stable 

NF05 9.4 8.9 8.8 8.9 8.8 8.8 Stable Stable Stable 

NF06 9.1 8.9 8.9 - Stable Stable Stable 

NF07 9.2 9.2 9.0 - Stable Stable Stable 

NF08 8.9 9.1 9.1 - Stable Stable Stable 

NF09 8.8 9.0 9.4 8.8 9.0 9.0 Stable Stable Stable 

NF10 9.4 9.6 9.6 8.9 9.1 9.1 Stable Stable Stable 

 

 Stability is one main concern in nanofluid. Stability can be achieved as the 

nanofluids did not formed clod or sedimentation. However, it can be said that the substance 

that being the ingredients to produce nanofluid might be the one that destablizing nanofluid 

itself this is might due to its characteristics when reacted with other form of substance. 
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  There were three substances to facilitate nanofluid; namely nanoparticle, 

dispersing agent and based fluid. Suitable amount of these substances is important in order 

to produce stable nanofluid. Nanofluid is better being applied at the stable condition since 

high temperature might construct the aggregation of particle which may lead to unstable 

nanofluid. There were two factors that influenced stability of the nanofluid which are 

dispersing agent and ultrasonication. 

 Based on the stability results, all samples conducted were stable. This might be due 

to perfect ratio of dispersing agent. Dispersing agent is needed in nanofluid formulation, 

less dispersing agent might produce unstable nanofluid. Throughout this research, 20% 

dispersing agent of polivinylpyrrolidone (PVP) from mass carbon nanofiber (CNF) is used. 

Thus, the amount of dispersing agent is increasing as the nanoparticle is added.  

  In this case, CNF particles are used but CNF itself owned hydrophobic criteria 

which a substance that cannot mixed with water. It tends to repel if being blend with water. 

Thus, dispersing agent of polivinylpyrrolidone (PVP) is applied to helps the dispersion of 

CNF and based fluid. Dispersing agent can enhancing nanofluid stability by reduce particle 

agglomeration among nanoparticle in nanofluid. The agglomeration was created due to 

Van der Waals forces attraction resulted by electrostatic repulsion of nanoparticle. 

 The stability of all samples also influenced by the ultrasonication process. 

Ultrasonication process is famous process which applied the usage of sound energy wave 

on particular frequency to break down agglomeration of particle. It prevents the samples to 

form clods. Better thermophysical properties can be achieved as the nanofluids undergo 

ultrasonication. Even there is no standard in using ultrasonicator, it said to be the longer 

duration of ultrasonication process will give better impact in thermophysical properties 

such as thermal conductivity.  
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 In this research, homogenization and ultrasonication process was conducted 

simultaneously at 10000 rpm for five minutes. According to research by Mohamad et al. 

(2012) on thermo-physical properties of nanofluid-based nanocarbon (CNF), nanofluid 

sample were homogenized at 10000 rpm whilst Fang et al. (2014) which prepared 

Graphene nanofluids by using ionic analogues, all sample had undergone five minutes 

ultrasonic homogenization process. Zahari et al. (2015) also has produce nanofluid based 

MWCNT by homogenize it on 10000 rpm for five minute. Ultrasonication process which 

conducted at higher constant frequency will create higher frequency collision that 

promotes breakage of particle.  

 

4.3 Thermal Conductivity Test 

 Nanofluid is a new approach which can give better performance compared to other 

working fluid in term of thermal conductivity. It is commonly choose to be used in many 

heat transfer applications. Throughout this research, it is proves that thermal condctivity of 

nanofluid does showed the enhancement. Thus, there were several factors that influenced 

the thermal conductivity of nanofluid. 

 Thermal conductivity test is performed as the stable nanofluid sample is achieved. 

Thermal conductivity is the measurement on ability of rate of heat that can flow through a 

material at different temperature. Thermal conductivity of nanofluid on certain temperature 

is a crucial thing in this research. 

 A bottle of standard sample of deionized water or nanofluid sample is immersed in 

the water bath so that the fluid in the bottle can achieved desired temperature as set at the 

water bath controller, In this research the temperature is from 6°C to 40°C.  
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4.3.1 Standard Thermal Conductivity 

 Deionized water is chosen as standard in this research since it been used as based 

fluid for nanofluid formulation. Besides, data for thermal conductivity of standard at 

temperature 6°C to 40°C is a must for calculating the ratio for nanofluid preparation. In 

order to ensure the thermal conductivity collected is valid, deionized water thermal 

conductivity standard by American Society of Heating, Refrigerating and Air Conditioning 

Engineers (ASHRAE) at temperature 6°C, 25°C and 40°C is used as a guideline to 

predicting the pattern. From Table 4.3, it can be said that the experimental values lies 

within theoretical value by ASHRAE.  

 

Table 4.3: Experimental and Theoretical thermal conductivity of deionized water 

Temperature 

(°C) 

Thermal conductivity (W/ m.k) 

ASHRAE Experimental 

   

6 0.5693 0.5680 

25 0.6061 0.5930 

40 0.6294 0.6200 

 

 Table 4.4 shows full thermal conductivity data collected of deionized water at 1°C 

temperature interval starting from 6°C to 40°C. The range for this standard is 0.568 W/m.k 

until 0.620 W/m.k. Standard data is used as a guideline to calculate the enhancement for 

each samples. Standard data also shows increasing value of thermal conductivity as the 

temperature is rising. 

 



IMRAN SYAKIR

46 
 

Table 4.4: Experimental data of deionized water from6°C to 40°C 

Temperature 

(°C) 

Thermal 

Conductivity 

(W/m.k) 

Temperature 

(°C) 

Thermal 

Conductivity 

(W/m.k) 

6 0.568 24 0.591 

7 0.572 25 0.593 

8 0.572          26 0.594 

9 0.573 27 0.595 

10 0.575 28 0.596 

11 0.575 29 0.596 

12 0.576 30 0.597 

13 0.579 31 0.601 

14 0.579 32 0.603 

15 0.581 33 0.605 

16 0.581 34 0.610 

17 0.582 35 0.612 

18 0.583 36 0.612 

19 0.585 37 0.615 

20 0.586 38 0.616 

21 0.588 39 0.618 

22 0.589 40 0.620 

23 0.589  

 

 

4.3.2  Nanofluid Thermal Conductivity 

 Thermal conductivity of all nanofluid samples from NF01 to NF10 is performed at 

temperature 6°C to 40°C. All data collected are higher than standard in orderly increases. 

There were a few data that shows fluctuation at certain temperature, Overlapped also 

happened at certain temperature.  

 This usually happened as the temperature is near for both of it. However, the data 

still proceed with the increment afterward. Table 4.5 showed complete thermal 
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conductivity data for NF01 to NF10. Each data in Table 4.5 resembles three data that has 

been taken into the average. 

 

Table 4.5: Thermal conductivity data for nanofluid samples. 

Temp 

(°C) 

Thermal Conductivity (W/m.k) 

NF01 NF02 NF03 NF04 NF05 NF06 NF07 NF08 NF09 NF10 

6 0.584 0.591 0.612 0.622 0.631 0.642 0.650 0.656 0.675 0.684 

7 0.585 0.592 0.613 0.625 0.630 0.640 0.651 0.659 0.677 0.688 

8 0.585 0.593 0.617 0.630 0.635 0.641 0.649 0.660 0.681 0.690 

9 0.587 0.593 0.619 0.632 0.635 0.641 0.656 0.663 0.682 0.691 

10 0.589 0.596 0.618 0.635 0.637 0.642 0.659 0.667 0.683 0.690 

11 0.589 0.599 0.624 0.636 0.641 0.643 0.661 0.672 0.684 0.693 

12 0.590 0.603 0.626 0.637 0.639 0.645 0.655 0.674 0.684 0.693 

13 0.591 0.604 0.626 0.635 0.639 0.646 0.659 0.670 0.690 0.701 

14 0.593 0.607 0.626 0.637 0.643 0.645 0.659 0.674 0.693 0.702 

15 0.594 0.607 0.626 0.639 0.643 0.645 0.663 0.677 0.695 0.704 

16 0.596 0.608 0.629 0.641 0.645 0.646 0.666 0.679 0.693 0.705 

17 0.596 0.610 0.631 0.640 0.649 0.646 0.664 0.680 0.691 0.707 

18 0.597 0.611 0.631 0.641 0.647 0.654 0.671 0.686 0.698 0.709 

19 0.598 0.613 0.632 0.641 0.651 0.659 0.673 0.684 0.701 0.713 

20 0.601 0.616 0.633 0.641 0.652 0.663 0.673 0.687 0.704 0.715 

21 0.601 0.616 0.635 0.643 0.654 0.667 0.677 0.688 0.706 0.721 

22 0.601 0.617 0.636 0.649 0.654 0.673 0.679 0.689 0.709 0.722 

23 0.602 0.619 0.639 0.646 0.656 0.665 0.683 0.689 0.711 0.723 

24 0.604 0.619 0.639 0.648 0.657 0.666 0.684 0.698 0.712 0.721 

25 0.604 0.620 0.641 0.649 0.659 0.668 0.688 0.696 0.714 0.719 

26 0.606 0.623 0.641 0.653 0.660 0.671 0.689 0.700 0.715 0.727 

27 0.607 0.624 0.642 0.655 0.664 0.671 0.692 0.702 0.717 0.729 

28 0.609 0.624 0.642 0.659 0.662 0.672 0.698 0.706 0.718 0.731 

29 0.613 0.626 0.644 0.661 0.667 0.674 0.698 0.705 0.723 0.733 

30 0.615 0.626 0.645 0.662 0.671 0.677 0.696 0.706 0.735 0.736 

31 0.619 0.627 0.646 0.661 0.671 0.673 0.700 0.710 0.729 0.737 

32 0.621 0.630 0.647 0.660 0.673 0.677 0.697 0.711 0.730 0.739 

33 0.624 0.630 0.650 0.663 0.675 0.679 0.701 0.713 0.733 0.740 

34 0.627 0.633 0.648 0.665 0.674 0.680 0.705 0.711 0.737 0.742 

35 0.627 0.634 0.651 0.665 0.676 0.681 0.709 0.715 0.735 0.743 

36 0.628 0.637 0.651 0.664 0.677 0.683 0.708 0.714 0.737 0.745 

37 0.630 0.639 0.654 0.667 0.682 0.687 0.707 0.716 0.739 0.748 

38 0.631 0.643 0.655 0.668 0.683 0.692 0.711 0.718 0.741 0.748 

39 0.634 0.643 0.659 0.671 0.685 0.693 0.716 0.720 0.741 0.749 

40 0.635 0.645 0.661 0.672 0.685 0.698 0.720 0.723 0.745 0.750 
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 Based on Table 4.5, it can be seen that NF01, NF02 and NF03 show proper 

increase by the increment of the temperature while NF04, NF05, NF06, NF07, NF08, 

NF09 and NF10 showed few fluctuation at certain temperature. However, the fluctuation is 

not too critical; where minimum fluctuation in this research is only 0.001 W/m.k as for 

example of NF04 at 17°C which give thermal conductivity value of 0.640 W/m.k 

compared to the reading before at 16°C which is 0.641 W/m.k while the maximum 

fluctuation are represented by NF07 at 11°C and 12°C and NF09 at 30°C and 31°C 

respectively with fluctuation of 0.006 W/m.k changes. 

 Graph plotted in Figure 4.2 indicates the thermal conductivity data pattern versus 

temperature. The pattern of increasing is quite uniform for all nanofluids from NF01 to 

NF10 includes standard. It can be said that factors influenced the growth of thermal 

conductivity is not only the increasing ratio (weight percentage) of nanoparticle but also 

the rise of temperature as well.  

 All nanofluid samples also managed to achieve higher thermal conductivity than 

standard which proves that adding more nanoparticle would affect thermal conductivity. 

 Higher thermal conductivity among nanofluid is representing by NF10 at 40°C 

which is 0.750 W/m.k whilst the lowest reading is posses by CNF01 at 6°C by 0.584 

W/m.k. It is reported that NF05 with 0.5 (wt%) of CNF and NF06 with 0.6 (wt%) of CNF 

thermal conductivity value were quite close to each other as can be seen in Figure 4.3.  

 NF10 which consist of maximum CNF nanoparticle used compared to other 

samples were dominating high thermal conductivity at all temperature ranging from 6°C to 

40°C  followed by NF09, NF08, NF07, NF06, NF05, NF04, NF03, NF02 and lastly NF01 

which have only 0.1 weight percentage of CNF in it. Standard deionized water recorded 
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was slightly below than NF01, with its highest thermal conductivity is 0.620 W/ m.k at 

40°C. 

 

 

Figure 4.2: Thermal conductivity trend for NF01 to NF10 at temperature 6°C to 40°C 
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 The pattern of increasing thermal conductivity data was influenced by few factors. 

Mintsa et al. (2007) in his research on thermal conductivity of CuO and Al2O3 nanofluids 

has mentioned that effective thermal conductivity of nanofluid was increase as the 

temperature rising. This is might due to the increment of brownian motion of particles as 

the temperature increases. Brownian motion can be describe as kinetic energy of particle 

itself rising as temperature being increased which made the particle moves vigorously 

which resulted the increasing in thermal conductance. 

  Therefore, as the thermal conductivity data collected from temperature 6°C to 

40°C keep rising for all samples, it proves that the temperature raise increase the thermal 

conductivity of nanofluid. According to Ding et al. (2007) Brownian motion can 

influenced thermal conductivity in two ways which are direct contribution andindirect 

contribution. Direct contribution is related to the transportation of heat by nanoparticles 

while indirect contribution is based on the micro-convection of fluid surrounding 

individual nanoparticles. 

 Besides temperature factors, the analysis of collected data showed that the thermal 

conductivity of nanofluid is increase as the nanoparticles volume fraction is increases. The 

thermal conductivity was increased in orderly from CN01, CN02, CN03 until CN10. This 

might due to the increasing of nanoparticles viscosity which may helps in enhancing the 

heat transfer potential. Thus, higher amount of CNF from Pyrograf III HHT-24 will gives 

better thermal conductivity. The thermal conductivity growth with the increment of 

temperature as well as the weight percentage of the nanoparticles. The addition of 

nanoparticle will enhance thermal conductivity. 

 There were few other factors that can be controlled from the earlier stage of 

nanofluids preparation. The pH control is one of the methods used to improve the stability 
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of nanofluids instead of the usage of surfactant additives. Based on the results of pH 

reading in Table 4.2, if the initial pH reading did not falls into the range of 8.8 to 9.2, the 

samples would be added by acid or alkaline to ensure it pH reading was within the range. 

This is the reasons on why would the pH need to control be closely to nine. Nine is ideal 

ph reading for nanofluid, as it affected the stability which also would accidently influenced 

the thermal conductivity of nanofluid. Unstable nanofluid will give bad reading on thermal 

conductivity. 

 Based fluid is influencing thermal conductivities in the formed of enhancement. If 

the thermal conductivities of based fluid is high; thus, there will result few enhancement of 

nanofluid enhancement. The formula of enhancement percentage at Appendix A can 

proves the relation of based fluid thermal conductivities with the percentage of 

enhancement. 

 

4.4 Enhancement Analysis 

 Enhancement analysis is being carried out in order to see the effect of nanoparticles 

addition compared to usual based fluid. Equation 4.1 describes how enhancement 

percentage is calculated. 

 

Percentage of enhancement (%) = 
𝑇𝐶 𝑜𝑓 𝑛𝑎𝑜𝑓𝑙𝑢𝑖𝑑−𝑇𝐶 𝑜𝑓 𝑏𝑎𝑠𝑒𝑑 𝑓𝑙𝑢𝑖𝑑

𝑇𝐶 𝑜𝑓 𝑏𝑎𝑠𝑒𝑑 𝑓𝑙𝑢𝑖𝑑 
 × 100%                   (4.1) 

TC =Thermal conductivity 

 

 



IMRAN SYAKIR

52 
 

 Table 4.6 shows percentage of enhancement at 10°C, 20°C, 30°C and 40°C which 

graphically presented in Figure 4.4, 4.5, 4.6 and 4.7 respectively. Highest enhancement is 

dominated by NF10 at temperature 30°C with 23.28%, followed by NF09 at 30°C with 

23.12% enhancement. There was no nanofluid samples that show decrement as being 

compared to the based fluid, the least enhancement were at 2.43% at temperature 10°C of 

NF01. 

Table 4.6: Percentage enhancement (%) of nanofluid at  

10°C, 20°C, 30°C and 40°C. 

Sample 

ID 

Percentage of Enhancement (%) 

10°C 20°C 30°C 40°C 

NF01 2.43 2.56 3.02 2.42 

NF02 3.65 5.12 4.86 4.03 

NF03 7.48 8.02 8.04 6.61 

NF04 10.43 9.39 10.38 8.39 

NF05 10.78 11.26 11.34 10.48 

NF06 11.65 13.14 13.40 12.58 

NF07 14.61 14.85 16.58 16.13 

NF08 16.00 17.24 18.26 16.61 

NF09 18.78 20.14 23.12 20.16 

NF10 20.00 22.01 23.28 20.96 

 

   However, the enhancement of all nanofluids samples was fall drastically at 

40°C while NF04 demonstrate fluctuation enhancement as it decreasing by 1.04% at 10°C 

to 20°C, rising about 0.99% from 20°C to 30°C. 
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CHAPTER 5 

 

CONCLUSION AND RECOMMENDATIONS FOR FUTURE RESEARCH 

 

5.1 Conclusion 

 Research conducted has approved that nanoparticles addition does enhancing 

thermal conductivity of nanofluid. Not only influenced thermal conductivity uniformly but 

it does enhance nanofluid in increasing pattern since the addition amount of nanoparticles 

from 0.1 weight percentage to 1.0 weight percentage gives increasing thermal conductivity 

value. Besides, the reaction of nanofluid on temperature rising also has produce better 

thermal conductivity. Thus, it can be said that thermal conductivity of nanofluid is 

increasing as the ratio of nanoparticle increase as well as the temperature rising. Therefore, 

based on this research it can be said that, NF10 which have the highest weight ratio has 

give better performance on thermal conductivity of 0.750 W/m.k among other sample at 

high temperature of 40°C. NF10 has been highest thermal conductivity for all temperature 

ranging from 6°C to 40°C. Therefore, NC01 give the least thermal conductivity of 0.584 

W/m.k at 6°C. The thermal conductivity results was increasing as in order of all samples 

were increasing according to its CNF ratio; started with NF01, NF02, NF03, NF04, NF05, 

NF06, NF07, NF08, NF09 and NF10. In term of enhancement NF10 give highest 

enhancement at 30°C with 23.28% while the lowest enhancement possess by 2.43% of 

NF01 at 10°C. However, the resulted might be different if the research was covering the 

whole factors that influenced thermal conductivities. In this research, the factors that being 
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take into consideration were only the weight percentage of nanoparticle, dispersing agent, 

based fluid, temperature, pH value and ultrasonication process. Generally, the objectives of 

this research are fully achieved. 

 

5.2 Recommendations  

 In this research, each data does showed enhancement. However, the enhancement 

were not too high, it was even did not reach 25% of enhancement from based fluid. There 

were different types of based fluid such as deionized water and ethylene glycol. Each 

based fluid has it owned specific thermal conductivity. Low thermal conductivity based 

fluid will give better enhancement in thermal conductivity of nanofluids. Besides that, it 

may give better thermal conductivity if the ultrasonication process duration being 

lengthens. As the ultrasonication will help in stabilize the nanofluid thus give better 

thermal conductivity and showed higher enhancement. This suggestion can be take into 

consideration for further nanofluids study afterwards. 

 

 

 

 

 

 

 



IMRAN SYAKIR

55 
 

REFERENCES 

Antunes, M., Realinho, V., Solorzano, E., Rodriguez-Perez, M.A., De Saja, J.A., and 

Velasco, J.I, 2010. Thermal Conductivity of Carbon Nanofiber- Polypropylene Composite 

Foams. Defect and diffusion forum, pp. 996-1001. 

Barbhuiya, S., 2014. Chapter 8: Applications of Nanomaterials in construction industry. 

United Stated America. IGI Global, pp. 164-175. 

Bhutta, M.K.S., Omar, A. and Yang, X., 2011. Electronic Waste: A Growing Concern in 

Todays Environment. Economicss Research International, pp. 1-8. 

Bica, D., Vekas, L., Avdeev, M.V., Marinica, O., Socoliuc, V., Balasoiu, M. and Garamus, 

V.M., 2007. Sterically Stabilized Water Based Magnetic Fluids: Synthesis, Structure and 

Properties. Journal of Magnetism and Magnetic Materials. 311 (1), pp. 17-21. 

Boungiorno, J., Hu, L.W., Kim, S.J., Hannink, R., Truong, B. and Forrest, E., 2008. 

Nanofluids for enhanced economics and safety of nuclear reactors: An evaluation  of the 

potential features issues, and research gaps. Nuclear Technology 162 (1), pp. 80-91. 

Buonomo, B., Manca, O., Marinelli, L. and Nardini, S., 2015. Effect of Temperature and 

Sonication Time on Nanofluid Thermal Conductivity Measurements by Nano-flash 

Method. Applied Thermal Engineering. 91, pp. 181-190. 

Chandrasekar, M., Suresh, S. and Chandra Bose, A., 2010. Experimental Investigations 

and Theoretical Determination of Thermal Conductivity and Viscosity of Al2O3- Water 

Nanofluids. Exp. Thermal Fluid Science. 34, pp. 210-216. 

Choi, S., 2006. Nanofluids for Improved Efficiency in Cooling Systems. Heavy Vehicle 

System Reviews. Argonne National Laboratory-362 Auditorium. 

Chopkar, M., Sudarshan, S., Das, P. and Manna, I., 2008. Effect of Particle Size on 

Thermal Conductivity of Nanofluids. Metal and Mat Trans A, pp. 1535-1542. 



IMRAN SYAKIR

56 
 

Chung, S.J., Leonard, J.P., Nettleship, I., Lee, J.K., Soong, Y., Martello, D.V. and Chyu, 

M.K., 2009. Characterization of ZnO Nanoparticle Suspension in water: Effectiveness of 

Ultrasonic Dispersion. Powder Technology. 194 (1-2), pp. 75-80.  

De Jong, K.P. and Geus, J.W., 2000. Carbon Nanofibers: Catalytic Synthesis and 

Application. Catalysis reviews, 42 (4), pp. 481-510. 

Ding, Y.L., Chen, H.S., He, Y.R., Lapkin, A. and Butenko, Y., 2007. Forced Convective 

Heat Transfer of Nanofluids. Advance Power Technology, 18, pp. 813-824. 

Eastman, J.A., Choi, S.U.S., Li, S., Yu, W. and Thompson, L.J., 2001. Anomalously 

Increased Effective Thermal Conductivities of Ethylene glycol-based Nanofluid 

Containing Copper Nanoparticles. Applied Physics Letters. 78 (6). pp. 718-720. 

Elias, M.M., Mahbubul, I.M., Saidur, R., Sohel, M.R., Shahrul, I.M., Khaleduzzaman, S.S. 

and Sadeghipour, S., 2014. Experimental Investigation on the Thermo-Physical Properties 

of Al2o3 Nanoparticles Suspended in Car Radiator coolant. International Communications 

in Heat and Mass Transfer, 54. pp. 48-53. 

Fang, Y.K., Walvekar, R.G. and Kaveh, S., 2014. Preparation and Stability of Graphene 

Nanofluids Using Ionic Liuid Analogues, The 2nd Engineering Undergraduate Research 

Catalyst Conference (Eureca), Malaysia, 2-3 July 2014, Taylor’s University Publisher. 

Firouzar, E., Soltanieh, M., Noie, S.H. and Saidi, S.H., 2011. Energy Saving in HVAC 

system using nanofluid. Applied Thermal Engineering. 31, pp. 3-9. 

Fedele, L., Colla, L.,Bobbo, S., Barison, S. and Agresti, F. 2011. Experimental Stability 

Analysis of Different Water-Based Nanofluids. Nanoscale Research Letters, 6 (300). 

Han, Z.H., Cao, F.Y. and Yang, B., 2008. Synthesis and Thermal Characterization of Phase 

Changable Indium/Polyalphaolefi. Applied Physics Letter. 92 (24). 

Hong, J., Kim, S.H. and Kim, D., 2007. Effect of Laser Irradiation on Thermal 

Conductivity of ZnO Nanofluids. Journal of Physics, 59, pp. 301-304. 



IMRAN SYAKIR

57 
 

Hong, T.K. and Yang, H.S., 2005. Nanoparticle-Dispersion-Dependent Thermal 

Conductivity in Nanofluids. Journal of the Korean Physical Society, 47, pp. 321-324. 

Hwang, Y.J., Ahn, Y.C., Shin, H.S., Lee, C.G., Kim, G.T., Park, H.S. and Lee, J.K., 

2006.Investigation on characteristics of thermal conductivity enhancement of nanofluids. 

Current Applied Physics, 6 (6), pp. 1068-1071. 

Jang, S. and Choi, S., 2007. Effects of Various Parameters on Nanofluid Thermal 

Conductivity. Journal of Heat Transfer. 129 (5), pp. 617-623. 

Kakac, S. and Pramuanjaroenkij, A., 2009. Review of Convective Heat Transfer 

Enhancement with Nanofluids, Journal Heat and Mass Transfer, 52, pp. 3187-3196.  

Kanaris, A.G., Mouza, A.A. and Paras, S V., 2009. Optimal Design of a Plate Heat 

Exchanger with Undulated Surfaces. International Journal of Thermal Science. 48 (6), pp. 

1184-1195. 

Kao, M.J., Chang, H., Wu, Y.Y., Tsung, T.T. and Lin, H.M., 2007. Producing Aluminium-

Oxide Brake Nanofluids Manufactured Using Plasma Charging system. Journal of Chinese 

Society of Mechanical Engineers. 28 (2), pp. 123-131. 

Kao, M.J., Lo, C.H., Tsung, T.T., Wu, Y.Y.,Jwo, C. S. and Lin, H.M., 2007. Copper-Oxide 

Brake Nanofluids Manufactured Using Arc-Submerged Nanoparticle Synthesis system. 

Journal of Alloy and Compound, 434-435, pp. 672-674. 

Keblinski, P., Phillpot, S.R., Choi, S.U.S. and Eastman, J.A., 2002. Mechanisms of heat 

flow in suspension of nano-sized particles (nanofluids). Journal Heat Mass Transfer. 45 

(4), pp. 855-63. 

Khatak, P., Jakhar, R. and Kumar, M., 2015. Enhancement in Cooling Components by 

Nanofluids. Journal of The Institution of Engineers (India). 96 (3), pp 1-7. 

Kim, S.J., Bang, I.C., Buongiorno, J. and Hu, L.W. 2007. Study of Pool Boiling and 

Critical Heat Flux Enhancement. Bulletin of the Polish Academy of Sciences-Technical 

Sciences. 55 (2), pp. 211-216. 



IMRAN SYAKIR

58 
 

Kim, S.J., Bang, I.C., Buongiorno, J. and Hu, L.W. 2007. Surface Wettability change 

during pool boiling of Nanofluids and its Effect on Critical Heat Flux. International 

Journal of Heat and Mass Transfer. 50 (19-20), pp. 4105-4116. 

Kim, Y.A., Hayashi, T., Endo, M. and Dresselhaus, M.S., 2011. Carbon Nanofiber. 

Springer Handbook of Nanomaterial, pp. 2-27. 

Kole, M. and Dey, T.K., 2010. Viscosity of Alumina Nanoparticles Dispersed in Car 

Engine Coolant. Experimental Thermal and Fluid Science, 34 (6), pp. 677-683. 

Lee, J and Mudawar, I. , 2007. Assessment of the effectiveness of nanofluids for single-

phase and two-phase heat transfer in micro-channels. International Journal Heat Mass 

Transfer. 50 (3), pp. 452-463. 

Liang, J., Saha, M. C. and Altan, M. C., 2013. Effect of Carbon Nanofibers on Thermal 

Conductivity of Carbon Fiber Reinforced Composites.  5th BMSE International Conference 

on Thermal Engineering, pp. 814-820. 

Lichao, F., Ning, X. and Jing, Z., 2014. Carbon Nanofibers and Their Composites: A 

Review of Synthesizing, Properties and Applications. Materials 2014, 7, pp. 3919-3945. 

Lo, C.H., Tsung, T.T. and Chen, L.C., 2005. Shape Controlled Synthesis of Cu based 

Nanofluid Using Submerged Arc Nanoparticle Synthesis System(SANSS). Journal of 

Crystal Growth, 277, pp. 636-642.   

Mahbubul, I.M., Shahrul, I.M., Khaleduzzaman, S.S., Saidur, R., Amalina, M.A. and 

Turgut, A., 2015. Experimental Investigation on Effect of Ultrasonication Duration on 

Collodal Dispersion and Thermophysical Properties of Alumina-Water Nanofluid. 

International Journal of Heat and Mass Transfer, 88, pp. 73-81. 

Maxwell, J. C., 1873. A treatise on electricity and magnetism. (1st ed.). Oxford University 

Press, Oxford,New York: Oxford University Press. 



IMRAN SYAKIR

59 
 

Mintsa, H.A., Roy, G., Nguyen, C.T. and Doucet, D., 2009. Temperature Dependent 

Thermal Conductivity Data for Water-based Nanoflids. International Journal of Thermal 

Sciences, 48, pp. 363-371. 

Minsta, H. A., Roy, G. and Nguyen, C.T., 2007. New Temperature Dependent  Thermal 

Conductivity Data for Water-Based Nanofluids. Proceeding on the 5th IASME/WSEAS 

International Conference on Heat Transfer, Athens, Greece, 25-27 August. 

Mohamad, I.S., Chitrambalam, S.T. and Hamid, S.B.A., 2012. Investigation on the 

Thermo-Physical Properties of Nanofluids-Based Carbon Nanofibers Under Modified 

Testing Conditions.  Int. Journal Nanoelectronics and Materials 5, pp. 25-30 

Mohamad, I.S., Hamid, S B.A, Chin, W.M, Yau, K.H. and Samsuri, A., 2011. Nanofluid –

based Nanocarbons: An Investigation of Thermal Conductivity Performance. Journal of 

Mechanical Engineering and Technology, 3 (1) , pp. 79-87. 

Mukherjee, S. and Paria, S., 2013. Preparation and Stability of Nanofluids-A review.  IOSR 

International Journal of Mechanical and Civil Engineering, pp. 63-69.  

Namburu,P.K., Kulkarni, D.P., Dandekar, A. and Das, D.K., 2007. Experimental 

Investigation on Viscosity and Specific Heat of Silicon Dioxide Nanofluids. Micro Nano 

Letter, 2, pp. 67-71. 

Namburu, P. K., Das, D. K., Tanguturi, K. M. and Vajjha, R.S., 2009. Numerical Study of 

Turbulent flow and Heat Transfer Characeristics of Nnaofluids Considering Variable 

Properties. International Journal of Thermal Science, 48 (2), pp. 290-302. 

Nguyen, C.T., Roy, G., Gauthier, C. and Galanis, N., 2007. Heat transfer enhancement 

using Al2O3- Water Nanofluid for an Electronic Liquid Cooling System. Applied Thermal 

Engineering, 27, pp. 1501-1506. 

Özerinҫ, S., 2012. Enhanced Thermal Conductivity of Nanofluids: A state-of-the-art 

review. Microfluidics and nanfluidics, pp. 145-170. 



IMRAN SYAKIR

60 
 

Ravi Sankar, B., Rao, N. and Rao, S., 2012.  Nanofluid Thermal Conductivity - A Review. 

International Journal of Advances in Engineering and Technology, 5, pp. 13-28. 

Ruan, B. and Jacobi, A. M., 2012. Ultrasonication effects on thermal and rheological 

properties of Carbon Nanotubes Suspensions. Nanoscale Research Letters, 7 (1), pp. 127. 

Ruas, P.C., Fischer, D.K. and Gelesky, M.A., 2013. PVP-Stabilized Palladium 

Nanoparticles in Silica as Effective Catalysts for Hydrogenation Reactions. Journal of 

Nanotechnology, pp. 1-6. 

Sadeghinezhad, E., Mehrali, M., Saidur, R., Mehrali, M., Latibari, S.T., Akhiani, A.R. and 

Metslaar, H.S.C., 2014. A Comprehensive review on Graphene Nanofluids: Recent 

Research, Development and Applications. Energy Conversion and Management, 111, pp. 

466-487. 

Saidur, R., Leong, K.Y. and Mohammad, H.A., 2011. A Review on Application and 

Challenges of Nanofluids. Renewable and Sustainable Energy Reviews, 15, pp. 1646-1668. 

Salimpour, R.M. and Parizi, A. D., 2014. Convective Heat Transfer Of  Nanofluids Flow 

Through Conduits with Different Cross Sectional Shape. Journal of Mechanical Science 

and Technology. 29 (2), pp. 707-713. 

Shanker, S.N., Reddy, M.C.S and Rao, V.V.B., 2012. On Prediction Of Viscosity Of 

Nanofluids For Low Volume Fractions Of Nanoparticles. International Journal of 

Engineering Research & Technology, 1 (8). 

Shivasanmugam, P., 2012. Application of Nanofluid in Heat Transfer. Mechanical 

Engineering, pp. 1-10. 

Sidik, N.A.C., Mohammed, H.A., Alawi, O.A. and Samion, S., 2014. A Review on 

Preparation Methods and Challenges of Nanofluids.  International Communications in 

Heat and Mass Transfer, 54, pp. 115-125. 



IMRAN SYAKIR

61 
 

Singh, A.K. and Raykar, V.S., 2008. Microwave Synthesis of Silver Nanofluids with 

Polyvinylpyrrolidone (PVP) and Their Transport Properties. Journal of Colloid Science, 

286, pp. 1667-1673. 

Singh, D., Toutbort, J. and Chen, G., 2006. Heavy Vehicle Systems Optimization Merit 

Review and Peer Evaluation. Annual Report, Argonne National Laboratory. 

Sohel, M.R., Khaleduzzaman, S.S., Saidur, R., Hepbasli, A., Sabri, M.F.M. and Mahbubul, 

I.M., 2014. An Experimental Investigation of Heat Transfer Enhancement of a 

Minichannel Heat Sink Using Al2O3-H2O Nanofluid.  International Journal of Heat and 

Mass Transfer. 74, pp. 164-172. 

Solangi, K.H., Kazi, S. N., Luhur, M.R., Badarudin, A., Amiri, A., Sadri, R., Zubir, 

M.N.M., Gharehkhani, S. and Teng, K.H., 2015. A Comprehensive Review Of Thermo-

Physical Properties and Convective Heat Transfer to Nanofluids. Energy. 89, pp. 1065-

1086.  

Sonage, B. K and Mohanan, P., 2014. Characterization of Zinc Oxide Nanoparticles Used 

for Preparation of Nanoofluids. Procedia Materials Science, 5, pp. 1160-1164. 

Taurozzi, J., Hackley, V. and Wiesner, M., 2012. Preparation of Nanoparticle Dispersions 

from Powdered Material using Ultrasonic Distruption in: NanoEHS Protocols. National 

Institute of Standards and Technology, Gaithersburg, Maryland. 

Tsai, C.Y., Chien, H., Ding, P.P., Chan, B., Luh, T.Y. and Chen, P.H., 2004. Effect of 

Structural Character of Gold Nanoparticles in Nanofluid in Heat Pipe Thermal 

Performance. Material Letters, 58, pp. 1461-1465. 

Wang, B.X., Zhou, L.P. and Peng, X.F., 2003. A Fractal Model for Predicting the Effective 

Thermal Conductivity of Liquid with Suspension of Nanoparticles. International Journal 

of Heat and Mass Transfer, 46 (14), pp. 2665-2672. 

Wang, X. Q. and Mujumdar, A. S., 2008. A Review on Nanofluids-part ii: Experiments 

and Application. Brazilian Journal of Chemical Engineering, 25 (4). pp. 631-648. 



IMRAN SYAKIR

62 
 

Waterloo Maple Inc., 2008. Designing a More Effective Car Radiator. Unpublished note, 

Maplesoft. 

Wei, X.and Wang, L., 2010. Synthesis and Thermal Conductivity of Microfluidic Copper 

Nanofluid. Particuology. 8 (3). pp. 262-271. 

Wei, Y. and Huaqing, X., 2012. A Review on Nanofluid: Preparation, Stability 

Mechanisms and Applications. Journal Nanomaterial. pp. 1-7. 

Wong, K.V. and De Leon, O., 2010. Applications of Nanofluids: Current and Future. 

Advances in Mechanical Engineering, 2, pp. 1-11. 

Wongcharee, K. and Eiamsa-ard.,  2011. Enhancement of Heat Transfer Using Cuo/water 

Nanofluid and Twisted Tape with Alternate Axis. International Communication in Heat 

and Mass Transfer, 38 (6), pp. 742-748. 

Yang, Y., Zhang, Z.G., Grulke, E.A., Anderson, W.B. and Wu, G., 2005. Heat Transfer 

Properties of Nanoparticle in Fluid Dispersion (Nanofluids in Laminar Flow). Journal 

Heat and Mass Transfer, 48 (6). 

Younes, H., Christensen, G., Li, D., Hong, H. and Al Ghaferi, A., 2015. Thermal 

Conductivity of Nanofluids: Review. Journal of nanofluids. 4 (2), pp. 107-132.  

Yu, W. and Choi, S.U.S., 2003. The Role of Interfacial Layers in Enhanced Thermal 

Conductivity of Nanofluids: A Renovated Maxwell Model. Journal of Nanoparticle 

Research 5, pp. 167-171.  

Yu, W., France, D.M., Routbort, J. L. and Choi, S.U.S., 2008. Review and Comparison of 

Nanofluid Thermal Conductivity and Heat Transfer Enhancement, Heat Transfer 

Engineering 29 (5), pp. 432-460. 

Zahari, F.N., Noor Salim, M.R.H., Mohamad, I.S., Abdullah, N. and Thiru, S, 2015. 

Thermal Properties and Heat Transfer Study of Dispersed Fluid with Functionalized Multi-

Walled Carbon Nanotube (MWCNT) Particles. Proceedings of Mechanical Engineer 

Research Day. Melaka, March 2015. Universiti Teknikal Malaysia Melaka. 



IMRAN SYAKIR

63 
 

Zainal Abidin, S., Mohamad, I.S., Abdullah, N. and Bani Hashim, A.Y., 2015. Effect of 

Nanocarbon Characteristics on Enhancing Thermal Properties of Nanofluids. Proceedings 

of Mechanical Engineering Research Day, Melaka, March 2015. Universiti Teknikal 

Malaysia Melaka 

Zaini, N. S., Syed Idrus, S. N, Abdullah, N., Husin, M. H. M. and Mohamad, I. S., 2015. 

Comparison of Thermal Conductivity for HHT-24 CNF-based Nanofluid using Deionized 

Water and Ethylene Glycol as Based Fluid. Proceedings of Mechanical Engineer Research 

Day, Melaka, March 2015. Universiti Teknikal Malaysia Melaka. 

Zawrah, M.F., Khattab, R.M., Girgis, L.G., El Daidamony, H. and Abdel Aziz, R.E., 2015.  

Stability and Electrical Conductivity of Water-base Al2O3 Nanofluids for Different 

Applications.,HRBC Journal. (In Press, Corrected Proof) 

Zhu, H., Han, D., Meng, Z., Wu, D. and Zhang, C., 2011. Preparation and Thermal 

Conductivity of CuO Nanofluid via a Wet Chemical Method. Nanoscale Research letter.6 

(181), pp. 1-7. 

 

 



IMRAN SYAKIR

64 
 

APPENDIX A 

Sample calculation for 0.1 wt5 CNF 

 

 
 Density of deionized water (g/cm3) : 1.0 
  
 Density of CNF (g/cm3)  : 2.0 
 

Density of PVP (g/cm3)  : 1.6 

 

wt % CNF    : 0.1 

wt %  PVP    : 20 

 

 

 

 Mass of CNF 

 Weight % of CNF = (0.1/100) × 40 ml  

     = 0.04 g 

 

 Volume of CNF 

 V = mass/ density 

     = 0.04/2.0 

     = 0.02 ml 

 

 Mass of PVP 

 Weight % of PVP = (20/100) × 0.04 

      = 0.008 g 

 

 Volume of PVP 

 V = mass/ density 

     = 0.008/1.6 

     = 0.005 ml 

  

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

              = 40 ml – (0.02 + 0.05) 

              = 39.975 ml 
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Percentage Enhancement of Nanofluid 

 

 

Percentage of enhancement (%) = 
𝑇𝐶 𝑜𝑓 𝑛𝑎𝑜𝑓𝑙𝑢𝑖𝑑−𝑇𝐶 𝑜𝑓 𝑏𝑎𝑠𝑒𝑑 𝑓𝑙𝑢𝑖𝑑

𝑇𝐶 𝑜𝑓 𝑏𝑎𝑠𝑒𝑑 𝑓𝑙𝑢𝑖𝑑 
 × 100%          (4.1) 

TC =Thermal conductivity 

 

Example of Nanofluid Thermal conductivity of NF10 at 40°C 

Percentage of enhancement (%) = 
(0.750−0.620)

0.620
 ×100% 

        = 20.96% 
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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 
 
__________  
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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) × 100 (1) 

 

 TC of based fluid  
 

* T.C = thermal conductivity 

 
Table 1 Percentage enhancement (%) of all samples.  

Temp 
Percentage enhancement (%) 

NC1 (wt% ) NC2 (wt% ) 
(
o
C) 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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