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ABSTRACT 

 

 

Heat transfer through fluids is essentially convection dominated which strongly depend on 

the thermal conductivity of the fluid. Mixtures of solid materials in fluid were used by a lot 

of researchers to improve heat transfer. However, many problems had been discovered 

such as big particle size lead to abrasion and clogging to the system. Therefore, this 

research was applying nanomaterials which seemed to be a great material to disperse better 

in fluids. The objective of this research was to design a nanofluids formulation by used of 

CNT additive for thermal conductivity and heat transfer media enhancment. In designing 

nanofluid-based CNT for heat transfer media by used of selected modified CNT, which 

appropriate for nanofluid purpose due to high purity of CNT and surface functionality. The 

selected CNT have been characterized for compositional, morphology, functionality, 

texture and surface area analysis. These analyses have been determining the properties of 

selected CNT as a suitable material for nanofluid formulation. Nanofluids were prepared to 

undergo a number of processes that have been set to achieve a satisfactory level of 

stability. Each sample of the experiment was including H2O + Carbon Nanotube + 

dispersant agent. The prepared nanofluids have been undergoing several screening tests to 

check the stability, thermal conductivity and heat transfer performance. Based on the 

finding of this research, it can be concluded that the improvement achieves for a sample of 

nanofluids show an imperative result which was meet the objective of the research. 
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ABSTRAK 

 

 

Proses Pemindahan haba dengan menggunakan cecair ditentukan melalui perolakan kuat 

yang dikenakan terhadap sebuah sistem kekonduksian bendalir. Campuran bahan pepejal 

dalam cecair yang digunakan oleh ramai penyelidik sebelum ini dengan tujuan bagi 

meningkatkan kebolehan sistem pemindahan haba. Walau bagaimanapun, terdapat banyak 

masalah yang dihadapi seperti kesan saiz zarah yang besar mengakibatkan hakisan dan 

penyumbatan  berlaku kepada sistem. Oleh itu, kajian ini dijalankan menggunakan bahan 

nano yang lebih halus untuk dihuraikan ke dalam cecair. Objektif kajian ini juga adalah 

bertujuan merekabentuk satu formulasi cecair-nano dengan menggunakan karbon nano-

tiub (CNT) sebagai bahan tambahan dan perantara untuk meningkatkan kekonduksian 

haba dan pemindahan haba. Dalam merekabentuk cecair-nano berasaskan CNT ini, 

nisbah yang sesuai perlu diperolehi kerana sifat cecair-nano bergantung kepada ketulenan 

CNT dan fungsi pada permukaan bahan tersebut. CNT yang dipilih bergantung kepada 

analisis yang dijalankan terhadap ciri-ciri seperti komposisi, morfologi, fungsi, tekstur dan 

analisis pada kawasan permukaan. Analisis ini bertujuan memberikan gambaran awal 

kesan terhadap pemindahan haba yang diperoleh dalam penghasilan cecair-nano. Cecair-

nano yang terhasil perlu menjalani beberapa proses pemantauan untuk memastikan is 

berada pada tahap yang memuaskan terutamanya dari segi aspek kestabilan. Setiap 

sampel eksperimen yang diperolehi melalui penggabungan H2O + karbon Nanotiub + ejen 

pengurai. Cecair-nano yang disediakan perlu menjalani beberapa ujian untuk mengkaji 

kestabilan, kekonduksian terma dan prestasi pemindahan haba. Berdasarkan keputusan 

kajian ini, dapat disimpulkan bahawa peningkatan bagi setiap nano-cecair menunjukkan 

keputusan yang baik bagi memenuhi objektif utama kajian. 
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CHAPTER 1 

 

INTRODUCTION 

 

1. Background 

For the past few decades, many researchers have been trying to compete with each 

other on progressing to discover the application of carbon material The carbon material is 

one of the most fascinated studies due to enhancement in science and technology 

development. To achieve their goals in carbon material studies, many researchers have 

reported that carbon material can be applied into different categories of implementation. 

The researchers commence from advance material studies until biological and engineering 

application within the most paramount science challenges in this world. In conjunction to 

enhance the application of carbon material in this thesis, a few types of research and 

experiments have been done due to exposure on researcher with the advantages and 

capability of carbon material, especially on carbon nanotubes (CNT) utilization. In this 

thesis, the main revelation is to increase the performance of thermal conductivity of carbon 

material additive in heat transfer media. 

The carbon material is one of the best materials for science and technology 

development. Carbon nanotubes are selected for this research because they have special 

properties such as the unique characteristic due to heat adsorption on thermal conductivity. 

This is because the materials have strong vibrations of the carbon atoms propagate easily 

down the tube. There are many types of application of the carbon material, especially 

activated carbon that can be implemented in engineering application. The major finding 
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need to be achieved in this research is to produce nanofluids with carbon based material to 

be a mixture of host water based fluid. Carbon material has a variety of potential 

applications in liquid suspension in term of amending performance of heat transfer 

efficiency. 

Low thermal conductivity is a primary circumscription in the development of 

energy efficient heat transfer fluids required in many industrial and commercial 

applications. To overcome this constraint, an incipient class of heat transfer fluids was 

developed by suspending carbon nanotubes in these fluids. The resulting heat transfer 

nanofluids possess significantly higher thermal conductivity compared to water based 

liquids. 

An experiment and investigation on heat transfer characteristic improvement using 

various media have been found as a promising method to enhance the thermal properties of 

the working fluid in heat transfer application. One of the new methods was applied in this 

research is dispersing the CNT with deionized water to prepare the nanofluids for 

conventional heat transfer fluids. It can be assumed that, to demonstrate a significant 

increment in nanofluids heat transfer properties. Most of the others recent investigation 

proves that the nanofluids with carbon based as an additive can be enhanced by up to three 

times higher to be compared with the carrier fluids. The improvement of thermal 

conductivity is due to the large surface area of nanomaterial applied into the water-based 

fluids. 

In this experiment, the application of dispersing CNT is the most challenging 

processes, especially during the preparation of nanofluids because of its hydrophobic 

properties which affect the stability of the nanofluids. The formulations of CNT need to be 
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measured by optimizing quantity, to ensure the best performance of nanofluids for heat 

transfer.  

The dispersing agent as a surfactant is used as plays a major role in ensuring the 

CNT dispersed into fluids optimum condition and can be stabilized in long time duration. 

There are many types of a dispersing agent which are having different kinds of 

applications. In this experiment, various quantities of Sodium Dodecyl Sulphate (SDS) 

were selected among the numerous other dispersion agents to find the best formulation of 

nanofluids. 

 

1.1 Research Objective 

i. To design a nanofluids formulation using a Carbon Nanotube based additive 

that has been enhancing the thermal conductivity. 

ii. To increase the performance of Carbon Nanotube based for heat transfer media. 

 

1.2 Research Scope 

This research scope is divided into several types of experiment setup and testing. 

The first step is to decide the synthesis of nanofluids-based CNT. In this research, two 

types of CNT have been used which is Pyrograf CNT and Nanoamor CNT with functional 

hydroxides (-OH). The next step was to characterize the CNT using a few analysis 

techniques which are compositional, morphology, functionality, texture and surface area 

analysis. The other scope of this research is to find the best formulation of nanofluids by 

using CNT as an additive combined with surfactant into water based. Then, the stability 

tests were conducted for the nanofluids either the nanofluids in a better condition or not. 
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Then, the thermal conductivity test has been investigating the enhancement of nanofluids 

to be compared to water based fluid. Finally, the research was observed into the test to be 

measured the capability of heat transfer performances which have been done to the 

nanofluids. 

 

1.3 Problem Statement 

This research looks into to study about to enhance the heat transfer system 

performance using deionized water with carbon-based materials applied. Most of the heat 

transfer system in current industrial applications used water-based as heat transfer media. 

Since the thermal conductivity of these based liquids is low, enhancing the performance of 

many engineering devices become an issue especially heat transfer systems. Suspension 

with CNT based on the thermal properties has a high thermal conductivity up to three times 

better than conventional water to encounter this problem. However, the enhancement of 

thermal properties of nanofluids is depending on the shape size, concentration, 

characterization and stability of the nanoparticles (Teng, 2013).  

The most difficult thing occurred in this research was to disperse the CNT into 

deionized water with stability maintain up to more than 24 hours. This is to ensure the 

hydrophobic properties of CNT to the water have been overcome. A surfactant such as 

Sodium Dodecyl Sulphate (SDS) was added into the suspension as one of the solutions for 

solves the problem. However, it depends on the formulation of nanofluids which a better 

formulation should be obtained to prevent sedimentation that can affect the performance of 

thermal conductivity of nanofluids and heat transfer systems from clogging. 
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Conventional water without any additive has a particle size in micron which was 

used as a benchmark for thermal conductivity for nanofluids in this research. CNT as a new 

additive in water was small in size of more than 150 nm which used to improve the 

performance of heat transfer media by enhancing the surface area of the fluid. From the 

achievement of nanofluids performance, downsizing of heat transfer systems can be 

conducted in the future study. 

 

1.4 Methodology Overview 

Heat transfer through a fluid is essentially in a convection process which strongly 

depends on the thermal conductivity of the fluid. A big particle size fluid may lead to 

precipitation, abrasion and clogging in heat transfer systems. Therefore, nanomaterials 

seem to be a great material which can disperse better in fluids.  

Figure 1.1 shows the research flow in this research and it is divided into three (3) 

phases. The first phase is determined and studies the current research that has been 

conducted by previous researchers with reference to the performance and the capability of 

CNT and heat transfer media.  

The second phase is to design a nanofluids formulation using CNT additive for heat 

transfer media, which will enhance the thermal conductivity and heat transfer efficiency. In 

designing nanofluids-based CNT for heat transfer media, the modification of selected 

CNT, which is appropriate for nanofluids purposes, such as high purity of CNT and surface 

functionality was characterized for compositional, morphology, functionality, texture and 

surface area analysis. These analyses will determine the properties of selected CNT as a 

suitable material for nanofluids formulation. During the progress, the CNT was developed 
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with different morphology for nanofluids formulation. The morphology of the prepared 

CNT was done by using Field Emission Scanning Electron Microscopy (FE-SEM) and the 

surface area finding was confirmed from Nitrogen Adsorption Analysis.  
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Figure 1.1: Methodology Flow Chart 
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The next step in the second phase is the formulation of nanofluids by the adding of 

CNT and SDS surfactant in Deionized Water solution. A lot of modification of formulation 

should be done to stabilize it in 24 hours to make sure no sedimentation occurred after that 

period. Based on the previous studies, there are few types of the process need to be 

conducted in this phase such as homogenizing and ultrasonication for nanofluids in that 

will be discussed in the next chapter. 

The last phase is to measure the nanofluids using three progression levels. First, a 

device called Stability Test Rig (STR) has been constructed to check the stability of the 

nanofluids. The fabrication of the device and function had been discussed in the next 

chapter. Two different types of CNT was used to produce nanofluids formulation were 

carried to the next step in order to measure thermal conductivity and heat transfer 

enhancement at three different temperatures 6°C, 25°C and 45°C. The reason used three 

different temperature is to make a comparison with three type situation which are cold, 

ambient and hot temperature. The results of the investigations on nanofluids thermal 

conductivity enhancement have been compared and discussed with along the standard 

deionized water result. 
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CHAPTER 2 

 

LITERATURE REVIEW 

 

2 Nanotechnology 

The term "nanotechnology" was popularised by Japanese engineers, Taniguchi et 

al. (1974). His stated that a new technology has surpassed the ability in controlling 

materials and engineering in the twentieth century had previously dominated by the scale 

of microns. Nanotechnology can be described as more sophisticated technologies with the 

use of nano-scale. The various definitions of nanotechnology are now expanded by various 

parties in the situation reasonably and accurately in order to customize the correct meaning 

of it.  

In addition, the definition of nanotechnology components such as ' nanofiber ', also 

refers to the use of nano-scale and indeed every word beginning with ' nano ' that can be 

used in General by writing as ' nanoX ', can be defined as ' nanoscaleX '. By referring to the 

materials and systems used, the nanotechnology can be defined as components and 

structures that exhibit novelty and influence an increase in the implications of chemical, 

physical and biological Nanotechnology properties are also phenomenon as it possesses the 

capability to change and control the properties of materials at certain settings. In the studies 

that have been conducted before, the nanoscale can be considered includes a range of sizes 
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from 1 to 100 nm. Basically, consensus on fundamental nanoscale does not have a strong 

rationale (Mamalis, 2007). 

Nanotechnology is a multidisciplinary field that encompasses a wide range of 

aspects in terms of the use to develop the engineering, biology, physics and chemistry. It is 

a field of science that is so small that it involves the use and manipulation of matter on a 

small scale. Figure 2.1 were shown the various types shape uses for nanomaterial 

projection such as Carbon Based Materials, Metal Based Materials, Dendrimers, and 

Composites. 

 

 
 

Figure 2.1 : Type of Nano Size Material 

(Source: www.cmir.mgh.harvard.edu) 

 

Nanotechnology has also been introduced into the field of science and technology, 

such as robotics, biology and medicine, fibre-optic communications network, aerospace 

technology, advanced materials technology, chemical engineering and precision 

manufacturing (Miyazaki et al. 2007). Nanotechnology can be developed through ongoing 

technological advances in a number of disciplines, where the commercial opportunities 

arising from engineering industry and classified research is very useful in this field. Many 

researchers expect the benefits would not be fully realized at the beginning of this 

nanotechnology development. However, the contribution of research increased 
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aggressively in rolling, scientists and researchers in various scientific fields moving in 

parallel to increase the competitiveness of nanotechnology development through academic 

research. Other than that, most companies have directed their research and development 

activities in order to work hard towards exploring opportunities through nanotechnology 

(Corbet, 2008). 

Nanotechnology is an important technology where it can offer companies and the 

industry's ability to create products that are more efficient, reliable, environmentally 

friendly, safer and more profitable. It is also used in solving the case to create a product 

that is virtually impossible to achieve. Although the application of nanotechnology was 

using a complicated process, they are example to release the macro components such as X-

ray microscope and telescope mirrors and other achievable (Lieber et al. 2003). The main 

goal of nanomaterial scientists finding today are also observe interpreted to control certain 

things like morphology (nanoclusters, nanowires, nanotubes, etc.), the structure, 

composition, and size based on the characteristics of the physical properties of the material 

to be produced (Uskokovic, 2007). 

 

2.1 Carbon materials 

There was some research carried out actively on carbon material study like carbon 

fibre. For example, the study has been undertaken by (Kostić et al. 2006) and (Trisakri et 

al. 2007), where are the state that their studies on carbon drastically start in the year 1970 

to 1980 through a very small diameter of carbon filament. Preparation methods for this 

carbon are done by using deposition hydrocarbon in a temperature that high passing 

through particle transition metal condition. In this case, carbon materials that occur in 
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various forms like graphite, diamond, fullerence, nanofiber carbon (CNF) and carbon 

nanotube (CNT) discovered. Material carbon also could be prepared by using many 

methods based on the type and amounts of carbon needed to produce. 

Materials that based on carbon and its application is topics that develop rapidly in 

scientific research among scientists and engineer. It also has attracted scientists from 

various fields like physics, material science, biological, mechanic, electronic, and 

engineering (Calvert et al. 1999). Material development carbon like CNT mostly help in 

their application development research due to the discovery of a new form carbon and 

because a theme to be dealt with research borderless in this area. CNT is divided into two 

classifications of single-walled and multi-walled which have features that differ from each 

other depending on their use. 

 

2.1.1 Carbon Nanotubes 

Carbons nanotubes have attracted an interest of many researchers to pioneer fully 

CNT capacity (Saito et al. 1998). They made an impressive finding by an extraordinary 

field like features electronic, mechanical engineering features and chemical feature of 

material into their potential to study nanotubes. It was regarded by the statement from 

Zhang et al. (2007) as materials expected by scientist can help too on study on rigidity, 

strength and light weight of the CNT. In other hand, CNT saw to be able to contribute in 

technology development such as elements electronic active in the nanometer size electric 

circuit and tips in scanning probe microscopy (Tawfick et al. 2009).  

In order to understand this study, Lefevre et al. (2004) describes that the application 

uses CNT material can be benefit for any engineering process, especially in the detection 
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of nanoporous as storage and thermal conversion for material additive. The advantage in 

high thermal conductivity of CNT is the core to getting research results in order to improve 

the quality of heat transfer as described by (Xuan et al. 2000). They mention that the 

thermal properties found in the nanoparticles can be increased by 40% compared to any of 

the original capacity. This shows that the seriousness of the impact of this increase applied 

to a number of developments and use of technology. 

Carbon nanotubes (CNT) mostly have a hollow part with a maximum inside 

diameter, 5 nm, and a maximum part thickness, 10 nm (Jodin et al. 2006). Some other 

results conducted by Moodley et al. (2009) describe that the expectation and analysis        

re-arrange measurement during the reduction treatment to produce wide particle size 

distribution ranging from 4 nm to 20 nm. Nanotube carbonaceous can be considered to 

have an excellent conductivity which is one advantage in technology development due to 

the statement mention by Nerushev et al. (2001) describe that new kinds of a composite 

material containing CNTs as a reinforcing agent could provide extremely strong but also 

lightweight construction materials for advance application. Figure 2.2 shows the 

appearance of CNT using Field Emission - Scanning Electron Microscopy (FE-SEM). 

 
 

Figure 2.2 : CNT Characterization Using Field Emission Scanning Electron Microscopy 

(FE-SEM) 

(Source: www.nano-lab.com) 
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Through the CNT, Berber et al. (2000) mentioned other mechanical properties 

which are electrical and thermal conductivity are high due to the graphite structure. As the 

available information indicates that the composites maintain or improve mechanical 

performance metrics. Moreover, nanomaterial-filled composite showed enhanced thermal 

conductivity. 

 

2.1.2 Single Walled CNT 

Carbon nanotubes include both single and multi-walled structures. Single Wall 

Carbon Nanotubes (SWCNT) is made of a carbon layer is formed and can also be 

described as a cylindrical graphene sheet (Iijima et al. 1991). SWCNT Consist of a 

cylindrical graphite sheet of nanoscale diameter capped by hemispherical The hexagonal 

carbon network of the nanotube walls during the growth process in the closure of the 

cylinder is the result of pentagon inclusion as shown in Figure 2.3 with typically have 

diameters around 1nm. Based on consideration of the stress energy built into the cylindrical 

structure, this corresponds to the predicted lower limit for stable SWCNT formation. 

 
 

Figure 2.3 : Single-Walled Carbon Nanotubes 

(Source: www.azonano.com) 
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2.1.3 Multi-Walled CNT 

Multi Wall Carbon Nanotubes (MWCNT) is made of several layers of carbon and 

can be described as graphitic cylinders, with the distance between each layer is estimated 

to be 0.34 nm (the same as in graphite). Outside diameter of MWCNTs between 10 to 50 

nm and the inner diameter are usually only a few nanometers (Iijima et al. 1991). The 

longest range of MWCNT is mainly around 2-100nm for each tubes distribution. The 

illustration of the multi-walled CNT can be described as Figure 2.4. 

 
 

Figure 2.4 : Multi-Walled Carbon Nanotubes 

(Source: ec.europa.eu) 

 

 The comparisons between two types of CNT indicate that SWCNT is much better 

than MWCNT because of the surface area created on SWCNT is much larger than 

MWCNT (Iijima et al.., 1991).    

 

2.2 Characterization 

2.2.1 Textural Investigations 

The textural investigation usually focuses on the surface properties of CNT such as 

surface area, pore types, pore size and porosity. It is believed that a lot of understandings 

about CNT capabilities can be obtained through textural investigation. According to Iijima 
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et al. (1991), many unique properties of CNT are depended on their structures and 

morphologies. When coming to detailed comparisons between experiment and theory, 

well-controlled and characterized specimens (diameter, length, quantity, structural 

perfection, impurity, and homogeneity) are eventually needed. When the diameters of a 

certain CNT are above 200 nm, it is considered to be hollow (tubes). However, for the 

diameter around 100 nm and below, it is formed as wires (Curiale et al. 2004). 

An example of CNT surface properties was shown in the research carried out by 

Rakhi et al. (2009) in which he stated that CNT possesses excellent electron transfer rate, 

which is larger than conventional carbon electron and also allows surface chemistry for 

tathering foreign biomaterials such as enzymes and nucleic acids. Although it is said to be 

stronger than diamond, improvement in tensile, compressive and flexural properties can 

still be done and the physical and mechanical properties of the identified nanomaterial-

reinforced polymer composite were characterized by experimentation in order to ascertain 

them (Frederick et al. 2008). 

CNT is also not readily dispersible in a fluid. According to Grulke et al. (2009), the 

dispersion is improved by chemical etching, coupling agents, surfactants, dispersant, 

polymer wrapping, etc. These modifications often change the transport properties of the 

nanotube. 

Without disperse agent given, nano carbons do not disperse in solution lies at one 

matrix polymer. The reason is easy enough because addition from system extended pi-

electron system leads to strong attractive Van Der Waals forces that are aggravated by the 

fact that tubes can interact over extended distances when aligned side by side (Zhao et al. 

2003). 
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An example of successful dispersion of CNT and fluid is activated carbon. 

Activated carbon (AC) has been proven to be an effective adsorbent for the removal of a 

wide variety of organic and inorganic pollutants dissolved in aqueous media, or from the 

gaseous environment. It is a widely used adsorbent in the treatment of wastewaters due to 

its exceptionally high surface areas which range from 500 to 1500 m2g−1, well developed 

internal microporosity structure as well as the presence of a wide spectrum of surface 

functional groups (Yin et al. 2006). Apart from the interaction of CNT along a polymer 

chain, Yoke et al. (2005), found out that vertically aligned-multi walled carbon nanotubes 

(VA-MWNTs) are not as resistant as diamond against ion erosion. Erosion rate can be 

higher than 2.5 μm/hour under the irradiation of 250 eV Xe ions. The melting of the 

catalyst particles (Fe and Ni) at the tips of Multi-Wall CNT is one of the reasons for such a 

high erosion rate. Figure 2.5 shown the detonation of carbon nanodiamond is amorphous. 

 
 

Figure 2.5 : Detonation of Nanodiamond 

(Source: nanopatentsandinnovations.blogspot.com) 

 

In the case of carbon-based materials emission, the factors influencing the field 

assisted emission are nature of the bonding of the carbon material, namely it is diamond-

like σ bonds (sp3 type bonding) or graphite like π bonds (sp2 type bonding) and the nano 

dimension of the self-aligned carbon-based nanomaterials (Satyanayarana et al. 2006). 
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2.2.2 Adsorption properties 

The unique microporous structure of carbon nanotubes is speculated to have 

remarkable adsorption properties. Theoretical studies have shown that N2 adsorption 

surface area of arrays of single-walled nanotubes (SWNTs) could be as high as 3000 m2/g 

(Sandeep et al. 2004). According to Quantachrome Corporation (2010), pore size and pore 

volume measurements have been almost exclusively limited to the adsorption of Nitrogen 

and Argon. But some pores (or parts of pores) accessible to H2 may not be accessible to 

other molecules because of size restrictions or due to very slow diffusion. 

Hydrogen (H2) is suitable for the analysis of pore size distribution or pore size 

distribution (PSD). The PSD is one of the essential factors in characterizing mesoporous 

materials. The nitrogen adsorption isotherms at 77 Kelvin have been utilized to calculate 

the PSD of many porous adsorbents. In the past, nitrogen adsorption isotherms were 

studied using fractal theory (Ferreiro et al. 2010). Fractal theories demonstrate a limit in a 

complex physical process by searching for a simpler process underneath.  

 Nitrogen (N2) adsorption in the other hand emphasizes the changes in the 

intraparticular structure of the particles during compression (Westermack, 2000). Generic 

problems that always arise are impurities, which can readily coat the surface of SWNT 

bundles, thus influencing adsorption on the external surface of the outermost nanotubes of 

the bundle (Sandeep et al. 2004). 

 Because of their cylindrical and hollow geometry, and nanometer-scale diameters, 

it has been predicted that carbon nanotubes can store a liquid or a gas in the inner cores 

through a capillary effect (Daenen et al. 2003). It is reported that SWNTs were able to 

perform this criterion by using gas phase adsorption (physisorption) (Daenen et al. 2003). 
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In the terms of hydrogen storage within nanotubes, it will depend on a variety of 

parameters, including storage capacity and nanotube purity (Kalenczuk et al. 2005).  

 

2.2.3 Isotherms and Hysteresis Loops 

Adsorption was defined as the adhesion of atoms or molecules of gas to a surface. It 

should be noted that adsorption is different from absorption, in which a fluid permeates a 

liquid or solid. The amount of gas adsorbed depends not only on the exposed surface area 

but also on the temperature, gas pressure and strength of interaction between the gas and 

solid.  

In Brunneauer Emmet Teller (BET) surface area analysis, nitrogen is usually used 

because of its availability in high purity and its strong interaction with most solids. 

Because of the interaction between gaseous and solid phases is usually weak, the surface is 

cooled using liquid N2 in obtaining detectable amounts of adsorption. Known amounts of 

nitrogen gas are then released into the sample cell. Relative pressure, which is less than 

atmospheric pressure was achieved by creating conditions of a partial vacuum. After the 

saturation pressure, no more adsorption will occur regardless of any further increase in 

pressure. Highly precise and accurate pressure transducers monitor the pressure changes 

due to the adsorption process. After the adsorption layers are formed, the sample is 

removed from the nitrogen atmosphere and heated in order to cause the adsorbed nitrogen 

to be released from the material and quantified.  

Measurements of gas adsorption isotherms are widely used for determining the 

surface area and pore size distribution of solids. With the use of this tool is intended to 
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obtain the results of the characterization of CNT as initial estimates data collection and 

comparison between the ability of nanofluids based on the characteristics of the materials.  

The use of nitrogen as the adsorptive gas is recommended if the surface areas are 

higher than 5m2/g. The first step in the interpretation of a physisorption isotherm is to 

identify the isotherm type. This in turn allows for the possibility to choose an appropriate 

procedure for evaluation of the textural properties. In spite of the oversimplification of the 

model on which the theory is based, Nonspecific Brunauer-Emmett-Teller (BET) method is 

the most commonly used standard procedure to measure surface areas. The BET equation 

is applied at low P/P0 range and it is written in the linear form: 
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In which; P0 is the saturation vapour pressure, na is the amount of gas adsorbed at 

the relative pressure P/P0, the name is the monolayer capacity, and c is the so-called BET 

constant. If the adsorption isotherms are of type IV according to IUPAC classification, 

Equation 3.1 can be applied for determining the surface areas and pore volumes from 

adsorption isotherms. The pore size distributions can be calculated from desorption 

isotherms. At the starting point for nitrogen desorption, the pores are completely filled with 

nitrogen gas. Gradually lowering the pressure will result in desorption of measurable 

quantities of nitrogen. From these data, the pore volume and pore size distribution are 

obtained. The pores are usually classified according to their widths as micropores 

(diameter less than 2 nm), mesopores (diameter between 2 and 50 nm) and macropores 

(diameter exceeding 50 nm). 
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The data collected is displayed in the form of a BET isotherm, which plots the 

amount of gas adsorbed as a function of the relative pressure. There are 6 types of 

adsorption isotherms possible as shown in Figure 2.6. 

 

Figure 2.6: Adsorption Isotherm 

(Source: pac.iupac.org) 
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2.2.3.1 Type I is a pseudo-Langmuir isotherm because it depicts monolayer adsorption. A 

type I isotherm is obtained when P/Po < 1 and c > 1 in the BET equation, where 

P/Po is the partial pressure value and c is the BET constant, which can be related 

to the adsorption energy of the first monolayer and varies from one solid to 

another. The characterization of micro porous materials, which is those with pore 

diameters less than 2 nm, gives this type of isotherm. Refer to adsorption on the 

micro porous adsorbent. 

2.2.3.2 Type II isotherm is very different than the Langmuir model. The flatter region in 

the middle represents the formation of a monolayer. A type II isotherm is obtained 

when c > 1 in the BET equation. This is the most common isotherm obtained 

when to use the BET technique. At a very low pressure, the micro pores are filled 

with nitrogen gas. At the knee, monolayer formation is beginning and multilayer 

formation will occur at medium pressure. At higher pressure, capillary 

condensation occurs. 
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2.2.3.3 Type III isotherm is obtained when c < 1 and shows the formation of a multilayer. 

Because there is no asymptote in the curve, no monolayer is formed and BET is 

not applicable. It shows the adsorption on macro porous adsorbent with strong and 

weak adsorbate-adsorbent interactions. 

2.2.3.4 Type IV isotherms occur when capillary condensation occurs. Gases that are 

condensed in the tiny capillary pores of the solid in which at pressures below the 

saturation pressure of the gas. At low-pressure regions, it will show the formation 

of a monolayer followed by a formation of multilayers. BET surface area with the 

characterization of mesoporous materials, which are materials with pore diameters 

between 2 - 50 nm, will produce this type of isotherm.  

2.2.3.5 Type V isotherms are very similar to type IV isotherms and are not applicable to 

BET  

2.2.3.6 Type VI Isotherm represents stepwise multilayer adsorption on a uniform 

nonporous surface. The step height will now represent the monolayer capacity for 

each adsorbed layer and, in the simplest case, remains nearly constant for two or 

three adsorbed layers. 

 

Each loop is divided into 3 regions which are for the first region expresses the 

feature of micropores and usually has the surface area about 800m2/g and above. It can be 

referred to as Type I of the adsorption isotherm, which was influenced by the amount of N2 

that has been adsorbed deep into the micropores represents relative pressure from 0.1 to 

0.3. 

The second region indicates the presence of mesopores represents relative pressure 

from 0.3 to 0.7. If the loop has some space between adsorption and desorption plot line, it 
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means that the mesopores distribution is high and the phenomenon is called ‘Hysteresis 

Loops’. The surface area of the second region is usually between 200-700m2/g. It can be 

referred to as Type IV and V of the adsorption isotherm. 

The third region indicates the presence of macropores represents relative pressure 

from 0.7 to 0.999. It usually has the surface area of below 200m2/g. The third region can be 

referred to as Type II and III of the adsorption isotherm. Type VI of the adsorption 

isotherm is a rare occurrence with a very low surface area (below 100 m2/g) and with the 

insufficient sample. The loop formation can sometimes be caused by high macropores 

distribution, shallow pore depths and almost non-porous surface layer. 

 

2.2.4 Interpretation of Hysteresis loop types 

 

Figure 2.7: Hysteresis Loop Pattern  

(Source: pac.iupac.org) 

 

Based on Figure 2.7, hysteresis loop occurred in the existence of condensation 

phenomena where Nitrogen absorbed deep into mesopores in liquid form at a very low 

temperature during adsorption. Some of them are difficult to be described back to low 
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pressure causing a space between adsorb and desorbtion plot line. Size or shape of 

hysteresis loop will depend on type or shape of the presence mesopores.  

 

 Type H1 can be interpreted as a regular and even pores without interconnecting 

channels. 

 Type H2 can be interpreted as pores with narrow and wide section and with 

possible interconnecting channels. 

 Type H3 can be interpreted as having a slit-like pore that would yield type II 

isotherm without pores. 

 Type H4 can be interpreted as having a slit-like pores that would yield type I 

adsorbent-adsorbate pair. 

Pore dimensions cover a very wide range. Pores are classified according to three main 

groups depending on the access size: 

 Micropores: less than 2 nm diameter  

 Mesopores: between 2 and 50 nm diameter  

 Macropores: larger than 50 nm diameter  

Porosity is the internal void space in which a porous material can be measured. It is 

generally expressed as a void volume (in cc or ml) divided by a mass unit (g). The specific 

surface area is a macroscopic parameter which can be helpful in adjusting the synthesis 

conditions of carbon nanotubes. 
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2.2.5 Morphology  

2.2.5.1 FE-SEM (Field Emission-Scanning Electron Microscope) 

In this research investigation, the nanotubes and nanowires are promising 

candidates of ideal field emission electron sources because of their high aspect ratio 

geometry and small tip radius of curvature. Since the discovery of carbon nanotubes (CNT) 

in 1991, they have been the most promising material due to their unique structure and 

properties (Ijima et al. 1991). 

Carbon nanotube (CNT) has been considered as a prime candidate material of cold 

cathode emitter for Field Emission (FE) application in vacuum microelectronic devices 

(Tseng et al. 2005). The small diameter and high aspect ratio of single CNT will generate 

higher local electric field enhancement effect and lower threshold field. Other properties 

such as high emission current, low power consumption and the ability to operate in 

moderate vacuum further demonstrate why CNT may be a better choice for FE applications 

(Kim et al. 2000). 

The measurements of the FE properties were performed by using a three-axis nano-

positioning device which was equipped inside an SEM. This device consists of two parts: 

an inertial walker for x–y-axis and an inch worm unit for the z-axis. 

 

2.3 Nanofluids 

The words nanofluids are applied for a suspension of solid in conventional fluids 

with the most prominent features of such fluids include enhanced heat transfer 

characteristic (Das et al. 2003). There are a lot of things can be related to nanofluids such 

as convective heat transfer coefficient and thermal conductivity in comparison to the based 
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fluid without considerable alterations in physical and chemical properties. Nanofluids, 

stable colloidal mixtures of nanoparticles usually having the potential to achieve need in a 

cooling system that's well-performed highly use with dimension very small nanoparticle 

usually less than 100 nm (Kostic et al. 2006). Nanoparticles are very small with dimension 

usually less than 100 nm.  He also mentions that nanoparticles can possess properties that 

are substantially different from their parent materials and may have properties different 

from their base fluid such as higher thermal conductivity. Meanwhile, Trisakri (2007) 

reported that conventional fluids such as water, engine oil and ethylene glycol are normally 

used as heat transfer fluid. The use of solid particles as an additive suspended in the base 

fluid is a technique for heat transfer enhancement. Increase thermal conductivity is keynote 

increase heat transfer. 

 

2.3.1 Materials for nanofluids preparation 

A carbon nanotube is the important material to set up the preparation of the 

nanofluids using a mixing combination with a surfactant as a catalyst and deionized water 

solution (Wypych et al. 2004). The catalyst use purposed to reduce the surface tension of 

water and perform easy mixing processes. The mixing materials need to go through the 

homogenized and ultrasonicated to dispersing the solution. The ultrasonicated need to 

apply for several minutes to facilitate the solution before homogenized with the high speed 

stirring process. This process needs to prepare with a different number of solution ratios to 

discover the best solution of nanofluids. Figure 2.8 show the distribution of the 

nanoparticles that fill the spaces available in liquid. 
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Figure 2.8 : Nanofluids 

 

2.3.2 Carbon Nanotubes in Fluids 

There are two different approaches to nanotube dispersion: mechanical (or physical) 

methods and chemical methods. Mechanical dispersion methods, such as ultrasonication, 

separate nanotubes from each other, but can also fragment the nanotubes, decreasing their 

aspect ratio during processing (Choi et al. 2001). Chemical methods use surfactants or 

functionalization to change the surface energy of the nanotubes, improving their wetting or 

adhesion characteristics and reducing their tendency to agglomerate in the continuous 

phase solvent (Keblinski et al. 2002). However, aggressive chemical functionalization, 

such as using neat acids at high temperatures, can digest the nanotubes. Both mechanical 

and chemical methods can alter the aspect ratio distribution of the nanotubes, resulting in 

changes in the properties of their dispersions. 

 

2.3.2.1 Pure CNT 

Pure CNT materials have great potential in terms of strength, stronger composite 

ceramic displaying multi-functional characteristics resulting high strength, high tensile 

strength, thermal and electrical conductivity higher than that of mixture CNT. The ratio of 
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the areas of which are associated with enhanced load transfer, dissemination homogeneous 

agglomeration act as the site where the stress concentration and bonding interface should 

be provided for effective reinforcement (Cho et al. 2009).  

 

2.3.2.2 Functional Group 

Covalent functionalization is one way to disperse CNTs in which the functional 

groups attached to the side of the CNT who defected to the site and the group head. 

Different functional groups lead to different characters to the surface and solubility. For 

example fluorinated CNTs study done by Mickelson et al. (1999) showed moderate 

solubility in an alcohol solvent (1 mg/ml) and carboxylated CNTs exhibit high solubility in 

polar solvents, such as water at high pH values. The purpose of this work is to study the 

effect of different functional groups (OH) on the ability of CNT in the matrix 

decomposition of deionized water.  

The purpose of this work is to study the effect of different functional groups (OH) 

on the ability of CNT in the matrix decomposition of deionized water. In this research, the 

use of machine such as Fourier Transform Infra Red (FTIR) is the best to determine the 

functionalization content in a CNT since Nanoamor CNT have this Hydroxyl (-OH) 

function group used. 

 

2.3.3 Dispersing Agent (Surfactant) 

CNT has hydrophobic properties which are the tendency of not to disperse in the 

liquid, particularly water. This is the nature of the challenges faced in forming stable 
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nanofluids without any sediment. The dispersing agent is needed to disentangle CNT 

particles in order to form a better solution. With the addition of dispersing agent, the 

dispersion of nanoparticles in liquids may deteriorate with time due to the aggregation of 

nanoparticles, which is caused by van der Waals bonding forces (Ghadimi et al. 2011). 

There are many kinds of dispersing agents are used depending on the character of 

the material and the desired outcome. In this study, one dispersion agent will be selected 

from is the Sodium Dodecyl Sulphate (SDS) which is studied by Fan et al. (2006) and Lu 

et al. (2008) due to homogenizing the CNT solution. SDS will be selected in this research 

due to easy to find and lower cost compared to the Arabic Gum. 

  

2.3.4 Nanofluids for heat transfer media  

Numerous investigations have thus been performed on high thermal conductivity 

nanofluids which also recognized as nanoparticles suspended in liquid suspension 

(Wypych et al. 2004). Based on Hong et al. (2005) explain that suspension of nanoparticles 

in fluid provides advantages due to better dispersion behaviour, less clogging and larger 

total surface area. Therefore, nanofluids have imperative potential due to improving the 

efficiency of heat transfer performance.  

Research shows that thermal conductivity plays the most important role in the 

development of energy efficient heat transfer and nanofluids are proven able to improve 

the thermal conductivity and heat transfer (Liu et al. 2005). While (Nakashima, 2006) and 

Dubey et al. (2005) reported that Nanocarbon such as carbon nanotube and carbon 

nanofiber has gained lots of attention among researchers due to their amazing electronic 
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and mechanical properties. However, the applications of nanocarbon are limited because of 

their insolubility in many solvents (Nakashima 2006). 

Many approaches to disperse nanocarbon in the fluid were carried out. Two popular 

methods were proven to disperse the nanocarbon in liquid very well. First method was by 

dispersing the nanocarbon using a surfactant and the other one by attaching the hydrophilic 

functional group onto the surface of nanocarbon using acid treatment method (Dubey et al. 

2006). 

 

2.4 Stability 

Dispersing carbon nanotubes in the fluid are the most challenging and critical to 

preparing carbon nanofluids. It has a very large specific surface area and strong Van der 

Waal’s forces between carbon surfaces and the dispersion of the CNT in an aqueous 

medium can be challenging due to the high aspect ratio of carbon nanotubes. CNTs are 

hydrophobic in nature and thus aggregate and form non-homogeneous and unstable 

clusters in the CNT nanofluids under normal conditions (Ko, 2007 and Jiang et al., 2007). 

Hwang et al. (2006) found two methods used which are mechanical and chemical to 

disperse carbon nanotubes in base fluids. The result is proving a statement by Hilding et al. 

(2003). Ultrasonication using a probe or a bath is a common mechanical method generally 

used by many researchers. This method is reliable to find out the formulation for the 

dispersion CNT to become nanofluids with homogenizing and ultrasonication. The other 

method which is chemical methods implements the application of CNT-functionalization 

and surfactant by using acids. The surfactant method has an advantage of changes the 

wetting or adhesion behaviour which helps in reducing their tendency to agglomerate. 
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Furthermore, CNTs may enlarge the thermal resistance between the CNTs and the base 

fluid when surfactant molecules attaching on the surfaces, which can affect the 

enhancement of the effective thermal conductivity (Garg et al., 2009 and Huxtable et al., 

2003).  

Chemical functionalization method was normally involving acid into CNT with a 

high temperature in from different sides (Chen et al. 2009). Strong oxidant like nitric and 

sulphuric acid generally used to treat functional group on nanotube (Jia et al. 2007) and 

(Tchoul et al. 2007). The functional oxidants affect a good stability on nanofluids where in 

order to create CNT become more hydrophilic during the dispersion process. However, 

there are a few disadvantages had been occurring due to aggressive chemical 

functionalization that can damage the CNT structure and shorten. This thing may decrease 

the thermal conductivity performance of nanofluids and even the enhancement of heat 

transfer coefficient which the main objective to be enhanced in this research (Osorio et al. 

2008) and (Datsyuk et al. 2008). The observation and comparison between mechanical and 

chemical methods can reduce a few properties of the nanotubes, which is not the desired 

condition. In another word, this experiment that needs to be done should consider 

overcoming with the higher is the thermal conductivity (Hao et al. 2008). Therefore, proper 

care has to be taken during processing to minimize adverse effects and result of the 

experiment. 

Many previous experimental results from researcher have focussed the influence 

factor of nanoparticle concentration due to thermal conductivity and stability from 

nanofluids (Assael et al. 2005). The other researcher focusing on dispersant (surfactant) of 

nanofluids Zhang et al. (2007), viscosity data of liquid compared to nanofluids (Peng et al. 

2007) and pH value state to maintain the stability of nanofluids (Li et al. 2009) and (Ding 
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et al. 2006). However, not too many studies have been found to directly point out the 

effects of the dispersion method on thermal conductivity and stability of nanofluids. In this 

research, one of overcoming method created for testing and calibrate the stability of 

nanofluids can maintain it stability for a long time period. 

 

2.4.1 Stability Inspection 

There are various methods have been outlined by many researchers to study the 

stability of the CNT. Each method and the equipment used have its own priorities 

depending on the study. 

The method used is the sedimentation balance which is calculated from the weight 

of sedimentation. The balance of the resulting CNT sedimentation will be washed and 

immersed in nano-suspensions. In this way the weight of the resulting nanoparticles 

deposition in a certain time period is measured (Zhu et al. 2007). Fraction suspension (Fs) 

nanoparticles at the time calculated using the formula in Eq. 2.1 

𝐹𝑠 =
(𝑊0−𝑊)

𝑊0
      Eq. 2.1 

Where W0 the total weight of all nanoparticles in space measured during preparation and W 

is the weight of sediment nanoparticles when tested. 

 

2.5 Thermal conductivity 

All heat transfer systems need a cooling application as medium requirement for 

heat exchange. For current heat transfer performance can be improved by enhancing the 

heat transfer fluid using a numerous technique (Zhu et al. 2009). Carbon nanotubes are one 

of the materials that have high thermal conductivity can be used as an additive into fluids 
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as a method of development heat transfer systems. Due to the nanoscale of material and 

high surfactant, the carbon nanotube is most permissible material for thermal conductivity 

performance development (Wen et al., 2004 and Assael et al., 2005). Nanofluids produce 

by carbon nanotubes can exhibit thermal conductivity value around 20-150% higher than 

using water based fluid as heat transfer media. This experiment has been conducted by a 

researcher from Argonne National Laboratory for the first time in 1995 where the 

dispersion nanoparticle mixture with liquid (Li et al. 2008). 

CNT has the highest thermal conductivity compared with metal or metal oxide 

materials. Chen et al. (2010) mentions that thermal coefficient values for single-walled 

carbon nanotube (SWNT) can achieve 6000 W/(m.K), double-walled carbon nanotube 

(DWNT) up to 3986 W/(m.K) and multi-walled carbon nanotube (MWNT) can be up to 

3000 W/(m.K). 

Choi et al. (2001) is the first team studies involving CNT that measure the 

effectiveness, thermal conductivity of synthetic oil with nanofluid 1.0 weight% MWNT 

dispersion. Based on their report, the increments achieve for thermal conductivity around 

160%. However, the increment of nanofluids was not observed by Xie et al. (2003). For 

nanofluids made of MWNT/water, MWNT/ethylene glycol, and MWNT/decent, and also 

by Assael et al. (2005) for MWNT/water nanofluids. The data that they conducted also 

focusing on the dispersion agent using Sodium Dodecyl Sulphate (SDS), Arabic gum (GA) 

and Cetyltrimethyl ammonium chloride (CTAB) used into aqueous MWNT nanofluids 

(Assael, 2005). They reported also mention that the particle size of material indirectly 

affected from time increment for homogenization and ultrasonication. Meanwhile, they 

also conclude that homogenized process with a longer time period might be decreasing the 

length and diameter ratio (aspect ratio) of carbon nanotube which leads to a subsequence 
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thermal conductivity low enhancement. Yang et al. (2006) also conducted the similar 

studies due to prove that this previous experiment a correct. 

From previous data gather on CNT-based nanofluids focusing on mechanism 

enhancement of thermal conductivity experiment, the variable result as a function consist 

of the type of liquid of fluid used, volume concentration between nanoparticle additive and 

dispersion agent, temperature variation to be measured. 

These three type of variable play the most important role to find out the best result 

in thermal conductivity as mention by Minsta et al. (2009) and Zhang et al. (2006). 

Meanwhile, other put their effort to studies on the effect of dispersion of nanofluid        

(Xue et al. 2006), term studies on acidity applied and diameter with an aspect ratio of 

carbon nanotube effect from homogenization (Hwang et al. 2007).  

The data on CNT nanofluids published due to thermal conductivity were based on 

the single type of CNT as a parameter without any comparison. MWNT nanofluids are the 

most favourable studies conducted to compare with SWNT nanofluid. Meanwhile, there 

are a few numbers of researchers have been carrying out their studies on Double Wall 

Nanotubes (DWNT) nanofluids. However, the fields of studies and experiment conducted 

have a similar target to find out the properties of CNT in the structure of diameter, aspect 

ratio and specific surface. These properties are the major cases to enhance the performance 

of heat transfer by comparing the thermal conductivity and stability of CNT nanofluids. 

The effect of temperature in this research had been considered where the Brownian 

motion gives a description in the temperature different analysis. In order to capture the 

phenomenon of transport, new thermal conductivity model for nanofluids was developed to 

determine the temperature dependence as well as the properties of the base fluid and 

IMRAN SYAKIR



36 

particle phase into the liquid on the environment considering travelling with randomly 

moving nanoparticles Koo et al. (2004). 

 

2.6 Heat transfer 

Most of the researchers found that metal or metal oxides have a high thermal 

conductivity to be compared with conventional fluids like water, oil and ethylene glycol. 

They have been conducting an experiment to find an effective media for heat transfer in 

order to overcome the problem. The nanoparticle is the new solution that has a potential to 

enhance the thermo-physical properties and structure heat transfer rate to replace the base 

fluids. Normally nanofluids in this era have a novel properties through potentially 

beneficial for a large number amount of heat transfer application, including a heat 

exchanger, cooling systems, fuel cells, microelectronic, vehicle thermal management and 

many more (Kakac et al. 2009). Furthermore, nanofluids have already perceived that the 

geometry of the tube can significantly affect the heat transfer rate. 

For heat transfer coefficient, the curvature effect on curved tube and resultant of 

centrifugal force was greater than a straight pipe. The different types of the tube can also 

enhance heat transfer based on the secondary flow motion. In this case, helical and spiral 

coiled tubes have to be utilized in order to enhance the heat transfer without involving a 

larger size space for systems (Dravid et al. 1971) and (Salimpour, 2008). However, a 

several precision should be noted that torsion effect will be more complicated for the 

helical coil in term of velocity fields in this research. 

A lot of investigation conducted due to thermal properties model to be measured by 

adding nanoparticles as a fluid based would enhance the thermophysical properties.      
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Choi et al. (2001) reported that 1% volume Multi-Walled Carbon NanoTube (MWCNT)-

Oil nanofluids show up to 150% enhancement in thermal conductivity compared to that of 

the pure oil. Yu et al. (2010) conducted an investigation on the thermal transport properties 

of ethylene glycol-based nanofluids containing copper nanoparticles. Both of them found 

that thermal conductivity of 5% volume was up to 46% higher than other based fluid 

media. Furthermore, some other researchers investigate the rheological properties of 

nanofluids (Li et al., 2002 and Chandrasekar et al., 2009). 

In addition, a few numbers of researchers have been exploring the implementation 

of convective heat transfer using different nanofluids. Heris et al. (2007) reported that the 

Nusselt numbers of nanofluids were obtained for different nanoparticles concentration as 

well as various Peclet and Reynolds numbers. In their study, (Al2O3 + H2O) was carried out 

in the circular tube as a convective heat transfer (Heris et al. 2007). The increase in heat 

transfer coefficient due to the presence of nanoparticles was evaluated much higher than 

the prediction single phase heat transfer correlation used with nanofluids properties 

(Futokian et al. 2010). His studies on the turbulent convective heat transfer performance 

and pressure drop. 
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CHAPTER 3 

 

METHODOLOGY 

 

3 Introduction 

This research is conducted by using an experiment in order to accomplish the research 

objectives. Three stage processes such were conducted the characterization, nanofluids 

preparation, and measurement capabilities of nanofluids. Each method is interrelated with 

the result of the experiment as it can achieve a certain extent enough to explicate the 

reasons for the CNT that enhance the heat transfer capability. 

The characterization process was done in order to indicate an initial overview of the 

conflicts between the two types of CNT used which are Pyrograf and Nanoamor. The 

enhanced capability and the utilization of nanofluids in heat transfer can be occurred from 

this characterization.  

The second process, which is preparing the nanofluids, the variable volume amount of 

dispersing agents and CNT needed to be considered in getting a stable nanofluids 

suspension. The stabilization of the nanofluids prepared in this process can be qualified by 

using the STR test in which a number of the stable nanofluid sample will be taken to the 

third process.  

In the third process, equipment was used to measure the capabilities of qualified 

nanofluids. The nanofluids were measured based on the capacity of material that can 
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increase heat transfer systems as a medium. In these processes, observation on the effect of 

a previous characterization of the process was evident in the nature of a substance. A 

conclusion can be drawn from scientific research of previous researchers. All of these 

stages were summarised as per Figure 3.1. 

 

Figure 3.1: Methodology Diagram 

 

3.1 Characterization 

3.1.1 Nitrogen Adsorption Analysis 

Adsorption occurs when a gas or vapor phase is brought into contact with a solid; 

part of it was taken and remained off the attached surface. In physisorption (physical 

adsorption), where there is Van der Waals attraction between the adsorbed weak and solid 

surface, the function and result for characterizing porous material were allowed in 

determining the specific surface area, pore size distribution and pore volume. 

There are some physicals characterizations of adsorption where the low heat of 

adsorption, not violent or having disruptive structural changes. It will also involve multiple 

layers of adsorbed, thus allowing the pore to achieve its desired size. High temperatures 

tend to prevent physical adsorption. Adsorption equilibrium can be achieved quickly 
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because there was no activation of energy that is usually required. Physical adsorption was 

fully reversible, allowing adsorbed to fully absorb and desorption to happen. 

 

3.1.2 Analysis of Diameter of Pore and Porosity (Pore Volume) 

Total pore volume is derived from the amount of vapor adsorbed at a relative 

temperature close to unity (assuming pores are filled with liquid adsorption). Total volume 

can be translated into an equation derived as follows. 

 𝑉𝑙𝑖𝑞 =
𝑃𝑎𝑉𝑎𝑑𝑠𝑉𝑚

𝑅𝑇
       Eq.3.2 

Vads = volume of gas adsorbed 

Vliq = volume of liquid N2 in pores 

Vm = molar vol. of liquid adsorbate (N2=34.7cm3/mol) 

Pa = ambient pressure 

T = ambient temperature 

The estimated average pore size of the pore volume has been obtained previously. 

Assuming cylindrical pore geometry (hysteresis type I), the average pore radius (rp) can be 

specified as: 

𝑟𝑝 =
2𝑉𝑙𝑖𝑞

𝑆
       Eq.3.3 

The other pore geometry model should require more information on the hysteresis 

isotherm before an appropriate model is applied.  
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3.1.3 Analysis of Surface Area 

 Brunauer Emmett Teller (BET) was the most common method used to describe the 

specific surface area. Setting of the values and calculation of the surface area of the sample 

run can be explained by the BET equation as follows:  

1

𝑊((𝑃0 𝑃⁄ )−1)
=

1

𝑊𝑚𝐶
+

𝐶−1

𝑊𝑚𝐶
(

𝑃

𝑃0
)                                        Eq.3.4 

W= weight of gas adsorbed  

P/P0= relative pressure 

Wm = weight of adsorbate as monolayer 

c = BET constant 

 

BET equation requires a linear plot of 1/[W(P/P0)-1] against P/P0. Based on the equation, 

the expansion formula was used to determine the Slope (s) and Intercept (i) of the Equation 

3.5 and 3.6 below.  

𝑠 =
𝐶−1

𝑊𝑚𝐶
                                                     Eq. 3.5 

      𝑖 =
1

𝑊𝑚𝐶
                                                       Eq. 3.6 

Common combinations of slope and intercept, the value of Wm (weight of monolayer) can 

be issued in order to simplify the calculation. The weight of monolayer also can be derived 

from the Equation 3.7.  

𝑊𝑚 =
1

𝑠+𝑖
                                                     Eq. 3.7 

Total Surface area (St) can then be derived 
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𝑆𝑡 =
𝑊𝑚𝑁𝐴𝑐𝑠

𝑀
                                                    Eq. 3.8 

N = Avogadro's number (6.023x1023) 

M = Molecular weight of Adsorbate 

Acs= Adsorbate cross sectional area (16.2Å2 for Nitrogen) 

 

Specific Surface Area (S) is then determined by total surface area by sample weight 

𝑆 =
𝑆𝑡

𝑤⁄                                                        Eq. 3.9 

3.1.4 Field Emission - Scanning Electron Microscopy Analysis (FE-SEM) 

As described in the previous chapter, the methodology of the FE-SEM equipment 

was adjusted based on the expansion of material structure in order to study the morphology 

of the material In this case, the object with 120,000 times magnification was used because 

it was considered to be at appropriate ratio to see the shape of the object more clearly and 

to facilitate the calculation CNT diameter. The photographs of the object obtained were 

described more detailed in the discussion section as well as the method of calculating the 

diameter of the CNT used. 

 

3.2 Nanofluids Preparation 

Nanofluids were prepared to undergo a number of processes that have been set to 

achieve a satisfactory level of stability. Each sample of the experiment was available in 

quantities of 100 ml including H2O + CNT + SDS. The calculation of the mass material 

needs in order to achieve the same sample volume for each other. The process of 

calculating the weight percentage of different CNT materials and Sodium Dodecyl 
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Sulphate (SDS) are done first. In this case, a lot of samples were produced with different 

formulations. The selection of the sample that suitable for the experiment depends on their 

stability and the formation of nanofluids sedimentary. The method of calculating the 

volume added of each material was done by using the Equation 3.10. 

𝑉𝑜𝑙𝑢𝑚𝑒, 𝑉 =
𝑊𝑒𝑖𝑔ℎ𝑡 𝑃𝑒𝑟𝑐𝑒𝑛𝑡 (𝑤𝑡%)

𝐷𝑒𝑛𝑠𝑖𝑡𝑦,𝜌
      Eq. 3.10 

The use of water was considered a medium to facilitate the calculation due to volume 

in ml and mass in gram for water no difference where water value of 1 gram equals 1 ml of 

water. The weight percentage of the CNT and SDS has been referred for the density of the 

material as a mention from Equation 4.9. The utilized electronic weighing scale also plays 

a role in the weight of the material, drawing more accurate and precise result. When the 

solution is in liquid form, it is sometimes convenient to express the solution concentration 

as a volume percent. The formula for volume percent (X/Y) was: 

Volume of solute (ml)

Volume of solution (ml)
× 100      Eq. 3.11 

Figure 3.2 show the flow of the method used to prepare nanofluids. A mixture of 

water, CNT and SDS in samples was being extended to homogenization process for the 

purpose of breaking the bond in the liquid substance so that additional material can be 

dispersed in water. SDS as a dispersing agent in this process helps to tease apart the surface 

tension. It between water and ions particle was making the CNT be attracted to water. Use 

of SDS is to change the nature of the carbon material from hydrophobic to such conditions 

that able to disperse in fluids. Spreading surface-active agent has been the major aims used 

to modify the hydrophobic material to enable dispersed in an aqueous solution Zhu et al. 

(2007). 
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Figure 3.2: Nanofluid Preparation Process 

 

The ultrasonic process is the next step after undergoing the homogenization. Process 

using an ultrasonic bath can disentangle the agglomeration result and this can be found on 

the CNT due to the homogenization process. In this case, the homogenization was used at a 

high speed of 10,000 rpm in which it can affect the structure of the nanotubes but was 

overcome by the application of ultrasonic for 1 hour.  Homogenization of 1 minute with 

same speed was done after the ultrasonic process. This method was used to ensure that the 

amount of CNT used will entirely disperse in the water. Nanofluids that have been created 

were left for 7 days with 24 hours monitoring on the stability of the nanofluids. This 

process has been done by researcher like Ghadimi, 2011 which stated that full stabilization 

process occurs after nanofluids at least 100 hours. 

 

3.3 Stability Test 

Nanofluids stability was a key part in this experiment. This is because the unstable 

nanofluid has affected the thermal conductivity to be decrease and the deposition arising to 

become contributors to the occurrence probability of blockage of the transfer system (Hao 

et al. 2008). Preparatory experiments conducted to examine the stability of these were 

Formulation Homogenizing Ultrasonicating Stabilzation Homogenizing
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intended to ensure that no deposition occurs in nanofluids using STR equipment that has 

been designed.  

Instability of nanofluids has been classified into two categories that can be used to 

identify which nanofluids can be adopted or rejected. The first category was rejected which 

because of not enough to disperse agent until CNT cannot disperse in the liquid perfectly. 

CNT cannot disperse directly without dispersing agent and deposition used to occur does 

not give any effect on increasing the thermal conductivity. The second category was the 

nanofluids has too much amount of CNT until it becomes excessive and intend to create 

the sedimentation. This surplus resulted in a deposition on the basis of nanofluids to form 

clots that could potentially contribute to the occurrence of clogging in heat transfer system. 

Excessive CNT was also considered a waste because the cost of materials used for the 

preparation of CNT was quite expensive. 

 
Figure 3.3: Sedimentation Process 

(Source: Ghadimi et al. (2011)) 
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Figure 3.3 show how the deposition process occurred. The materials at the bottom 

of the beaker are sediment material which occurs after a period of time. It indicates that the 

condition of nanofluids was considered in unstable state and cannot be used for the next 

process of the experiment. In other words, the deposition occurs if the amount of dispersing 

agent that use to break down the CNT material in a liquid were not enough. Excess of CNT 

material also contributes in the deposition, where the CNT does not have enough space to 

disperse in nanofluids because the excess of sedimentation poses at the bottom. 

Sedimentation caused by an excess of CNT material was shown in Figure 3.4. 

 

Figure 3.4 : Sedimentation for Excess of CNT Material 

 

In Figure 3.4, the deposition occurs at the base of the bottle show the occurrence of 

excess sediment of CNT. This sediment was agglomerate and forms a solid compression 

affecting the heat transfer system. To overcome the deposition, the exact ratio during the 

preparation of CNT nanofluids was must be taken into account. 

CNT Excess 

Sedimentation 
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By using Stability Test Rig (STR), it was found that the device successfully 

provides stable condition to measure the stability of nanofluids. This system works by 

turning the infrared laser light from the LED source. The sample was added to a bottle 

provided to test the stability of nanofluids. The nanofluids were in stable condition when 

the laser light from the LED was blocked from approaching the receiver component Light 

Diode Receiver (LDR). Thus, the LDR that not receive the light from the output will turn 

on the indicator lights. If nanofluids were in an unstable condition, the laser light that 

penetrate through nanofluids and capable of pointing directly to the light receiver. The 

effect of light shows that nanofluids were in an unstable condition and the display indicator 

lights turn off. 

This method was simple in practical and effective when compared to studies that 

have been done by previous research. The STR consists of two compartments that were 

made to differentiate between stable nanofluids and unstable nanofluids. 

 

Figure 3.5: Stability Test Rig (STR) Schematic 

 

The example of the stability tests performed is shown in Figure 3.5. The indicator 

light showed the laser light from the LED was stopped to point directly to the light 
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receiver. The LED lights indicate that the nanofluids are in a stable condition. This 

experiment was conducted for each sample of nanofluids.  

Table 3.1 shows conditions and the results produced by testing the stability of 

nanofluids using STR for pyrofgraf CNT based. According to the table pointed out that 

there are a number of samples were in stable condition. Monitoring studies conducted after 

the nanofluids were left for 100 hours to test stability. N100 to N105 sample is in stable 

condition and fit to undergo further process. While for sample N120 to N125 are in an 

unstable condition because of the CNT and the dispersing agent is not sufficient to form 

homogenous nanofluids. 

Table 3.1 : Formulation of Nanofluids (Pyrograf CNT) 

  

Sample N110 to N115 shows deposition at the base of the bottle. These things 

happen when nanofluids were left for more than 24 hours. By observing in general through 
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the bottle, it has been concluded that the sample was in a stable condition. However, 

sedimentation was occurring where the amount of CNT used is more than enough.   

Based on CNT Nanoamor stability results, it shows better stability compared with 

Pyrograf type. Table 3.2 indicates the stability of nanofluids for 0.1 wt% of CNT for 

samples N224 and N225 which were not happen to the Pyrograf (Table 3.1). Hence, the 

defective function of the hydroxide (-OH) effect plays a role in increasing the level of 

stability of nanofluids. From the result, the optimal usage of CNT can be determined when 

CNT with used wt% between 0.2-1.0 able to produce stable nanofluids for both Pyrograf 

and Nanoamor. Sample N210 to N215 show the instability condition because deposition 

occurred in the nanostructure, which indicates that the maximum optimal range of CNT is 

1.0 wt%. In order to facilitate the subsequent experiments, the optimal range of CNT usage 

(N100 to N105 for Pyrograf and N200 to N205 for Nanoamor) will be used.  

Table 3.2 : Formulation of Nanofluids (Nanoamor CNT) 
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3.4 Thermal conductivity 

In order to measure the thermal conductivity by using the temperature water bath, a 

jig with a slot for the bottles nanofluids with a volume capacity of 40 ml in Figure 3.6. The 

slot is directly immersed into temperature water bath so the bottle will have similar 

temperature with the temperature water bath container. 

 

Figure 3.6: Submerging Nanofluids Container Using a Jig. 

 

By using the equation to measured the result of thermal conductivity below, 

m

q
k

4
       Eq. 3.12 

where 

k is thermal conductivity 

q is the heat input 

m is the slope of a line relating temperature rise to logarithm of temperature. 

 

This approach has several advantages. One is that effects of contact resistance appear 

mainly in these early time data, so by analyzing only the later time data the measurement 

better represents the thermal conductivity of the sample of interest. 
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Temperature settings for this experiment were at 6°C, 25°C and 45°C for each 

sample by using a KD2 Pro Thermal Properties Analyzer. Each sample temperature has to 

be stabilized for 1 hour to reach temperature equilibrium before conducting data 

acquisition. The data for thermal conductivity was taken for every 15 minutes in a total of 

three times for each sample. The average value of the collected data will be calculated. 

3.5 Heat Transfer  

A One liter (1L) nanofluid was required to conduct the heat transfer test. The heat 

transfer test begins by setting the precise conditions of test system as shown in Figure 3.7. 

 

Figure 3.7: Heat Transfer System. 

 

One liter (1L) of nanofluids was poured into a vial system gradually. Then, the 

system starts pumping the nanofluids through temperature water bath with 5Hz frequency. 

Lower flow rate setting of the pump will provide high thermal equilibrium for each fluid. 

Each set was allowed for 10 minutes of stabilization then proceed for 5 minutes 

temperature data collection for three times to obtain an average value. The average data 

were extracted and plotted to compare the growth of heat transfer between both types of 

CNT nanofluids. Water-based deionized water was used as a benchmark for this test.  
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CHAPTER 4 

 

RESULT AND DISCUSSION 

 

4 Characterization 

Characterization test must be conducted to identify the properties of CNT material 

that support the final results of this research. In this study, the characterization was 

conducted to analyze the morphology of the CNT. The morphology of CNT gives an effect 

to the result of the heat transfer test. The morphology of the CNT can be described in term 

of the surface area, porosity nanotubes, Hydroxide (-OH) function, the effective size and 

diameter. 

 

4.1 BET Isotherm 

A sample of 0.2174 g of Nanoamor and 0.0888 g for Pyrograf was used in 

adsorption experiments to determine the isotherm results. Data collected from adsorption 

experiments were converted into graphs for further analysis of the hysteresis loop.  
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Figure 4.1 : Isotherm Comparison 

 

The graph of  the test results Figure 4.1 were used to determine the type of pores in 

each sample by comparing the curves of isotherm adsorption and hysteresis loops as shown 

in. Type of pore was established through a number of criteria as described as type H4 

where can be interpreted as having a slit-like pores that would yield type I adsorbent-

adsorbate pair. Here showed that the isotherm of Nanoamor was a combination of type I 

and type IV. This condition can be assumed that the samples used are mostly microporous 

pore with hysteresis. On the other hand, to Pyrograf also was a combination of type I and 

type IV isotherms which mean that it has microporous pore with a hysteresis loop.  

Microporous of each material formed by an impact surface area affect the heat 

transfer capacity. This is supported by research conducted by Li et al. (2004), which 
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concluded that the amount nitrogen adsorbed at this point can be used to evaluate the 

surface area of multi-walled CNTs investigated. This surface will affect the heat transfer. 

The higher the surface area will provide high heat transfer enhancement 

 

4.2 Assessment of BET Surface Area, Pore Volume and Pore Diameter. 

Data derived from the BET has been compiled into a table for a clearer comparison. 

CNT of 1 gram was used to conduct this experiment. The main purpose of this comparison 

is to analyze the impact of the CNT characteristics on thermal conductivity and heat 

transfer. The results achieved in the experiments also can be estimated based on this data. 

All data obtained including the surface area, pore volume, average pore size and micro 

pore volume are gathered in Table 4.1. 

 

Table 4.1 : BET Result 

BET Pyrograf Nanoamor 

Surface Area, m²/g 1718 1323 

Total Pore Volume, cc/g 1.078 0.8908 

Average Pore Diameter, Å 25.09 26.93 

Micropore Volume, cc/g 0.6845 0.5052 

 

The BET surface area obtained from the test shows that Pyrograf has the largest 

surface area with 1718m²/g compared to the Nanoamor with 1323 m²/g. This is due to the 

high distribution of micropores in the sample. Nanoamor has the lowest surface area even 

though it has a relatively large amount of micropores distribution.  

The total pore volume was a combination of micro pores, meso pores and macro 

pores. It plays an important in the porosity of each sample. The porosity of the material 

generated used to determine the performance and behavior as well as their adsorption 
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capacity of the adsorbent. Porous materials indicate the applicability in various fields of 

work. Pyrograf has the highest volume of a pore with 1.078 cc/g compared to Nanoamor 

with 0.8908 cc/g. This means that Pyrograf is the most applicable, compare to Nanoamor. 

The average pore size in this experiment is referred to the measurement of the 

porosity of each tube in the CNT. The data in Table 4.1 shows that the average pore size of 

Nanoamor has the highest rate of 26.93 Å to be compared with Pyrograf of 25.09 Å. Here, 

types from the micropores and large pore size did not mean to show a high surface area. 

The main purpose of this study was carried out to establish the effect of surface area to 

enhance the thermal conductivity. 

Micro pore volume is closely related to surface area and porosity. High 

measurements of micropores could increase the surface area and porosity reading. Pyrograf 

has the highest volume of micropores with 0.6845 cc/g compared to Nanoamor results at 

value 0.5052 cc/g. It shows that Pyrograf does have the highest surface area and porosity, 

thus making it the most applicable sample to reach the optimum enhancement of heat 

transfer. 

From the data analysis results obtained favor the Pyrograf, it can be estimated that 

Pyrograf seems to be have a better enhancement than Nanoamor interm of the number of 

surface area. The surface area plays an important role in heat transfer through the heat flow 

law of thermodynamics. The formula for the rate of heat flow is stated by Eq. 4.1 

ΔQ / Δt = -K × A × ΔT / x     Eq. 4.1 

Where: ΔQ / Δt is the rate of heat flow 

-K is the thermal conductivity factor  

A is the surface area  
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ΔT is the temperature 

x is the thickness of the material 

ΔT/x is called the temperature gradient and heat flow is always negative because of 

the heat energy is always going from high temperature to low temperature. 

 

4.3 FE-SEM Analysis 

Captured FE-SEM images show the difference in size of CNT between Pyrograf 

and Nanoamor. The morphology of Pyrograf CNT in 120,000 magnification consist of 

MWNT where the structure of the fibres mainly in tube and straight cylindrical graphite. 

Structure was uniform will help in increasing the heat transfer as if the CNT. The 

agglomerate of CNT tube on this matter then it will have an impact on the surface area of 

nanofluids. This automatically will impact on thermal conductivity to achieve optimal 

improvement. 

Meanwhile, other samples with MWNT functional group called Nanoamor which 

show 120,000 magnifications have a non-uniform shape and have a lot of tubes 

agglomerate in this area of the graphite cylinder. The non-straight cylindrical shape may 

also result in more agglomeration during the standardization process. However, the use of 

ultrasonic thought to overcome this problem to disentangle the agglomerate in the 

preparation of nanofluids. Hydroxide (-OH) functions on Nanoamor was effected a tube 

formed in the shape of irregular. However, it serves to bind liquid particles more easily, in 

other words, easier to disperse. The detail descriptions have been shown in Figure 4.2 
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Nanoamor Pyrograf 

  
60,000 Magnification 

  
120,000 Magnification 

 

Figure 4.2 :FE-SEM Result for Nanoamor CNT and Pyrograf CNT 

 

Morphological differences between the two CNT is considered to have its own 

advantages Pyrograf which have an estimated value of thermal conductivity higher than 

Nanoamor in term of the size and contruction of the CNT.  

 

4.3.1 Diameter Distribution   

The method of calculating the size of the diameter of CNT is done by the method of 

calculating FE-SEM image ratio from its actual size. Size value of CNT on the image is 

500nm 
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multiplied by the magnification scale to get the actual size of the CNT. An example of the 

calculation process performed is shown in Figure 4.3. 

 

 

 

 

 

 

 

 

 

Figure 4.3: Diameter Measurement 

 

The diameter measured on the image should be changed to the actual size by referring to 

the length scale of 500nm that given as a reference. Equation 5.2 was used to calculate the 

actual diameter of the CNT. 

𝐷𝑖𝑎𝑚𝑒𝑡𝑒𝑟, 𝐷𝐴 =
𝐷𝑖𝑎𝑚𝑒𝑡𝑒𝑟 𝑀𝑒𝑎𝑠𝑢𝑟𝑒𝑑,𝐷𝑀

𝐿𝑒𝑛𝑔𝑡ℎ 𝑅𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒,𝑙𝑅
× 500𝑛𝑚                         Eq.4.2 

Base on Figure 4.3, pyrograph CNT have a smaller average diameter compare to 

Nanoamor CNT in term of the inner diameter of the tubes. Between the diameter between 

these two samples, Nanoamor CNT have the diameter range about 120-160 nm comparing 

to Pyrograf CNT that only have a diameter range 20-40nm length. Based on the 

comparison in term of the surface area & aspect ratio, Pyrograf CNT seems to be high 

thermal conductivity compared to Nanoamor CNT. 
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Figure 4.4: Diameter Distribution of Nanocarbon 

 

Figure 4.4 has been prepared to facilitate the observation and comparison of the 

average CNT diameter. It appears that the size of the diameter Pyrograf diameter is smaller 

than Nanoamor diameter where it gave a significant effect on increasing the heat transfer 

and thermal conductivity. Larger diameter size causes a decrease in the thermal 

conductivity. 

 

4.4 Stability of Nanofluids 

Stabilization process is carried out to select the suitable nanofluids sample for use 

in heat transfer test. There are 10 variations of stable samples consisting of 5 samples from 

Pyrograf CNT and 5 samples from Nanoamor. Each sample has a various ratio of CNT and 

SDS which are identified through the using the Stability Test Rig. 

Stability tests are done to prove the capability of the equipment to indicate the 

stability of nanofluids sample prepared. Usually instability can be seen through the 

deposition of CNT produced in large quantities, and the mixture was not well blended 

material that occurs due to the formation of CNT material that does not have. This may be 

due to the quantity of dispersion agent is not sufficient to disentangle CNT into the liquid. 
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An infrared laser system has been used in this equipment able to detect the stability 

condition of the samples. This method is considered more practical process compared to 

the naked eye observation. 

In addition, the quantity of CNT used may also lead to sedimentation formed even 

though nanofluids are in stable condition. Nanofluids with sedimentation cannot be used 

due to this sample can cause the heat transfer system clogging. The clogging in the heat 

transfer will affect the thermal conductivity measurement. Furthermore, the optimization of 

the use of CNT should be considered as the cost of use of this material is very high 

expensive. 

Nanofluids which were in stable condition and do not constitute sedimentation are 

eligible to be used in the thermal conductivity test. Table 4.2 showing the number of 

samples that have successfully prepared with the optimization of the CNT and dispersing 

agents with different ratios. Formulation and calculations that used in this study have been 

explained in the previous chapter to measure the amount of mass added to the deionized 

water. In other words, the percentage weight of dispersing agent (SDS) was also 

considered important to the formulation of nanofluids.  
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Table 4.2 : Formulation of Stable Nanofluids 

Type 

CNT 

Code CNT 

(wt%) 

Water 

(mL) 

SDS 

(wt%) 

Vol. 

CNT 

Vol. 

SDS 

Vol. 
TOTAL 

Remark (Hours) 

24 72 120 170 

Nano 

Amor 

N201 0.4 39.8425 0.16 0.0941 0.0634 40 Stable Stable Stable Stable 

N202 0.5 39.8031 0.20 0.1176 0.0792 40 Stable Stable Stable Stable 

N203 0.6 39.7638 0.24 0.1412 0.0950 40 Stable Stable Stable Stable 

N204 0.8 39.6850 0.32 0.1882 0.1267 40 Stable Stable Stable Stable 

N205 1.0 39.6063 0.40 0.2353 0.1584 40 Stable Stable Stable Stable 

Pyrograf N101 0.4 39.8566 0.16 0.0800 0.0634 40 Stable Stable Stable Stable 

N102 0.5 39.8208 0.20 0.1000 0.0792 40 Stable Stable Stable Stable 

N103 0.6 39.7850 0.24 0.1200 0.0950 40 Stable Stable Stable Stable 

N104 0.8 39.7133 0.32 0.1600 0.1267 40 Stable Stable Stable Stable 

N105 1.0 39.6416 0.40 0.2000 0.1584 40 Stable Stable Stable Stable 

 

The different ratio CNT and dispersing agents were used in experiments were 

summarized in Table 4.2 for each sample. Ten samples of nanofluids formulation were 

prepared to the next process of increasing thermal conductivity. The samples used for the 

experiment were CNT N201 to N205 for Nanoamor CNT nanofluids while for Pyrograf 

CNT nanofluids samples are N101 to N105. Both types of samples have same percentage 

of weight which is 0.4wt%, 0.5 wt%, 0.6 wt%, 0.8 wt% and 1.0 wt%. 

40 ml volume of nanofluids used to produce the nanofluids to ensure the amount of 

suspension will be fitted to vial used. The dispersant agent has been proved that able to 

disperse the CNT into the deionized water since the conditions of nanofluids were in stable 

after 170 hours. On the other hand, the effect of the use of the earlier decision found that 

this ratio is the number of qualified stable nanofluids. 
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4.5 Thermal Conductivity 

Each stable sample has to go through the thermal conductivity test. The purpose of 

this experiment was to get a value of increase fluid thermal conductivity as media for heat 

transfer. Temperature for experiment measured at different level from cold temperate until 

hot temperature used to examine the nanofluids can be applied in different circumstances. 

The average value for each sample data collection performed three times and the data was 

compared with the data of deionized water as a benchmark. 

Different temperature settings used are intended to demonstrate the effects of several 

factors such as the results of Brownian motion related to the effective thermal conductivity, 

keff, which consists of conventional static particles. Koo et al. (2004) also mention that 

Brownian motion also depending on the increase of temperature gradient that causes heat 

flux differs for granted. The strong dependence of the effective thermal conductivity on the 

temperature and material properties of both the particles and the carrier fluid has been 

associated with long- range effects of potential between the particles, the motion of the 

particles. In this case, the effect of Brownian motion is more effective at higher 

temperatures as observed experimentally. 

The results have been used to get a summary regarding the ability of nanofluids CNT 

in influencing the increase of heat transfer performance in the future. All data collected 

have been compiled to facilitate the evaluation of samples to be used and interpreted into 

heat transfer experiment. 
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4.5.1 Pyrograf CNT 

There are 5 samples of Pyrograf CNT was analyzed for this thermal conductivity. 

The data obtained was compared with deionized water based to determine the thermal 

conductivity of nanofluids capacity. Compilation of data that obtain is shown at Table 4.3. 

Table 4.3 : Thermal Conductivity for Pyrograf CNT 

  Thermal Conductivity W/(m.K) 

Temperature 

°C 

Deionized 

water 

N101 N102 N103 N104 N105 

6 0.57183 0.583 0.585 0.584 0.587 0.591 

25 0.6077 0.631 0.647 0.647 0.654 0.702 

45 0.63745 0.678 0.739 0.716 0.764 0.841 

 

Based on Table 4.3, the data shows the thermal conductivity readings for each 

sample and deionized water as a benchmark. At 45°C temperature showed the highest 

value of thermal conductivity obtained from the N105 by (0.841W/(m.K)) followed by 

N104 (0.764 W/(m.K)), N102 (0.739 W/(m.K)), N103 (0.716 W/(m.K)) and the last N101 

in 0.678 W/(m.K). From the table also show a value at N103 which lower than N102. 

These occurrences were likely to occur due systematic error which was a little disturbing 

reading experiment. However, this difference did not give a great influence, on the whole 

experiment. 

The thermal conductivity readings obtained at a temperature of 25°C show a 

constant increase for each sample is proportional to the total addition of CNT. As 

predicted, sample N105 obtain the highest value of thermal conductivity (0.702W/(m.K)) 

and followed by N104 (0.654W/(m.K)). The same reading occurs in samples N103 and 

N102 with 0.647W/(m.K). This is because that increment value was small for other 

samples. N101 has gained lowest reading of 0.631W/(m.K). 
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The thermal conductivity readings obtained at a temperature of 6°C shows the 

difference between the readings of each sample was very small. The effect of particle 

movement had been seen to influence the thermal transport rate for each sample as 

expected. The highest values of thermal conductivity at 6oC are N105 (0.591W/(m.K)) and 

followed by a sample N104 (0.587W/(m.K)). N102 (0.585W/(m.K), N103 (0.584W/(m.K)) 

and N101 (0.583W/(m.K)). 

 

Figure 4.5: Thermal Conductivity Data for Pyrograf CNT Nanofluids 

 

Figure 4.5 describe the values of thermal conductivity with temperature. From the 

graph, it can be concluded that the movement of particles is playing the role to increase 

thermal conductivity. This is evidenced by the difference in thermal conductivity value 

obtain significantly at 45°C while the difference decreases as the temperature decreases. 

However, the increase in the thermal conductivity of nanofluids will occur when greater 
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amount of additional CNT also increase. Although there was error occurred on the N103 

sample which is due to the installation of apparatus or environmental factors, it still can be 

adopted as the flow and sequence of values for each sample was proportional to the 

temperature change. 

The results were compared with the improvement of deionized water. The 

comparison showed that the percentage of thermal conductivity increment was achieved 

the objectives of 20% for two nanofluids samples, N104 and N105 at 45°C. N104 showed 

an increase of about 20.48% while the N105 is an increase of about 28.79%. These samples 

that achieve the objective were undergoing to the next process of measurement of heat 

transfer. 

 

Figure 4.6: Thermal Conductivity Data of Pyrograf CNT Nanofluid-Based 

 

The data has been simplified in Figure 4.6 to show that the CNT is able to enhance 

the capability of the thermal conductivity of the nanofluids. This happens because of the 

CNT, which has high thermal conductivity due to the greater size of the surface area able 

N101 N102 N103 N104 N105

6 1.95 2.30 2.13 2.65 3.35

25 3.83 6.47 6.47 7.62 15.52
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to improve the results compared to the use of water. Based on the result of each sample, it 

was found that there was a decline value of increased sample N103 which is not 

significantly with the other sample. This could happen due to an error during the process of 

preparing nanofluids. However, the data result still can be used because an increase in 

nanofluids thermal conductivity. 

 

4.5.2 Nanoamor CNT 

The data collected for Nanoamor CNT nanofluids were approximately same with 

the Pyrograf CNT result data. Thermal conductivity of all samples increases with the 

addition of the Nanoamor CNT into the liquid. Measurement data using three different 

temperature settings are also done for the purpose comparison between the two types of 

CNT used as shown in Table 4.4. 

 

Table 4.4 : Thermal Conductivity of Nanoamor CNT Nanofluids 

  Thermal Conductivity W/(m.K) 

Temperature 

°C 

Deionized 

water 

N201 N202 N203 N204 N205 

6 0.57183 0.586 0.585 0.590 0.594 0.592 

25 0.6077 0.615 0.617 0.625 0.64 0.662 

45 0.63745 0.664 0.696 0.727 0.753 0.795 

 

Table 4.4 shows the largest increase occur at high-temperature settings of 45°C for 

N205 sample obtained the highest value of thermal conductivity is 0.795W/(m.K). The 

second highest value is N104 (0.753W/(m.K)), and followed by N203 (0.727W/(m.K)), 

N202 (0.696W/(m.K)) and N201 (0.664W/(m.K)). 
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The thermal conductivity can be determined directly proportional to the 

temperature setting at 25°C which is the highest for N205 followed by N204, N203, N202 

and N201 with the thermal conductivity is successfully recorded 0.662W/(m.K), 

0.640W/(m.K), 0.625W/(m.K), 0.617W/(m.K), and 0.615W/(m.K), respectively. The 

constant increment of the thermal conductivity can be estimated from the good experiment 

setup. 

The data collected for 6°C temperature setting considered quite difficult because of 

very low sensitivity reading device at that setting condition. Factors that probably 

influenced the reading were small movements of particle or minimum flow of water in a 

water bath temperature device. Based on existing data from the table, the highest value for 

the thermal conductivity at 0.596W/(m.K) of samples N205 followed by N204 

(0.594W/(m.K)), N203 (0.590W/(m.K)), N201 (0.586W/(m.K)) and N202 

(0.585W/(m.K)). 
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Figure 4.7: Thermal Conductivity Data for Nanoamor CNT Nanofluids 

 

Figure 4.7 shows the data obtained for Nanoamor CNT was similar with Pyrograf 

CNT based on data its distribution. Higher thermal conductivity differences always occur 

at high temperatures and a very small difference occurs at low temperatures. Based on 

Murshed et al. (2009) reported that Brownian motion, particle interactions and surface 

chemistry were essential in improving the thermal conductivity of nanofluids. However, 

the main contribution to the enhancement thermal conductivity of nanofluids is arising 

from static mechanism and temperature.  

Based on the data obtained for Nanoamor CNT only one sample achieved the 

objective which is sample N205 at 45°C. The percentage increase shown is 24.72% where 

sample can be further brought to the measurement for heat transfer. 
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Figure 4.8: Thermal Conductivity Data of Nanoamor CNT Nanofluids 

 

Figure 4.8 shows that the highest increase occurs at a temperature of 45°C where 

the percentage increases in direct proportion to the amount of CNT addition. The increases 

in the percentage were unstable for temperature of 25°C for samples N202 and N203. It 

shows the increase was lower than the thermal conductivity obtained at 6°C. This may be 

due to a systematic error in measurement value that the consistency is too low. It shows a 

good level of stability when using the nanofluids hydroxide (-OH) function. Stable 

conditions for nanofluids were also effective against the thermal conductivity where it can 

overcome the influence of low-temperature factor. 

Objective of this study was to enhance the thermal conductivity of nanofluids to 

20% and above. All data obtained were compared with the deionized water data. The 

thermal conductivity difference data was calculated to find the percentage of improvement 

for each sample of nanofluids. The results obtained was analysed to determine the 

eligibility of the sample to undergo further test for heat transfer measurement. 
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6 2.48 2.30 3.18 3.88 3.53

25 1.20 1.53 2.85 5.32 8.94
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4.6 Heat Transfer Result 

The final stage of experiment for this study is to obtain the enhancement of heat 

transfer value about 50%. Based on the result and data gathered, the objective already 

achieved from the samples that have been carried out from thermal conductivity 

experiment. Deionized water based was used as a benchmark in experiment for 

determining changes in the heat transfer enhancement compare with nanofluids samples.  

 

Figure 4.9: Deionized Water Based 

 

The measurement obtained for the heat transfer using deionized water is stated in 

Figure 4.9, temperature differences can be calculated by subtracting the temperature of the 

outlet with inlet of the nanofluids. 

∆𝑇 = |𝑇𝑜𝑢𝑡 − 𝑇𝑖𝑛|                                                 Eq. 4.3 

The temperature change was obvious in the circumstances 6°C with temperature 

differences of 1.23°C. This different had achieve more than 50% to be compare to dionize 

water which may give a big different on large amount of heat transfer system. This also 

happened due to environmental factors at room temperature higher than the temperature 

used in the tests conducted resulted in heat absorption during the experiment. Meanwhile, 
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the result obtained at a temperature of 25°C can be concluded that there are no high-

temperature differences due to the influence of the ambient temperature at 27°C which 

does not had an affect for complete heat transfer process. The difference in temperature 

between inlet and outlet temperature was setting at 0.43°C. At 45°C, temperature was 

higher than 25°C temperature where the occurrence of heat loss into the environment 

during the process happens at temperature difference 0.83°C. However, the heat loss is still 

low for the temperature difference. Thus, the effect of the heat loss on the temperature 

difference can be neglected when compared to the heat absorption occurs at a temperature 

of 6°C. The average temperature difference for each temperature setting done previously 

was likely occur in the experiments using nanofluids. 

 

4.6.1 Pyrograf CNT 

Data from the experiment for Pyrograf nanofliuds show that the temperature 

differences taken were be compared with the deionized water as a benchmark. Figure 4.9 

represents the value of temperature differential for N104 while Figure 4.10 shows for 

sample N105 result.  

 

Figure 4.10: Pyrograf CNT (N104) 
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Sample N104 explained that an increase of the temperature difference for each 

setting was higher compared the data from the deionized water. At a temperature of 45°C, 

indicates the occurrence of the highest temperature difference between the temperatures of 

1.39°C, 6°C temperature of 1.37°C and 25°C by 0.66°C. 

However, the results for the highest values of the temperature difference were not 

same when compared with the results for deionized water. It shows at temperature of 45°C 

results were slightly higher than 6°C. These things can be concluded that the effect of the 

pure CNT used has a higher thermal conductivity than water prevent rapid heat loss from 

the water. 

Wang et al. (2009) concluded that the CNT or Carbon Nano Fiber (CNF) added 

into liquid based has a higher thermal conductivity and ability as a thermal storage better 

than pure liquid based. This explains that a little heat loss occurred in 45°C temperature 

conditions during the experiment. 

 

Figure 4.11: Pyrograf CNT (N105) 

 

Figure 4.11 shows the temperature different for sample N105 obtained higher 

values than sample N104 where it caused by more additional amount of the CNT. The 
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temperature differences were occurred at high temperatures is 1.80°C at 45°C, 6°C at 

1.73°C and  25°C at 0.72°C. 

The CNT addition of 1.0 wt% (N105) into the liquid appears to have had the effect 

of heat transfer is better than the other samples. This is because the heat transfer increment 

in the sample N105 was higher compared with N104 (0.8 wt%). This shows that Pyrograf 

pure CNT is shown to have the ability to expand the range of applications and further 

research in the future. 

 

4.6.2 Nanoamor CNT 

A Nanoamor CNT nanofluid samples N205 was used to conduct heat transfer 

experiments. This is because of increasing the thermal conductivity of 20% for each of the 

specified formulation. Nanoamor CNT with -OH functionality has estimated that the 

resulting temperature difference is lower than Pyrograf CNT because of result obtain from 

a thermal conductivity experiments. In addition, the size of the surface area of Nanoamor 

based on BET data is smaller than Pyrograf CNT had an impact on the capability of heat 

transfer. Despite that, Nanoamor still considered one of the better additions to enhance the 

heat transfer capability. 

 

Figure 4.12: Deionized Nanoamor CNT (N205) 
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N205 sample showed an increase in the temperature difference as shown in  

Figure 4.12. The sequences temperature difference from highest to lowest occurs 1.58°C at 

6°C, 1.36°C at 45°C and 25°C at 0.65°C.  

The result for Nanoamor was indicated by the difference in temperature at 6°C 

temperature compared to temperature of 45°C. This was because of the effect of hydroxide 

(-OH) function can increase the hydrophilic of the CNT imply that properties similar to 

deionized water based. This statement was supported by Oda et al. (2006) regarding the 

effect of functional groups on the CNT was concluded that hydroxyl may increase 

electrical capacitate due to the increase in the hydrophilic. 

 

4.6.3 The Different of Heat Transfer Increment Percentage 

Figure 4.13 shows a comparison between each sample of the experimental results 

conducted to be concluded that the highest increase of heat transfer is Pyrograf CNT 

sample N105. Based on the equation used to measured the increament as shown in 

Equation 4.4  

100%
 water)(Deionized ΔT

s)(Nanofluid ΔT water)(Deionized ΔT



   Eq. 4.4 

The largest increment occurs at a temperature 45°C which shows an enhancement 

of over 100% of the value of 107.28% and followed by N104 at 59.39% and N205 at 

56.32%. A large amount of difference between the N105 and the other samples is because 

of addition volume CNT used to be dispersed into a liquid.  
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Figure 4.13: Percentage of Heat Transfer Enhancement (%) 

 

From Figure 4.13 shows the result that enhancement of heat transfer were beyond 

the objective of research. The characterization of CNT plays an important role in 

determining an estimate for the final decision and effect of the surface are. 

The same estimation at 25°C temperature settings in which the results for each 

sample was similar to 45°C temperature settings. N105 at 66.92% was the highest increase 

followed by N104 at 52.31% and N205 at 50.77%. Based on observations of heat transfer 

enhancement trends were shows that the difference between each sample due to the 

influence of environmental temperature (ambient) which very similar to the benchmark 

experimental temperature. 

The most important achievement shows at a temperature of 6°C showing the N105 

at 40.54% is the highest compared to N205 (27.84%) and N104 (11.08%). This low-value 

increment could be attributed to the Brownian motion of particles weakened by low-

temperature factors. It also mentions by Prasher et al. (2005) state that the importance of 

Brownian motion driven convection in fluid rather than its direct contribution of particle 
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motion. Based on this statement, indicated that the effect of temperature on the movement 

of particles can influence the thermal convection in the liquid. Low temperatures can 

inhibit the active movement of particles indirectly reducing the heat transfer rate. 

This high increase of heat transfer value clearly demonstrates that pure CNT from 

Pyrograf able to provide improvements in heat transfer capability. According to a 

statement issued by Choi et al. (1995), which explained that, CNT can enhance the heat 

transfer capability approaching 350%. But from that, it depends on the type of heat 

exchanger system used in experiment. 
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CHAPTER 6 

 

CONCLUSION AND RECOMMENDATION 

 

5 Conclusion 

The experiment and analysis of carbon nanofluids using Pyrograf and Nanoamor 

for thermal conductivity and heat transfer as a medium were successfully completed. 

Enhancement of thermal conductivity of nanofluids about more than 20% is completed as 

mention in objective in the first chapter where result from experiment shows that three 

samples of nanofluids which are Pyrograf with 0.8 wt% and 1.0 wt% reach the value 

20.48% and 28.79% for percentage thermal conductivity enhancement. Meanwhile, for 

Nanoamor has one sample with 1.0 wt% reach 24.72% thermal conductivity enhancement. 

The objective achieves at temperature 45°C from comparison with based fluids. It shows 

that CNT is able to increase the performance of fluids based for heat transfer media. 

The main objective of this research also was achieved by conducting the heat 

transfer test. The result shows that enhancement about 100% compared to water based 

fluids by nanofluids is in better condition. From the data, observe reported that the 

enhancement of heat transfer rate achieves for the samples that carried from thermal 

conductivity test before. Pyrograf CNT nanofluids still are the best fluids based with 

percentage enhancement about 107.2% at temperature 45°C. While at temperature 25°C 

also shows about 52.31% for N104 and 66.92% for N105. For Nanoamor CNT, the only 
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one sample also achieves the target of expectation with 56.32% at temperature 45°C and 

50.77% at temperature 25°C. 

Based on the final result, two types CNT shows were the textural of surface area 

such as diameter size is the main effect of the performance of nanofluids. Carbon 

Nanotubes is one of material that can enhance the performance of heat transfer as a 

medium. It also proves that all the research and the report in nanomaterial that had been 

done before can be reliable even though the methodology and justification for each of them 

are different.  

 

5.1 Recommendation 

For future research purpose, the investigation on CNT nanofluids could be 

improved since the mechanical properties of CNT still have to be found. The application of 

nanofluids for heat transfer using a better specification process may also increase the result 

from CNT nanofluids capability. Many different types of methods are still ongoing to find 

the best result ever on thermal conductivity and heat transfer. The application of the 

nanofluids also can be moved further in order to contribute into science and technology 

development for future studies. 

The new research on the stability test can be conducted in order to find nanofluids 

stability in dynamic analysis. Since in this research only held the static analysis which 

needs more improvement studies in the future. 
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APPENDICES 

 

APPENDIX A1 : BET Textural Investigation Pyrograf  

Quantachrome Corporation 

            Quantachrome Autosorb Automated Gas Sorption System Report 

              Autosorb for Windows. for AS-3 and AS-6 Version 1.23 

 

Sample ID        Pyrograf 

Description      AC 

Comments          

Sample Weight    0.0888  g 

Adsorbate        NITROGEN       Outgas Temp   120 0C   Operator       Rostam 

Omar 

Cross-Sec Area   16.2  E2/molec Outgas Time   5.0  hrs Analysis Time  1110.7  

min 

NonIdeality      6.580E-05      P/Po Toler    3        End of Run     

25/03/2011 04:52 

Molecular Wt     28.0134 g/mol  Equil Time    2        File Name     

PYROGRAF.RAW 

Station #        1              Bath Temp.    77.40    

 

 

                                    Isotherm 

 

  P/Po       Volume            P/Po       Volume            P/Po       Volume 

           [cc/g] STP                   [cc/g] STP                   [cc/g] 

STP 

 

1.2933e-02  288.0653         3.9798e-01  588.7230         6.9591e-01  

682.4910 

1.5073e-02  295.9865         5.0188e-01  624.9122         6.0061e-01  

672.2343 

1.6536e-02  301.0349         6.0681e-01  652.1126         4.9708e-01  

657.2984 
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2.5591e-02  325.5698         7.0632e-01  672.1802         4.5367e-01  

634.9628 

2.9654e-02  334.0518         7.9719e-01  683.5192         3.9831e-01  

601.3277 

3.4408e-02  342.8086         8.4770e-01  688.3795         3.4808e-01  

581.0316 

3.9659e-02  351.3694         8.9901e-01  692.8086         3.0096e-01  

558.8852 

4.9494e-02  365.5912         9.5037e-01  696.8142         2.5164e-01  

533.5113 

6.8453e-02  388.2759         9.6831e-01  698.2433         2.0158e-01  

504.5293 

7.7932e-02  398.1926         9.8734e-01  699.9966         1.5323e-01  

473.4561 

8.7982e-02  408.0845         9.9636e-01  703.6577         1.0148e-01  

433.2466 

9.3132e-02  412.8401         9.7258e-01  702.4279         4.9895e-02  

378.9415 

9.8307e-02  417.5203         9.5266e-01  701.1971         4.1559e-02  

367.1937 

1.4664e-01  455.6802         9.4026e-01  700.7219         3.1246e-02  

349.8367 

1.9881e-01  489.8638         8.9785e-01  697.8187         2.2650e-02  

332.1464 

2.5000e-01  519.4471         8.5358e-01  694.7973 

2.9637e-01  543.1824         7.9468e-01  690.6351 

 

                                MULTIPOINT BET 

 

                P/Po                Volume           1/(W((Po/P)-1)) 

                                  [cc/g] STP 

 

           2.9654e-02              334.0518            7.320E-02 

           3.4408e-02              342.8086            8.317E-02 

           3.9659e-02              351.3694            9.404E-02 

           4.9494e-02              365.5912            1.140E-01 
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           6.8453e-02              388.2759            1.514E-01 

 

                        BET Surface Area =  1.718E+03 m2/g 

 

                                   Slope =  2.013E+00 

 

                           Y - Intercept =  1.391E-02 

                 Correlation Coefficient =  0.999934 

                                       C =  1.457E+02 

 

                                 TOTAL PORE VOLUME 

 

 Total pore volume = 1.078E+00 cc/g for pores smaller than 406.7 E 

(Diameter), 

 

           at P/Po = 0.95037 

 

                                AVERAGE PORE SIZE 

 

                        Average Pore Diameter = 2.509E+01 E 

 

                        BJH ADSORPTION PORE SIZE DISTRIBUTION 

 

 Diameter  Pore Vol  Pore Surf Area   Dv(d)      Ds(d)     Dv(log d)  Ds(log 

d) 

    E      [cc/g]       [m2/g]      [cc/E/g]   [m2/E/g]    [cc/g]     [m2/g] 

 

    9.91  2.349E-02    9.479E+01    9.171E-02  3.700E+02  2.094E+00  

8.446E+03 

   10.12  3.914E-02    1.566E+02    9.579E-02  3.785E+02  2.233E+00  

8.823E+03 

   10.64  1.125E-01    4.324E+02    8.440E-02  3.173E+02  2.067E+00  

7.770E+03 
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   11.24  1.366E-01    5.181E+02    7.143E-02  2.541E+02  1.849E+00  

6.579E+03 

   11.60  1.610E-01    6.023E+02    6.647E-02  2.293E+02  1.775E+00  

6.122E+03 

   11.97  1.844E-01    6.805E+02    6.174E-02  2.063E+02  1.702E+00  

5.686E+03 

   12.49  2.241E-01    8.075E+02    6.039E-02  1.935E+02  1.736E+00  

5.561E+03 

   13.38  2.878E-01    9.981E+02    5.608E-02  1.676E+02  1.727E+00  

5.162E+03 

   14.22  3.164E-01    1.078E+03    5.405E-02  1.521E+02  1.769E+00  

4.978E+03 

   14.75  3.456E-01    1.158E+03    5.400E-02  1.464E+02  1.834E+00  

4.973E+03 

   15.16  3.596E-01    1.195E+03    5.160E-02  1.362E+02  1.801E+00  

4.753E+03 

   15.43  3.735E-01    1.231E+03    5.193E-02  1.346E+02  1.845E+00  

4.783E+03 

   16.77  4.883E-01    1.505E+03    4.754E-02  1.134E+02  1.832E+00  

4.371E+03 

   19.26  5.930E-01    1.722E+03    4.081E-02  8.476E+01  1.807E+00  

3.753E+03 

   21.85  6.847E-01    1.890E+03    3.513E-02  6.432E+01  1.765E+00  

3.232E+03 

   24.41  7.577E-01    2.009E+03    2.891E-02  4.737E+01  1.624E+00  

2.661E+03 

   28.88  8.946E-01    2.199E+03    2.140E-02  2.964E+01  1.417E+00  

1.963E+03 

   36.36  9.981E-01    2.313E+03    1.206E-02  1.327E+01  1.005E+00  

1.106E+03 

   46.90  1.071E+00    2.375E+03    5.807E-03  4.953E+00  6.234E-01  

5.317E+02 

   62.73  1.121E+00    2.407E+03    2.619E-03  1.670E+00  3.754E-01  

2.394E+02 

   88.55  1.147E+00    2.418E+03    7.913E-04  3.575E-01  1.595E-01  

7.206E+01 

  121.67  1.157E+00    2.422E+03    3.064E-04  1.007E-01  8.530E-02  

2.804E+01 

  172.15  1.166E+00    2.424E+03    1.317E-04  3.060E-02  5.153E-02  

1.197E+01 
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  306.20  1.173E+00    2.425E+03    3.639E-05  4.754E-03  2.471E-02  

3.228E+00 

  516.89  1.176E+00    2.425E+03    1.126E-05  8.715E-04  1.320E-02  

1.021E+00 

 1081.96  1.178E+00    2.425E+03    3.165E-06  1.170E-04  7.397E-03  2.735E-

01 

 3403.24  1.184E+00    2.425E+03    1.551E-06  1.823E-05  1.082E-02  1.272E-

01 

 

                         DR Method Micro-Pore Analysis 

 

                     log^2.00(Po/P)          Weight Adsorbed 

                                                 [grams] 

 

                       3.56571E+00              3.197E-02 

                       3.31891E+00              3.285E-02 

                       3.17396E+00              3.341E-02 

                       2.53420E+00              3.613E-02 

                       2.33454E+00              3.707E-02 

                                   Slope = -5.251E-02 

 

                Y - Intercept (anti-log) =  4.911E-02 

 

                 Correlation Coefficient =  0.999760 

 

                      Average Pore Width =  3.771E+00 nm 

 

                  Adsorption Energy (Eo) =  6.894E+00 kJ/mol 

 

                       Micro Pore Volume =  6.845E-01 cc/g 

 

                 Micro Pore Surface Area =  1.926E+03 m2/g 
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                         AREA-VOLUME-PORE SIZE SUMMARY 

 

                                SURFACE AREA DATA 

 

Multipoint BET.............................................  1.718E+03  m2/g 

Langmuir Surface Area.......................................  3.182E+03  m2/g 

BJH Method Cumulative Adsorption Surface Area...............  2.425E+03  m2/g 

DH Method Cumulative Adsorption Surface Area................  2.476E+03  m2/g 

t-Method External Surface Area..............................  3.777E+02  m2/g 

t-Method Micro Pore Surface Area............................  1.340E+03  m2/g 

DR Method Micro Pore Area...................................  1.926E+03  m2/g 

 

 

 

 

                                PORE VOLUME DATA 

 

Total Pore Volume for pores with Diameter 

less than 406.7 E at P/Po = 0.95037.........................  1.078E+00  cc/g 

BJH Method Cumulative Adsorption Pore Volume................  1.184E+00  cc/g 

DH Method Cumulative Adsorption Pore Volume.................  1.175E+00  cc/g 

t-Method Micro Pore Volume..................................  5.136E-01  cc/g 

DR Method Micro Pore Volume.................................  6.845E-01  cc/g 

HK Method Cumulative Pore Volume............................  7.110E-01  cc/g 

SF Method Cumulative Pore Volume............................  7.264E-01  cc/g 

 

                                 PORE SIZE DATA 

 

Average Pore Diameter.......................................  2.509E+01  E 

BJH Method Adsorption Pore Diameter (Mode)..................  1.012E+01  E 

DH  Method Adsorption Pore Diameter (Mode)..................  1.012E+01  E 
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DR  Method Micro Pore Width   ..............................  7.541E+01  E 

DA  Method Pore Diameter (Mode).............................  1.840E+01  E 

HK  Method Pore Width    (Mode).............................  1.023E+01  E 

SF  Method Pore Diameter (Mode).............................  1.873E+01  E 

 

 

 

 

 

 

 

 

 

                    DFT Method Pore Size Distribution 

 

    Pore Width     Cumul. Pore   Cumul. Surface     dV(w)          dS(w) 

       [E]        Volume [cc/g]   Area [m2/g]     [cc/E/g]       [m2/E/g] 

 

        3.98620    5.79830E-04    2.90919E+00    6.29987E-03    3.16084E+01 

        4.17027    2.92532E-03    1.41578E+01    1.24554E-02    5.97340E+01 

        4.36282    5.43185E-03    2.56482E+01    1.27250E-02    5.83340E+01 

        4.56423    8.14965E-03    3.75574E+01    1.31903E-02    5.77987E+01 

        4.77491    1.11559E-02    5.01491E+01    1.39481E-02    5.84225E+01 

        4.99529    1.45214E-02    6.36238E+01    1.49279E-02    5.97681E+01 

        5.22581    1.83362E-02    7.82238E+01    1.61766E-02    6.19104E+01 

        5.46694    2.26847E-02    9.41322E+01    1.76282E-02    6.44902E+01 

        5.71917    2.76389E-02    1.11457E+02    1.91998E-02    6.71418E+01 

        5.98301    3.33021E-02    1.30388E+02    2.09817E-02    7.01376E+01 

        6.25899    3.96825E-02    1.50776E+02    2.25987E-02    7.22121E+01 

        6.54768    4.67798E-02    1.72455E+02    2.40315E-02    7.34046E+01 

        6.84965    5.45296E-02    1.95083E+02    2.50867E-02    7.32497E+01 
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        7.16552    6.27233E-02    2.17953E+02    2.53561E-02    7.07725E+01 

        7.49593    7.12843E-02    2.40795E+02    2.53272E-02    6.75757E+01 

        7.84156    8.02463E-02    2.63652E+02    2.53470E-02    6.46480E+01 

        8.20308    8.98462E-02    2.87058E+02    2.59564E-02    6.32844E+01 

        8.58125    1.00525E-01    3.11947E+02    2.76030E-02    6.43333E+01 

        8.97682    1.12639E-01    3.38936E+02    2.99347E-02    6.66934E+01 

        9.39061    1.26365E-01    3.68169E+02    3.24256E-02    6.90597E+01 

        9.82344    1.41746E-01    3.99484E+02    3.47359E-02    7.07204E+01 

       10.27619    1.58638E-01    4.32360E+02    3.64711E-02    7.09817E+01 

       10.74977    1.76653E-01    4.65878E+02    3.71843E-02    6.91816E+01 

       11.24516    1.95492E-01    4.99383E+02    3.71729E-02    6.61136E+01 

       11.76335    2.15410E-01    5.33247E+02    3.75726E-02    6.38809E+01 

       12.30539    2.37435E-01    5.69046E+02    3.97202E-02    6.45574E+01 

       12.87238    2.62553E-01    6.08071E+02    4.33029E-02    6.72804E+01 

       13.46547    2.88300E-01    6.46312E+02    4.24351E-02    6.30280E+01 

       14.08585    3.17417E-01    6.87655E+02    4.58785E-02    6.51412E+01 

       14.73479    3.55846E-01    7.39815E+02    5.78857E-02    7.85702E+01 

       15.41360    3.90019E-01    7.84157E+02    4.92104E-02    6.38532E+01 

       16.12366    4.15285E-01    8.15497E+02    3.47821E-02    4.31442E+01 

       16.86639    4.36229E-01    8.40333E+02    2.75647E-02    3.26859E+01 

       17.64331    4.59545E-01    8.66764E+02    2.93361E-02    3.32547E+01 

       18.45600    4.88219E-01    8.97836E+02    3.44891E-02    3.73744E+01 

       19.30608    5.11066E-01    9.21505E+02    2.62718E-02    2.72161E+01 

       20.19530    5.26827E-01    9.37113E+02    1.73252E-02    1.71577E+01 

       21.12544    5.26845E-01    9.37130E+02    1.90602E-05    1.80448E-02 

       22.09840    5.31829E-01    9.41640E+02    5.00679E-03    4.53136E+00 

       23.11614    5.57028E-01    9.63442E+02    2.42030E-02    2.09403E+01 

       24.18073    5.84518E-01    9.86180E+02    2.52417E-02    2.08775E+01 

       25.29431    6.16360E-01    1.01136E+03    2.79507E-02    2.21004E+01 

       26.45915    6.53689E-01    1.03957E+03    3.13254E-02    2.36783E+01 

       27.67761    6.88224E-01    1.06453E+03    2.77054E-02    2.00201E+01 
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       28.95215    7.19195E-01    1.08592E+03    2.37535E-02    1.64088E+01 

       30.28536    7.44543E-01    1.10266E+03    1.85851E-02    1.22733E+01 

       31.67992    7.69255E-01    1.11826E+03    1.73213E-02    1.09352E+01 

       33.13868    7.96516E-01    1.13472E+03    1.82674E-02    1.10248E+01 

       34.66458    8.14958E-01    1.14536E+03    1.18145E-02    6.81644E+00 

       36.26072    8.31759E-01    1.15462E+03    1.02889E-02    5.67497E+00 

       37.93032    8.46878E-01    1.16260E+03    8.85168E-03    4.66734E+00 

       39.67677    8.60153E-01    1.16929E+03    7.43015E-03    3.74534E+00 

       41.50360    8.75057E-01    1.17647E+03    7.97488E-03    3.84298E+00 

       43.41452    8.88267E-01    1.18255E+03    6.75770E-03    3.11311E+00 

       45.41339    9.02558E-01    1.18885E+03    6.98828E-03    3.07763E+00 

       47.50428    9.46395E-01    1.20730E+03    2.04943E-02    8.62840E+00 

       49.69139    9.57296E-01    1.21169E+03    9.96843E-03    4.01213E+00 

 

                         DFT Kernel File : N2_carb.gai 

 

                       Micro Pore Volume = 0.9573 cc/g 

 

                 Lower Confidence Limit  = 12.305 E 

 

                    Actual Fitting Error = 0.495 % 

 

  Best Value of Regularization Parameter = 0 

 

                  Min. Relative Pressure = 1.3147E-02   

 

                  Max. Relative Pressure = 5.9632E-01   

 

                       Pore Width (Mode) = 1.4735E+01   E 
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APPENDIX A2 : BET Textural Investigation Nanoamor 
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            Quantachrome Autosorb Automated Gas Sorption System Report 

              Autosorb for Windows. for AS-3 and AS-6 Version 1.23 

 

Sample ID        Amor 

Description      CNT 

Comments          

Sample Weight    0.2174  g 

Adsorbate        NITROGEN       Outgas Temp   120 0C   Operator       Rostam 

Omar 

Cross-Sec Area   16.2  E2/molec Outgas Time   5.0  hrs Analysis Time  1755.3  

min 

NonIdeality      6.580E-05      P/Po Toler    3        End of Run     

26/03/2011 12:43 

Molecular Wt     28.0134 g/mol  Equil Time    2        File Name       

AMOR.RAW     

Station #        2              Bath Temp.    77.40    

 

 

                                    Isotherm 

 

  P/Po       Volume            P/Po       Volume            P/Po       Volume 

           [cc/g] STP                   [cc/g] STP                   [cc/g] 

STP 

 

1.1282e-02  197.3266         3.9975e-01  464.4480         6.9392e-01  

559.5308 

1.5279e-02  210.1288         4.9664e-01  496.1545         5.9903e-01  

548.6476 

2.0560e-02  223.0957         6.0241e-01  521.9641         5.0255e-01  

533.5925 

2.5093e-02  232.0685         6.9766e-01  540.7728         4.5024e-01  

510.6071 

2.9300e-02  239.2466         8.0166e-01  555.3036         4.0068e-01  

482.8565 

3.4206e-02  246.5879         8.4980e-01  561.1039         3.5111e-01  

462.0883 
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3.9584e-02  253.6752         9.0031e-01  566.7111         3.0221e-01  

439.3376 

4.8722e-02  264.4329         9.5550e-01  575.8832         2.5222e-01  

414.0566 

6.7832e-02  283.0570         9.6437e-01  576.8676         2.0215e-01  

387.1721 

7.7903e-02  291.6486         9.7885e-01  578.5235         1.5261e-01  

357.3409 

8.8201e-02  300.0359         9.9339e-01  580.3266         1.0320e-01  

323.7774 

9.3276e-02  303.8786         9.7515e-01  579.3745         5.2384e-02  

280.4701 

9.8444e-02  307.6918         9.5657e-01  578.2612         4.2405e-02  

269.2801 

1.4652e-01  339.8082         9.4533e-01  577.3827         3.1726e-02  

255.2742 

1.9706e-01  369.5046         8.9904e-01  574.3790         2.3188e-02  

241.0837 

2.4936e-01  396.9963         8.5260e-01  571.0994 

2.9845e-01  420.8629         7.9462e-01  568.6937 

 

                                MULTIPOINT BET 

 

                P/Po                Volume           1/(W((Po/P)-1)) 

                                  [cc/g] STP 

 

           2.5093e-02              232.0685            8.874E-02 

           2.9300e-02              239.2466            1.009E-01 

           3.4206e-02              246.5879            1.149E-01 

           3.9584e-02              253.6752            1.300E-01 

           4.8722e-02              264.4329            1.550E-01 

           6.7832e-02              283.0570            2.057E-01 

           7.7903e-02              291.6486            2.318E-01 

           8.8201e-02              300.0359            2.580E-01 

           9.3276e-02              303.8786            2.709E-01 
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           9.8444e-02              307.6918            2.839E-01 

           1.4652e-01              339.8082            4.042E-01 

 

 

                        BET Surface Area =  1.323E+03 m2/g 

 

                                   Slope =  2.605E+00 

 

                           Y - Intercept =  2.660E-02 

 

                 Correlation Coefficient =  0.999739 

 

                                       C =  9.892E+01 

 

                                 TOTAL PORE VOLUME 

 

 Total pore volume = 8.908E-01 cc/g for pores smaller than 451.7 E 

(Diameter), 

 

           at P/Po = 0.95550 

 

                                AVERAGE PORE SIZE 

 

                        Average Pore Diameter = 2.693E+01 E 

 

                        BJH ADSORPTION PORE SIZE DISTRIBUTION 

 

 Diameter  Pore Vol  Pore Surf Area   Dv(d)      Ds(d)     Dv(log d)  Ds(log 

d) 

    E      [cc/g]       [m2/g]      [cc/E/g]   [m2/E/g]    [cc/g]     [m2/g] 
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    9.82  3.742E-02    1.525E+02    7.564E-02  3.081E+02  1.710E+00  

6.965E+03 

   10.34  7.372E-02    2.928E+02    6.583E-02  2.546E+02  1.567E+00  

6.062E+03 

   10.83  9.787E-02    3.821E+02    5.825E-02  2.152E+02  1.452E+00  

5.364E+03 

   11.21  1.167E-01    4.494E+02    5.362E-02  1.913E+02  1.384E+00  

4.938E+03 

   11.57  1.355E-01    5.144E+02    4.939E-02  1.707E+02  1.316E+00  

4.548E+03 

   11.96  1.531E-01    5.733E+02    4.526E-02  1.514E+02  1.246E+00  

4.168E+03 

   12.46  1.805E-01    6.611E+02    4.468E-02  1.434E+02  1.282E+00  

4.114E+03 

   13.34  2.278E-01    8.028E+02    4.106E-02  1.231E+02  1.261E+00  

3.779E+03 

   14.20  2.502E-01    8.660E+02    3.993E-02  1.125E+02  1.305E+00  

3.677E+03 

   14.76  2.732E-01    9.282E+02    4.144E-02  1.123E+02  1.408E+00  

3.816E+03 

   15.17  2.835E-01    9.555E+02    3.875E-02  1.022E+02  1.353E+00  

3.569E+03 

   15.43  2.939E-01    9.823E+02    3.861E-02  1.001E+02  1.372E+00  

3.556E+03 

   16.77  3.846E-01    1.199E+03    3.779E-02  9.015E+01  1.457E+00  

3.475E+03 

   19.21  4.732E-01    1.383E+03    3.566E-02  7.424E+01  1.575E+00  

3.280E+03 

   21.79  5.566E-01    1.536E+03    3.131E-02  5.748E+01  1.569E+00  

2.880E+03 

   24.46  6.298E-01    1.656E+03    2.734E-02  4.472E+01  1.538E+00  

2.516E+03 

   29.00  7.610E-01    1.837E+03    2.048E-02  2.825E+01  1.362E+00  

1.878E+03 

   36.17  8.513E-01    1.937E+03    1.137E-02  1.257E+01  9.431E-01  

1.043E+03 

   46.33  9.195E-01    1.996E+03    5.518E-03  4.764E+00  5.851E-01  

5.052E+02 

   61.35  9.662E-01    2.026E+03    2.639E-03  1.720E+00  3.701E-01  

2.413E+02 

IMRAN SYAKIR



 

105 

   88.65  9.985E-01    2.041E+03    8.767E-04  3.956E-01  1.763E-01  

7.956E+01 

  123.77  1.011E+00    2.045E+03    3.659E-04  1.182E-01  1.036E-01  

3.349E+01 

  174.38  1.022E+00    2.047E+03    1.625E-04  3.727E-02  6.441E-02  

1.477E+01 

  330.02  1.038E+00    2.049E+03    6.845E-05  8.296E-03  4.957E-02  

6.008E+00 

  505.73  1.040E+00    2.050E+03    1.595E-05  1.261E-03  1.850E-02  

1.463E+00 

  744.37  1.043E+00    2.050E+03    7.586E-06  4.076E-04  1.273E-02  6.841E-

01 

 1923.01  1.046E+00    2.050E+03    1.457E-06  3.030E-05  5.829E-03  1.212E-

01 

 

 

 

 

                         DR Method Micro-Pore Analysis 

 

                     log^2.00(Po/P)          Weight Adsorbed 

                                                 [grams] 

 

                       3.79324E+00              5.362E-02 

                       3.29751E+00              5.709E-02 

                       2.84586E+00              6.062E-02 

                       2.56143E+00              6.306E-02 

                       2.35049E+00              6.501E-02 

 

                                   Slope = -5.789E-02 

 

                Y - Intercept (anti-log) =  8.874E-02 

 

                 Correlation Coefficient =  0.999734 
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                      Average Pore Width =  3.959E+00 nm 

 

                  Adsorption Energy (Eo) =  6.566E+00 kJ/mol 

 

                       Micro Pore Volume =  5.052E-01 cc/g 

 

                 Micro Pore Surface Area =  1.422E+03 m2/g 

 

                       HK Method Pore Size Distribution 

 

  Pore Width     Dv(w)       Pore Width     Dv(w)       Pore Width     Dv(w) 

      [E]       [cc/E/g]         [E]       [cc/E/g]         [E]       

[cc/E/g] 

 

    3.1250      0.00000        8.5750      0.01722       14.0250      0.02183 

    3.1750      0.00000        8.6250      0.01813       14.0750      0.02175 

    3.2250      0.00000        8.6750      0.01905       14.1250      0.02167 

    3.2750      0.00000        8.7250      0.01999       14.1750      0.02160 

    3.3250      0.00000        8.7750      0.02093       14.2250      0.02153 

    3.3750      0.00000        8.8250      0.02189       14.2750      0.02147 

    3.4250      0.00000        8.8750      0.02284       14.3250      0.02141 

    3.4750      0.00000        8.9250      0.02380       14.3750      0.02135 

    3.5250      0.00000        8.9750      0.02476       14.4250      0.02130 

    3.5750      0.00000        9.0250      0.02570       14.4750      0.02126 

    3.6250      0.00000        9.0750      0.02664       14.5250      0.02122 

    3.6750      0.00000        9.1250      0.02756       14.5750      0.02118 

    3.7250      0.00000        9.1750      0.02846       14.6250      0.02114 

    3.7750      0.00000        9.2250      0.02933       14.6750      0.02110 

    3.8250      0.00000        9.2750      0.03017       14.7250      0.02106 

    3.8750      0.00000        9.3250      0.03097       14.7750      0.02103 
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    3.9250      0.00000        9.3750      0.03172       14.8250      0.02099 

    3.9750      0.00000        9.4250      0.03243       14.8750      0.02094 

    4.0250      0.00000        9.4750      0.03308       14.9250      0.02089 

    4.0750      0.00000        9.5250      0.03366       14.9750      0.02084 

    4.1250      0.00000        9.5750      0.03418       15.0250      0.02079 

    4.1750      0.00000        9.6250      0.03463       15.0750      0.02073 

    4.2250      0.00000        9.6750      0.03501       15.1250      0.02066 

    4.2750      0.00000        9.7250      0.03533       15.1750      0.02060 

    4.3250      0.00000        9.7750      0.03559       15.2250      0.02053 

    4.3750      0.00000        9.8250      0.03578       15.2750      0.02047 

    4.4250      0.00000        9.8750      0.03592       15.3250      0.02040 

    4.4750      0.00000        9.9250      0.03600       15.3750      0.02034 

    4.5250      0.00000        9.9750      0.03603       15.4250      0.02027 

    4.5750      0.00000       10.0250      0.03601       15.4750      0.02020 

    4.6250      0.00001       10.0750      0.03594       15.5250      0.02013 

    4.6750      0.00001       10.1250      0.03584       15.5750      0.02006 

    4.7250      0.00001       10.1750      0.03570       15.6250      0.01998 

    4.7750      0.00001       10.2250      0.03552       15.6750      0.01990 

    4.8250      0.00001       10.2750      0.03531       15.7250      0.01982 

    4.8750      0.00001       10.3250      0.03507       15.7750      0.01974 

    4.9250      0.00001       10.3750      0.03481       15.8250      0.01966 

    4.9750      0.00001       10.4250      0.03452       15.8750      0.01958 

    5.0250      0.00001       10.4750      0.03420       15.9250      0.01950 

    5.0750      0.00002       10.5250      0.03387       15.9750      0.01943 

    5.1250      0.00002       10.5750      0.03353       16.0250      0.01935 

    5.1750      0.00002       10.6250      0.03319       16.0750      0.01928 

    5.2250      0.00002       10.6750      0.03284       16.1250      0.01922 

    5.2750      0.00002       10.7250      0.03250       16.1750      0.01915 

    5.3250      0.00002       10.7750      0.03217       16.2250      0.01910 

    5.3750      0.00003       10.8250      0.03186       16.2750      0.01904 

    5.4250      0.00003       10.8750      0.03156       16.3250      0.01899 
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    5.4750      0.00003       10.9250      0.03128       16.3750      0.01895 

    5.5250      0.00003       10.9750      0.03102       16.4250      0.01890 

    5.5750      0.00003       11.0250      0.03076       16.4750      0.01886 

    5.6250      0.00003       11.0750      0.03052       16.5250      0.01882 

    5.6750      0.00003       11.1250      0.03029       16.5750      0.01877 

    5.7250      0.00003       11.1750      0.03006       16.6250      0.01872 

    5.7750      0.00002       11.2250      0.02984       16.6750      0.01868 

    5.8250      0.00002       11.2750      0.02962       16.7250      0.01863 

    5.8750      0.00002       11.3250      0.02940       16.7750      0.01858 

    5.9250      0.00001       11.3750      0.02918       16.8250      0.01853 

    5.9750      0.00000       11.4250      0.02896       16.8750      0.01849 

    6.0250      0.00001       11.4750      0.02873       16.9250      0.01844 

    6.0750      0.00002       11.5250      0.02851       16.9750      0.01839 

    6.1250      0.00004       11.5750      0.02829       17.0250      0.01834 

    6.1750      0.00005       11.6250      0.02806       17.0750      0.01829 

    6.2250      0.00008       11.6750      0.02785       17.1250      0.01825 

    6.2750      0.00010       11.7250      0.02764       17.1750      0.01820 

    6.3250      0.00013       11.7750      0.02744       17.2250      0.01815 

    6.3750      0.00017       11.8250      0.02724       17.2750      0.01811 

    6.4250      0.00020       11.8750      0.02705       17.3250      0.01806 

    6.4750      0.00025       11.9250      0.02688       17.3750      0.01801 

    6.5250      0.00030       11.9750      0.02670       17.4250      0.01797 

    6.5750      0.00036       12.0250      0.02654       17.4750      0.01792 

    6.6250      0.00043       12.0750      0.02638       17.5250      0.01788 

    6.6750      0.00050       12.1250      0.02622       17.5750      0.01783 

    6.7250      0.00058       12.1750      0.02607       17.6250      0.01779 

    6.7750      0.00068       12.2250      0.02592       17.6750      0.01774 

    6.8250      0.00078       12.2750      0.02578       17.7250      0.01770 

    6.8750      0.00090       12.3250      0.02564       17.7750      0.01765 

    6.9250      0.00103       12.3750      0.02551       17.8250      0.01761 

    6.9750      0.00117       12.4250      0.02537       17.8750      0.01756 
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    7.0250      0.00132       12.4750      0.02524       17.9250      0.01752 

    7.0750      0.00149       12.5250      0.02512       17.9750      0.01748 

    7.1250      0.00168       12.5750      0.02500       18.0250      0.01744 

    7.1750      0.00188       12.6250      0.02488       18.0750      0.01739 

    7.2250      0.00210       12.6750      0.02477       18.1250      0.01735 

    7.2750      0.00234       12.7250      0.02466       18.1750      0.01731 

    7.3250      0.00260       12.7750      0.02455       18.2250      0.01727 

    7.3750      0.00288       12.8250      0.02445       18.2750      0.01723 

    7.4250      0.00318       12.8750      0.02434       18.3250      0.01719 

    7.4750      0.00350       12.9250      0.02423       18.3750      0.01715 

    7.5250      0.00385       12.9750      0.02412       18.4250      0.01711 

    7.5750      0.00421       13.0250      0.02401       18.4750      0.01707 

    7.6250      0.00461       13.0750      0.02390       18.5250      0.01703 

    7.6750      0.00503       13.1250      0.02379       18.5750      0.01700 

    7.7250      0.00547       13.1750      0.02367       18.6250      0.01696 

    7.7750      0.00595       13.2250      0.02355       18.6750      0.01692 

    7.8250      0.00645       13.2750      0.02344       18.7250      0.01688 

    7.8750      0.00697       13.3250      0.02332       18.7750      0.01685 

    7.9250      0.00753       13.3750      0.02320       18.8250      0.01681 

    7.9750      0.00811       13.4250      0.02308       18.8750      0.01677 

    8.0250      0.00872       13.4750      0.02297       18.9250      0.01674 

    8.0750      0.00937       13.5250      0.02285       18.9750      0.01670 

    8.1250      0.01003       13.5750      0.02274       19.0250      0.01666 

    8.1750      0.01073       13.6250      0.02263       19.0750      0.01663 

    8.2250      0.01145       13.6750      0.02251       19.1250      0.01659 

    8.2750      0.01221       13.7250      0.02241       19.1750      0.01655 

    8.3250      0.01298       13.7750      0.02230       19.2250      0.01652 

    8.3750      0.01378       13.8250      0.02220       19.2750      0.01648 

    8.4250      0.01461       13.8750      0.02211       19.3250      0.01645 

    8.4750      0.01546       13.9250      0.02201 

    8.5250      0.01633       13.9750      0.02192 
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                         AREA-VOLUME-PORE SIZE SUMMARY 

 

                                SURFACE AREA DATA 

 

Multipoint BET.............................................  1.323E+03  m2/g 

Langmuir Surface Area.......................................  2.652E+03  m2/g 

BJH Method Cumulative Adsorption Surface Area...............  2.050E+03  m2/g 

DH Method Cumulative Adsorption Surface Area................  2.087E+03  m2/g 

t-Method External Surface Area..............................  3.599E+02  m2/g 

t-Method Micro Pore Surface Area............................  9.634E+02  m2/g 

DR Method Micro Pore Area...................................  1.422E+03  m2/g 

 

                                PORE VOLUME DATA 

 

Total Pore Volume for pores with Diameter 

less than 451.7 E at P/Po = 0.95550.........................  8.908E-01  cc/g 

BJH Method Cumulative Adsorption Pore Volume................  1.046E+00  cc/g 

DH Method Cumulative Adsorption Pore Volume.................  1.036E+00  cc/g 

t-Method Micro Pore Volume..................................  3.539E-01  cc/g 

DR Method Micro Pore Volume.................................  5.052E-01  cc/g 

HK Method Cumulative Pore Volume............................  5.312E-01  cc/g 

SF Method Cumulative Pore Volume............................  5.448E-01  cc/g 

 

                                 PORE SIZE DATA 

 

Average Pore Diameter.......................................  2.693E+01  E 

BJH Method Adsorption Pore Diameter (Mode)..................  9.819E+00  E 

DH  Method Adsorption Pore Diameter (Mode)..................  9.819E+00  E 

DR  Method Micro Pore Width   ..............................  7.918E+01  E 

DA  Method Pore Diameter (Mode).............................  1.920E+01  E 
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HK  Method Pore Width    (Mode).............................  9.975E+00  E 

SF  Method Pore Diameter (Mode).............................  1.818E+01  E 

 

                            

 

                    DFT Method Pore Size Distribution 

 

    Pore Width     Cumul. Pore   Cumul. Surface     dV(w)          dS(w) 

       [E]        Volume [cc/g]   Area [m2/g]     [cc/E/g]       [m2/E/g] 

 

        3.98620    2.93130E-03    1.47073E+01    0.00000E+00    0.00000E+00 

        4.17027    5.91775E-03    2.90298E+01    1.62240E-02    7.78076E+01 

        4.36282    9.09539E-03    4.35967E+01    1.65032E-02    7.56539E+01 

        4.56423    1.25836E-02    5.88818E+01    1.73193E-02    7.58915E+01 

        4.77491    1.65537E-02    7.55109E+01    1.88441E-02    7.89297E+01 

        4.99529    2.09182E-02    9.29850E+01    1.98043E-02    7.92919E+01 

        5.22581    2.56174E-02    1.10970E+02    2.03856E-02    7.80189E+01 

        5.46694    3.07180E-02    1.29630E+02    2.11528E-02    7.73847E+01 

        5.71917    3.59544E-02    1.47941E+02    2.07604E-02    7.25996E+01 

        5.98301    4.13541E-02    1.65992E+02    2.04659E-02    6.84135E+01 

        6.25899    4.66398E-02    1.82881E+02    1.91522E-02    6.11990E+01 

        6.54768    5.16168E-02    1.98084E+02    1.72400E-02    5.26598E+01 

        6.84965    5.61752E-02    2.11394E+02    1.50955E-02    4.40766E+01 

        7.16552    6.04315E-02    2.23274E+02    1.34747E-02    3.76099E+01 

        7.49593    6.46304E-02    2.34477E+02    1.27079E-02    3.39063E+01 

        7.84156    6.91598E-02    2.46029E+02    1.31053E-02    3.34252E+01 

        8.20308    7.47304E-02    2.59611E+02    1.54085E-02    3.75677E+01 

        8.58125    8.16293E-02    2.75690E+02    1.82430E-02    4.25182E+01 

        8.97682    8.91167E-02    2.92371E+02    1.89278E-02    4.21703E+01 

        9.39061    9.65191E-02    3.08137E+02    1.78897E-02    3.81012E+01 

        9.82344    1.03515E-01    3.22381E+02    1.61641E-02    3.29093E+01 
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       10.27619    1.09980E-01    3.34962E+02    1.42780E-02    2.77884E+01 

       10.74977    1.16045E-01    3.46248E+02    1.28081E-02    2.38296E+01 

       11.24516    1.22267E-01    3.57314E+02    1.25596E-02    2.23377E+01 

       11.76335    1.29904E-01    3.70297E+02    1.47367E-02    2.50553E+01 

       12.30539    1.40235E-01    3.87089E+02    1.90603E-02    3.09789E+01 

       12.87238    1.56849E-01    4.12901E+02    2.93009E-02    4.55252E+01 

       13.46547    1.77132E-01    4.43028E+02    3.41998E-02    5.07962E+01 

       14.08585    2.00682E-01    4.76466E+02    3.79610E-02    5.38995E+01 

       14.73479    2.32008E-01    5.18986E+02    4.82723E-02    6.55215E+01 

       15.41360    2.60120E-01    5.55462E+02    4.14130E-02    5.37358E+01 

       16.12366    2.80884E-01    5.81219E+02    2.92435E-02    3.62740E+01 

       16.86639    2.98345E-01    6.01924E+02    2.35091E-02    2.78769E+01 

       17.64331    3.17417E-01    6.23543E+02    2.45476E-02    2.78266E+01 

       18.45600    3.40011E-01    6.48027E+02    2.78015E-02    3.01274E+01 

       19.30608    3.57788E-01    6.66443E+02    2.09122E-02    2.16638E+01 

       20.19530    3.70296E-01    6.78830E+02    1.40660E-02    1.39300E+01 

       21.12544    3.70518E-01    6.79040E+02    2.38767E-04    2.26058E-01 

       22.09840    3.75091E-01    6.83179E+02    4.70032E-03    4.25401E+00 

       23.11614    3.96450E-01    7.01658E+02    2.09861E-02    1.81571E+01 

       24.18073    4.21533E-01    7.22405E+02    2.35617E-02    1.94880E+01 

       25.29431    4.50636E-01    7.45416E+02    2.61345E-02    2.06643E+01 

       26.45915    4.84563E-01    7.71061E+02    2.91260E-02    2.20159E+01 

       27.67761    5.17942E-01    7.95181E+02    2.73942E-02    1.97952E+01 

       28.95215    5.48269E-01    8.16131E+02    2.37949E-02    1.64374E+01 

       30.28536    5.73979E-01    8.33109E+02    1.92839E-02    1.27348E+01 

       31.67992    5.98848E-01    8.48810E+02    1.78331E-02    1.12583E+01 

       33.13868    6.24396E-01    8.64228E+02    1.75132E-02    1.05697E+01 

       34.66458    6.43124E-01    8.75033E+02    1.22732E-02    7.08109E+00 

       36.26072    6.59693E-01    8.84173E+02    1.03813E-02    5.72595E+00 

       37.93032    6.74401E-01    8.91928E+02    8.80903E-03    4.64482E+00 

       39.67677    6.87611E-01    8.98586E+02    7.56389E-03    3.81274E+00 
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       41.50360    7.01413E-01    9.05237E+02    7.55522E-03    3.64076E+00 

       43.41452    7.14343E-01    9.11194E+02    6.76618E-03    3.11701E+00 

       45.41339    7.27114E-01    9.16818E+02    6.38935E-03    2.81387E+00 

       47.50428    7.38908E-01    9.21784E+02    5.64059E-03    2.37478E+00 

       49.69139    7.47913E-01    9.25408E+02    4.11747E-03    1.65721E+00 

       51.97918    7.56091E-01    9.28555E+02    3.57437E-03    1.37531E+00 

       54.37227    7.63711E-01    9.31358E+02    3.18416E-03    1.17123E+00 

       56.87551    7.69779E-01    9.33492E+02    2.42431E-03    8.52508E-01 

       59.49397    7.75148E-01    9.35296E+02    2.05013E-03    6.89171E-01 

 

                         DFT Kernel File : N2_carb.gai 

 

                       Micro Pore Volume = 0.7751 cc/g 

 

                 Lower Confidence Limit  = 12.305 E 

 

                    Actual Fitting Error = 0.546 % 

 

  Best Value of Regularization Parameter = 0 

 

                  Min. Relative Pressure = 1.1681E-02   

 

                  Max. Relative Pressure = 6.8814E-01   

 

                       Pore Width (Mode) = 1.4735E+01   E 

 

IMRAN SYAKIR



 

114 

 

 

 

IMRAN SYAKIR



 

115 

 

 

IMRAN SYAKIR



 

116 

 

 

 

APPENDIX B : Stability Test Rig C-code 
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/***************** 6 LDR Laser System ****************** 

When one of the LDR is activated (active low), the corresponding LED will turn  

on. There are 6 LDRs which is represented by 6 LEDs 

************************************************/ 

#include <16F877A.h> 

#fuses HS, NOWDT, NOPUT, NODEBUG, NOLVP, NOBROWNOUT, CPD, PROTECT, NOWRT 

#device adc=10 

#use delay(clock = 20000000) 

 

#define ldr_row1_1       PIN_B5 

#define ldr_row1_2       PIN_B4 

#define ldr_row1_3       PIN_B3 

#define led_row1_1       PIN_D7 

#define led_row1_2       PIN_D6 

#define led_row1_3       PIN_D5 

#define ldr_row2_1       PIN_B2 

#define ldr_row2_2       PIN_B6 

#define ldr_row2_3       PIN_B7 

#define led_row2_1       PIN_D4 

#define led_row2_2       PIN_C7 

#define led_row2_3       PIN_C6 

#zero_ram 

 

//################# main program started ################## 

 

Since the C-code has been constructed, hardware test should be confirmed as per data showed. 

 

main() { 

 

/********* Hardware Test ***********/ 

    output_high(led_row1_1); delay_ms(100); 
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    output_low(led_row1_1);  delay_ms(100); 

    output_high(led_row1_2); delay_ms(100); 

    output_low(led_row1_2);  delay_ms(100); 

    output_high(led_row1_3); delay_ms(100); 

    output_low(led_row1_3);  delay_ms(100);  

    output_high(led_row2_1); delay_ms(100); 

    output_low(led_row2_1);  delay_ms(100); 

    output_high(led_row2_2); delay_ms(100); 

    output_low(led_row2_2);  delay_ms(100); 

    output_high(led_row2_3); delay_ms(100); 

    output_low(led_row2_3);  delay_ms(100); 

/**********************************/     

 

  while (1) { 

     if(!input(ldr_row1_1)){               // Check if first LDR in first column activated 

       delay_ms(10); 

       if(!input(ldr_row1_1)){ 

         output_high(led_row1_1);          // Output high the LED        

       } 

     }else if(input(ldr_row1_1)){          // Check if first LDR in first row deactivated             

       delay_ms(10); 

       if(input(ldr_row1_1)){ 

         output_low(led_row1_1);          // Output low the LED  

       } 

     }    

     if(!input(ldr_row1_2)){              // Check if second LDR in first column activated 

       delay_ms(10); 

       if(!input(ldr_row1_2)){ 

         output_high(led_row1_2);              

       } 

     }else if(input(ldr_row1_2)){                
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       delay_ms(10); 

       if(input(ldr_row1_2)){ 

         output_low(led_row1_2);              

       } 

     }    

     if(!input(ldr_row1_3)){               // Check if third LDR in first column activated 

       delay_ms(10); 

       if(!input(ldr_row1_3)){ 

         output_high(led_row1_3);             

       } 

     }else if(input(ldr_row1_3)){               

       delay_ms(10); 

       if(input(ldr_row1_3)){ 

         output_low(led_row1_3);               

       } 

     }    

     if(!input(ldr_row2_1)){              // Check if first LDR in second column activated 

       delay_ms(10); 

       if(!input(ldr_row2_1)){ 

         output_high(led_row2_1);              

       } 

     }else if(input(ldr_row2_1)){                

       delay_ms(10); 

       if(input(ldr_row2_1)){ 

         output_low(led_row2_1);               

       } 

     }   

     if(!input(ldr_row2_2)){             // Check if second LDR in second column activated 

       delay_ms(10); 

       if(!input(ldr_row2_2)){ 

         output_high(led_row2_2);              
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       } 

     }else if(input(ldr_row2_2)){             

       delay_ms(10); 

       if(input(ldr_row2_2)){ 

         output_low(led_row2_2);             

       } 

     }    

     if(!input(ldr_row2_3)){           // Check if third LDR in second column activated 

       delay_ms(10); 

       if(!input(ldr_row2_3)){ 

         output_high(led_row2_3);             

       } 

     }else if(input(ldr_row2_3)){               

       delay_ms(10); 

       if(input(ldr_row2_3)){ 

         output_low(led_row2_3);              

       } 

     }          

  } 

}//main() 

 

APPENDIX C : Nanofluids stability samples checklist 
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No Time Produce Code 1 hr 3 hrs 5 hrs 10 hrs 24 hrs 36 hrs 48 hrs 60 hrs 72 hrs 84 hrs 100 hrs

1 1 HOUR N200 √ √ √ √ √ √ √ √ √ √ √

2 I HOUR N201 √ √ √ √ √ √ √ √ √ √ √

3 I HOUR N202 √ √ √ √ √ √ √ √ √ √ √

4 I HOUR N203 √ √ √ √ √ √ √ √ √ √ √

5 I HOUR N204 √ √ √ √ √ √ √ √ √ √ √

6 I HOUR N205 √ √ √ √ √ √ √ √ √ √ √

7 I HOUR N206 √ √ √ √ √ X X X X X X

8 I HOUR N207 √ √ √ √ √ X X X X X X

9 I HOUR N208 √ √ √ √ √ X X X X X X

10 I HOUR N209 √ √ √ √ √ X X X X X X

11 I HOUR N210 √ √ √ X X X X X X X X

12 I HOUR N211 √ √ √ X X X X X X X X

13 I HOUR N212 √ √ √ X X X X X X X X

14 I HOUR N213 √ √ √ X X X X X X X X

15 I HOUR N214 √ X X X X X X X X X X

16 I HOUR N215 √ X X X X X X X X X X

17 I HOUR N216 √ √ √ √ X X X X X X X

18 I HOUR N217 √ √ √ √ X X X X X X X

19 I HOUR N218 √ √ √ √ X X X X X X X

20 I HOUR N219 √ √ √ X X X X X X X X

21 I HOUR N220 √ √ √ X X X X X X X X

22 I HOUR N221 √ √ √ √ X X X X X X X

23 I HOUR N222 √ √ X X X X X X X X X

24 I HOUR N223 √ √ X X X X X X X X X

25 I HOUR N224 √ √ √ √ X X X X X X X

26 I HOUR N225 √ √ X X X X X X X X X

27 I HOUR N226 √ √ X X X X X X X X X

28 I HOUR N227 √ √ √ √ X X X X X X X

29 I HOUR N228 √ √ X X X X X X X X X

30 I HOUR N229 √ √ √ √ X X X X X X X

31 I HOUR N230 √ X X X X X X X X X X

Stability Checklist (Nanoarmor)
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No Time Produce Code 1 hr 3 hrs 5 hrs 10 hrs 24 hrs 36 hrs 48 hrs 60 hrs 72 hrs 84 hrs 100 hrs

1 I HOUR N100 √ √ √ √ √ √ √ √ √ √ √

2 I HOUR N101 √ √ √ √ √ √ √ √ √ √ √

3 I HOUR N102 √ √ √ √ √ √ √ √ √ √ √

4 I HOUR N103 √ √ √ √ √ √ √ √ √ √ √

5 I HOUR N104 √ √ √ √ √ √ √ √ √ √ √

6 I HOUR N105 √ √ √ √ √ √ √ √ √ √ √

7 I HOUR N106 √ √ √ √ X X X X X X X

8 I HOUR N107 √ √ √ √ √ √ X X X X X

9 I HOUR N108 √ √ √ √ √ √ X X X X X

10 I HOUR N109 √ √ √ √ √ √ X X X X X

11 I HOUR N110 √ √ √ √ √ √ X X X X X

12 I HOUR N111 √ √ √ √ √ √ X X X X X

13 I HOUR N112 √ √ √ √ √ √ X X X X X

14 I HOUR N113 √ √ √ √ X X X X X X X

15 I HOUR N114 √ √ √ √ X X X X X X X

16 I HOUR N115 √ √ √ √ X X X X X X X

17 I HOUR N116 √ √ √ √ X X X X X X X

18 I HOUR N117 √ √ √ √ X X X X X X X

19 I HOUR N118 √ √ √ √ X X X X X X X

20 I HOUR N119 √ √ √ √ X X X X X X X

21 I HOUR N120 √ √ √ √ √ √ √ X X X X

22 I HOUR N121 √ √ √ √ √ √ √ X X X X

23 I HOUR N122 √ √ √ √ √ √ √ X X X X

24 I HOUR N123 √ √ √ √ √ √ √ X X X X

25 I HOUR N124 √ √ √ √ √ √ √ X X X X

26 I HOUR N125 √ √ √ √ √ √ √ X X X X

27 I HOUR N126 √ √ √ √ √ X X X X X X

28 I HOUR N127 √ √ √ √ X X X X X X X

29 I HOUR N128 √ √ √ √ X X X X X X X

30 I HOUR N129 √ √ √ √ √ √ X X X X X

31 I HOUR N130 √ √ √ √ √ √ X X X X X

32 I HOUR N131 √ √ √ √ √ √ X X X X X

33 I HOUR N132 √ √ √ √ √ √ X X X X X

34 I HOUR N133 √ √ √ √ √ √ X X X X X

35 I HOUR N134 √ √ √ √ √ √ X X X X X

Stability Checklist (Pyrograf)
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