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ABSTRACT – The different in nanocarbon structure 

may result in thermal conductivities performance. In 

this research, the understanding about the behavior and 

characteristic of different types of nanocarbon are 

investigated. The morphology and functionalized-group 

attachment on the nanocarbon surface were 

characterized using Scanning Electron Microscopy 

(SEM) and Fourier Transform Infra-Red (FTIR). The 

thermal conductivity testing were performed to select 

the best CNT which can possess a good thermal 

properties. The result shows that the CNT3 (HHT24) 

has the higher thermal conductivity enhancement.  

 

1. INTRODUCTION 

 Nanofluids were formed by fine dispersion of 

nano-sized solid particles in a liquid. Even in dilute 

concentrations, typical colloids form aggregates that are 

dependent on the solution chemistry, surface charges, 

and thermal Brownian motion of the nanoparticles [1]. 

The external fields such as gravity and temperature can 

support or destroy the formation of aggregates. Thus, 

the tested nanofluids in most experimental shows that 

there is a competition between the growth of fractal-like 

structures, coalescence into large clumps, 

sedimentation, and fragmentation [2]. In general, the 

viscosity and thermal conductivity are sensitive to 

geometrical configuration and the connectivity [3] of 

the formed aggregated structure. 

 Carbon nanotubes with rolled-up graphene sheets 

have high thermal conductivity and has the ability to 

remain in stable suspension for a long period of time. 

The carbon nanotubes were discovered by Iijima in 

1991 [4] and since that, carbon nanotubes have received 

much attention. The diameters and arrangement of the 

hexagon rings along the tube length determined the 

metal properties of the carbon nanotubes, metallic or 

semi-conductive. The consistent arrangement of the 

hexagon rings without any loose bonds make the carbon 

nanotube walls to become unreactive [5]. 

 The intrinsic mechanical and transport properties 

of CNT make them an ultimate carbon fiber. By and 

large, CNT demonstrate an exceptional blend of 

stiffness, strength, and tenacity contrasted with other 

fiber materials which generally fail to offer one or a 

greater amount of these properties. 

 

2. METHODOLOGY 

 The characterizations which being conducted for 

the selected nanocarbon such as Carbon Nanotube 

(Nanoamor-CNT), Multiwalled CNT and Carbon 

Nanofiber (Pyrograf-CNF). The objectives is to find the 

best nanocarbon, which can enhance and possess a good 

thermal properties based on the structural analysis. 

Thermal conductivity testing was conducted using 

KD2Pro Thermal properties Analyzer. The results were 

used to syncronized the performance of thermal 

conductivity with the surface characteristic of 

nanocarbons. Table 1 shows the properties of 

commercial carbon nanotubes used in this studies. 

 

Table 1 Properties of the commercial CNT 

Sample 

coding 
Types 

Outer 

Diameter 

(nm) 

Specific 

Surface 

Area 

(m2/g) 

CNT1 Multiwalled-

CNT 

30-50 60 

CNT2 Nanoamor -

CNT 

10-30 100 

CNT3 Pyrograf -

CNF 

100 43 

 

2.1 Scanning Electron Microscopy (SEM) 

 The Scanning Electron Microscopy (SEM) utilizes 

a focused beam of high energy electrons to create a 

mixed bag of signs on the surface of solid specimens. 

The signals that formed from the electron-sample 

correlations will produce the specimen or sample data 

that is the morphology (surface), composition of 

chemical, crystalline structure and also material content 

that make up the specimen observed under SEM. SEM 

was used to characterize the nanocarbons to generate 

high-resolution images with 10000x, 30000x, 60000x 

and 120000x magnification of shapes of objects and to 

observe the spatial variations in chemical compositions.   
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2.2 Fourier Transform Infrared (FTIR) 

 An infrared spectrum represents a fingerprint of a 

specimen with absorption peaks which correlate to the 

frequencies of vibrations between the obligations of the 

atom that making up the material. In order to make an 

identification and requires a frequency spectrum, as the 

measured interferogram signal cannot be interpreted, a 

means of decoding the individual frequencies is 

required. This can be solved only through the well-

known mathematical method called the Fourier 

transform. This transformation will be performed and 

solved by the computer which then presents the user 

with desired spectral information for analysis. 

 

2.3 Thermal Conductivity Testing 

 The thermal conductivity test of the nanofluid will 

be taken at three different temperatures which are at 

6°C, 25°C and 40°C. To obtain such temperature of the 

nanofluid, those three samples will be immersed in the 

water bath so that the temperature of the samples will 

maintain at desired temperature. 

  

3. RESULTS AND DISCUSSION 

The morphology of three different types of carbon 

nanotubes is shown in Figure 1. The nanotubes 

morphology are randomly entangled and highly 

interconnected, probably due to the van der Waal’s. 

 

    

Figure 1 SEM images of a) CNT1, b) CNT2, c) CNT3 

 

 The surface areas contribute to the enhancement of 

physical and chemical properties of nanofluids.  The 

properties that found to influence surface area were 

number of walls or diameter, impurities, and surface 

functionalization with hydroxyl and carboxyl groups. 

All images shown in Figure 1 illustrated agglomerate 

carbon nanotube and nanofibers, primarily with non-

uniform tubular structure. The increase in diameter size 

will reduce the surface area. Higher surface areas are 

expected to provide a better media for thermal transport 

in nanofluid.  

Figure 2 shows the FTIR spectra of the CNTs. On 

the horizontal axis is the infrared wavelengths expressed 

in term of a unit called wavenumber (cm-1) which 

represent the number of waves fit into one centimeter. 

The peaks in the COOH spectrum represent the 

functional groups that are present in the molecule. The 

results reveal that the CNT1 (fMWNT) shows the 

higher COOH spectrum followed by CNT2 

(Nanoamor), and CNT3 (HHT24). The higher in the 

peak spectrum will enable a good dispersion of CNT in 

nanofluids and improve the stability of nanofluids. 

 

 
Figure 2 FTIR spectra of CNTs 

 

Table 2 Thermal conductivity (W/mK) for CNT at 

various temperatures 

CNT 
Temperature (oC) 

6 25 40 

CNT1 0.55 0.50 0.50 

CNT2 0.57 0.50 0.60 

CNT3 0.58 0.60 0.60 

 

 Table 2 shows the thermal conductivity analysis 

for the all CNTs. CNT3 shows the higher thermal 

conductivity compared to others due to the decrement of 

diameter size in carbon nanofiber. The smallest diameter 

generates the best enhancement in thermal conductivity 

which contribute to the higher surface area. 

 

4. CONCLUSIONS 

In conclusion, the study of surface area of the 

selected CNT nanocarbon shows that the decrement in 

diameter size will attributed to the highest surface area 

and possesses a good thermal conductivity. The 

experimental studies shows that CNT3 (HHT24) 

generates the best enhancement in thermal conductivity. 

High surface area of the CNT3 (HHT24) offers a better 

media for thermal transport in nanofluids.  
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