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ABSTRACT – Small size and ability to govern high 

thermal conductivity are the main factor why 

nanoparticles based coolant has becoming preferable 

coolant. On this paper, two types of nanocarbon 

particles were used as a basic material in deionized 

water named functionalized multiwalled carbon 

nanotube based nano-coolant (NC1) and carbon 

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

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

0.3wt% being mixed with deionized water and 

polyvinylpyrrolidone (PVP). Next, thermal conductivity 

of NC1, NC2 and standard deionized water (as a 

reference) was investigated at temperature ranging from 

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

conductivity value of NC1 and NC2 are slightly higher 

than the standard deionized water and increased against 

the increment of temperature. It also revealed that NC2 

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

highest thermal conductivity with a value of 0.661 

W/m.K. 

 

1. INTRODUCTION 

 The low thermal conductivities of conventional 

heat transfer fluid limit the cooling performance in 

many industrial applications. The addition of the small 

amount of nanocarbon in heat transfer fluid contributes 

to the enhancement of thermal conductivities of the 

fluid. Commercial coolant with the usage of solid 

particle such as Cu and Zn might cause the clogging, 

blockage and corrosion when come to nano-coolant 

applications due to its sizing. In order to overcome this 

limitation, nanoparticles such as carbon nanotube and 

carbon nanofiber were introduced as a based material in 

nano-coolant since it has very small particles and 

performs a very good thermal conductivity. Nano-

coolant is said to have a better thermal property such as 

thermal conductivity, heat transfer coefficient and 

thermal viscosity. 

 Excellent stability and high thermal conductivity 

are the two main factors required when preparing a 

nano-coolant. Since nanocarbon particles surface 

hydrophobicity limits the nano-coolant to achieved 

stability, PVP was introduced as dispersing agent which 

can avoid nanocarbon particles to aggregate and 

agglomerate [1]. Increase volume of nanoparticles will 

lead to improve thermal conductivity. Research by 

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

volume fraction increase the thermal conductivity of the 

nanofluid as the temperature increased. Thus, this 

research aimed to study the thermal conductivity pattern 

of functionalized multiwalled carbon nanotube based 

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

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

to 40°C. 

 

2. METHODOLOGY 

 The research were carried out by using two types 

of nanocarbon which are functionalized multiwalled 

carbon nanotube (fMWCNT) produced by 

Nanostructured & Amorphous Materials, Inc. and 

Pyrograf III High Heat Treated (HHT-24) carbon 

nanofiber (CNF) manufactured by Pyrograf Products, 

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

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

with deionized water as a based coolant and 

polyvinylpyrrolidone (PVP) from Sigma Aldrich which 

act as dispersing agent. 

 The mixture then being homogenized at 10000 

rpm and undergoes ultrasonication for five minutes. 

Stability testing is carried out by using the stability test 

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

coolant was inspected at various temperature ranging 

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

Analyzer from Decagon Devices.  

 

3. RESULTS AND DISCUSSION 

 The result for thermal conductivity against 

temperature of NC1, NC2 and standard deionized water 

was presented graphically in Figure 1. The result 

obtained shows that the trend for the most of the 

samples for thermal conductivity is increasing steadily 

with the temperature. Higher thermal conductivity 

reading is dominated by NC2 sample at all temperatures 

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

thermal conductivity value of 0.661 W/m.K at 

temperature 40°C.  

 Whilst, the highest thermal conductivity for NC1 

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

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

thermal conductivity at 0.3wt% of NC1 sample at 

temperature 40°C. Meanwhile, the highest thermal 

conductivity for NC1 sample was recorded at 0.3wt% 

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

standard deionized water against temperature. 

  

 The percentage enhancement (%) of each sample 

against standard deionized water is calculated using 

Equation 1 and was tabulated in Table 1. 

 

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

TC of based fluid
× 100           (1) 

 

* T.C = thermal conductivity 

 

Table 1 Percentage enhancement (%) of all samples. 

Temp 

(
o
C) 

Percentage enhancement (%) 

NC1 (wt% ) NC2 (wt% ) 

0.1 0.2 0.3 0.1 0.2 0.3 

6 1.94 2.99 4.05 2.82 4.05 7.75 

12 1.22 2.26 5.56 2.43 4.69 8.68 

18 1.37 3.09 4.97 2.40 4.80 8.23 

24 1.35 3.38 4.41 2.2 4.74 8.12 

30 2.01 3.18 5.36 3.02 4.86 8.04 

36 1.96 4.08 4.90 2.61 4.08 6.37 

40 1.94 3.39 5.81 2.42 4.03 6.61 

 

 According to the calculation, all samples showed 

positive enhancement where the enhancing numbers 

keep increasing as the weight percentage increased. It 

can be seen that, NC2 shows better enhancement than 

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

CNF at temperature of 12°C. 

  As the percentage enhancement depends on the 

thermal conductivity of nanofluid, thus NC2 leads the 

enhancement at every temperature ranges compared to 

NC1.  Among the reasons on which NC2 has better 

thermal conductivity is the bigger surface area. 

Properties that influenced surface area are number of 

wall, impurities, hydroxyl and carboxyl functionalized 

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

CNF and CNT will give superior thermal conductivity 

compared to any other based fluid due to its 

characteristics which contributes to physical and 

chemical properties enhancement of nanofluid. Besides, 

particle clustering and Brownian motion also affect the 

thermal conductivity of nano-coolant [5]. Brownian 

motion occurred due to thermal fluctuation of the 

solvent, Brownian rates grew stronger resulted more 

colloidal between nanoparticle thus lead to particle 

clustering. 

 

4. CONCLUSION 

 In conclusion, dispersing solid nanoparticles does 

enhance the thermal conductivity of the based coolant. 

Temperature as well as weight percentage (wt%) does 

affected the thermal conductivity of nano-coolant. As 

the result, thermal conductivity of NC1 and NC2 

demonstrate increasing pattern against each 

temperature, thus resulted better enhancement. A value 

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

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

highest thermal conductivity for fMWCNT. NC2 with 

0.3 wt% at 40C showed 8.68% enhancement which 

stated as highest enhancement among all samples and 

lowest enhancement throughout this research recorded 

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

Thus, additional of CNF in the base coolant showed 

better thermal conductivity if compared to fMWCNT 

since the surface area and structure is much higher than 

fMWCNT. 
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