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ABSTRACT – The limitation of thermal properties in 

the conventional fluid like ethylene glycol and 

deionized water can be improved by adding carbon 

nanotube (CNT) in the solution. However, the 

dispersion and stability of nanofluid is still a major 

concerned since CNT is hydrophobic. In this research, 

functionalized multiwalled carbon nanotube (MWCNT-

OH) were used to formulate a nanofluid with additional 

of polyvinylpyrrolidone (PVP) as dispersing agent and 

ethylene glycol and deionized water as base fluid. In 

order to inspect the optimum duration time for 

ultrasonic homogenizing process which can lead the 

nanofluid to achieved highest stability,  the mixture 

were inspected at five series of time (1, 3, 5, 10 and 15) 

minutes. The results show at one minute of 

synthetisation process of nanofluid already give the 

stability of t nanofluid.  

 

1. INTRODUCTION 

 Nanofluid is a suspension of solid nanoparticle of 

metallic or non-metallic in the base fluid which is 

ethylene glycol, deionized water or oil.  Nanofluids can 

be used in numerous applications i.e. HVAC, nuclear 

power plant and electronic cooling system due to its 

excellent heat transfer performance. However, the 

dispersion of nanoparticles is yet the main issue while to 

achieve a very stable nanofluid. In addition, the nature 

character of CNT itself which is hydrophobic makes it 

difficult to disperse in the fluid. In the previous research 

[1], the strong tendency and high aspect ratio of the 

nanofluid contribute to affect the nanoparticle to have a 

superior dispersion. Thus, a surfactant or dispersant are 

used to assist CNT to disperse in the fluid. As previous 

research [2], the addition of PVP as surfactant in the 

nanofluid helps to improve the nanoparticles dispersion 

and offers a better stability. Homogenizer and 

ultrasonicator used in this research as to stir the 

nanofluid. The homogenization process can reduce the 

agglomeration in the nanofluid whilst the sonication can 

break the intermolecular interaction between the 

particles. As previous research [3], the high shear rate 

from homogenization and sonication process can break 

the agglomeration particles into single dispersed 

particles. Furthermore, the higher pressure from the 

homogenizer makes it the better way to disperse the 

nanoparticles in the base fluid. Besides, there is no 

standard time for the sonication process to achieve the 

stability of nanofluid. For example, the stability of 

Al2O3 nanofluid and CuO nanofluid is achieved on 30 

minutes of sonication and titanium-dioxide nanofluid 

stable at one hour of sonication. In this research, the 

effect of homogenization and sonication duration time 

were investigate to inspect the quality of nanoparticles 

dispersion and stability of MWCNT-OH in ethylene 

glycol and deionized water. 

 

2. METHODOLOGY 

 This study used two-step preparation process to 

synthesis the CNT by mixing of deionized water and 

ethylene glycol as base fluid with the commercial 

nanopowder. The nanofluid were formulated using 

MWCNT-OH develop by Nanostructured & Amorphous 

Materials, Inc. with additional of PVP produce by 

Sigma-Aldrich Co. and base fluid (deionized water and 

ethylene glycol). The mixture were homogenize (Wise 

Tis HG-15D homogenizer) at 10000 rpm and sonicate 

(Elma Schidmidbauer GmbH ultrasonicator) at 50 to 60 

kHz. The mixture was controlled at room temperature 

and pH ±9. Five series of times duration for 

homogenizing and sonicating are setup i.e. (1, 3, 5, 10 

and 15) minutes. Next, the behaviour of nanoparticle 

dispersion and the stability of the nanofluids were 

monitored for more than 240 hours using Stability Test 

Rig (STR) as shown in Figure 1 [4]. 

 

 

Figure 1 Stability Test Rig (STR). 
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3.  RESULTS AND DISCUSSION 

 Based on Figure 2, the result shows that the 

stability of nanofluids were achieved on the others 

sample except on NF10 sample. At 15 minutes of 

synthetisation process (CNT ethylene glycol based 

nanofluids), the sample shows sedimentation occurs at 

the bottom of the bottle. The sedimentation only occurs 

on the ethylene glycol sample. Besides, the stability of 

nanofluid is achieved in the shorter time. Referring to 

the Figure 2, synthetisation process of nanofluids at one 

minutes give the stability. NF1 to NF10 consists of 0.1 

wt% CNT and 0.01 wt% PVP. Whilst, the base fluid of 

the sample NF1 to NF5 is utilizing deionized water and 

NF6 to NF10 is utilizing ethylene glycol.  

 

 
Figure 2 Nanofluids base (a) deionized water and 

(b) ethylene glycol. 

 

 In developing a commercial nanofluid, stability is 

one of the greatest challenges in the synthetisation of 

nanofluid. Recent studies [2,4] reveal that the protective 

role of PVP reduce the agglomeration in the Nnano fluid 

and resulting to the stability of nanofluids. In addition, 

the stable nanofluid as surfactants can lower the surface 

tension of the base fluid and wetting the nanofluids 

particle. The other factor that can affect the stability of 

nanofluid is ultrasonic homogenizing. This process is 

the best method in reducing the nanoparticles 

agglomeration in the nanofluids. The greater stability of 

nanofluid is achieved by using the sonicator probe or 

homogenizer [4]. The higher speed rotation from the 

homogenizer helps in the dispersion and stability of 

nanofluid. In addition, the sound waves from the 

ultrasonicator during the ultrasonic homogenizing 

process cause the high pressure and low pressure cycle 

in the nanofluid. Hence, pressures from the 

ultrasonicator reduce the agglomeration in suspension. 

The electrostatic or charge from the sonicator contribute 

to the well dispersion of the CNT in the base fluid. 

Then, this process contributes in the reducing time of 

synthesis of nanofluid and make the stability of 

nanofluid is achieved in the shorter time. Eventhough 

the ultrasonic homogenizing process help the dispersion 

of CNT in the base fluid, sedimentation or 

agglomeration could also occur at the certain times and 

certain base fluid. As can be seen, the deagglomeration 

occurs on the CNT ethylene glycol based nanofluid at 

15 minutes synthesis process. Thus, the long-time of 

sonication process also can contribute to the 

sedimentation in the nanofluid [5]. However, there is no 

exact or specific sonication time for the sedimentation 

to occur.  

 

4. CONCLUSION 

 In conclusion, the ultrasonicating homogenization 

process giving effect in the stability of CNT in the base 

fluid (deionized water/ethylene glycol). This process 

makes the stability of CNT nanofluids were achieved in 

the shorter time which is one minute. It is because the 

function of the ultrasonicating homogenization process 

which reduces and breaks the agglomeration particle in 

the nanofluids. Therefore it can reduce the time of 

synthetisation process of CNT nanofluid.  But, the long-

time of ultrasonicating homogenization process also 

contribute the sedimentation to occur and it happened 

on the sample NF10 (15 minutes, CNT ethylene glycol 

based nanofluids). 
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