
Proceedings of Asia International Conference on Tribology 2018, pp. 495-496, September 2018 

__________ 

© Malaysian Tribology Society 

 

Preparation and dispersion stability of graphite nanoparticles 

in palm oil 
A.N. Farhanah1,*, S. Syahrullail1, E.A. Rahim2 

 
1) Faculty of Mechanical Engineering, Universiti Teknologi Malaysia, 81310 Skudai, Johor, Malaysia. 

2) Faculty of Mechanical and Manufacturing Engineering, Universiti Tun Hussein Onn Malaysia,  

86400 Batu Pahat, Johor, Malaysia. 

   
*Corresponding e-mail: nurulfarhanahazman@gmail.com 

 

Keywords: Sedimentation; microscopy; nanoparticles 

 

 

ABSTRACT – Nanolubricant, which is the suspension 

of nanoparticles in a based lubricant, promises a positive 

impact on tribological performance. However, its 

stability is a cause for concern in actual applications. The 

present research evaluates the effect of dispersion 

methods on the dispersion stability of graphite in palm 

oil-based lubricant. Nanolubricants are prepared by 

different two-step methods; including magnetic stirrer, 

overhead stirrer and high-shear homogenizer. The 

dispersion stability of nanolubricants was measured by 

sedimentation photographs and metallographic 

microscopy. The results indicate that the high-shear 

homogenizer method was the most effective at providing 

a more stable suspension. 

 

1. INTRODUCTION 

Recently, significant interest has been directed 

towards the suspension of nanoparticles in based 

lubricant; since it can provide useful advantages in terms 

of tribological performance [1–4]. However, previous 

research found that the agglomeration of nanoparticles 

affected the tribological performance of the 

nanolubricant. It is therefore important to improve the 

dispersion stability of nanolubricant to provide a 

suspension without agglomeration and have a long-term 

stability, in order for it to be used in actual future 

applications. 

Some methods, including physical (one-step and 

two-step methods) and chemical treatments (use of 

surfactant, surface modification, and pH control), can be 

used to provide a stable suspension. For physical 

treatment, generally the two-step method is the most 

widely used by previous researchers to prepare a 

suspension; since it is the most economical method for 

large scale production. The selection of a preparation 

method is important to provide an established stability of 

suspension. The present research will only focus on the 

physical treatment. The aim of this study is therefore to 

evaluate the effect of the dispersion method on the 

dispersion stability of graphite (CG) nanoparticles in the 

palm kernel oil (PK) based lubricant. To achieve the aim 

of this research, three different two-step methods were 

considered, including magnetic stirrer, overhead stirrer 

and high-shear homogenizer. The dispersion stability of 

the nanolubricants was measured by sedimentation 

photographs and metallographic microscopy.  

 

 

2. METHODS 

2.1 Materials 

Refined, bleached and deodorized PK, with a 

density of 0.89 g/cm3, was used as the based lubricant. 

Graphite (CG) nanopowder, with 99.5% purity, from MK 

Impex Corp, Canada, was used for the dispersion in this 

study. The average nanoparticle size was 50 nm with a 

density of 2.26 g/cm3. The transmission electron 

micrograph (TEM) of graphite nanopowder with sheet 

morphology is shown in Figure 1.   

 

 
Figure 1 TEM image of graphite nanosheets. 

 

2.2 Nanolubricant preparation methods 

The nanolubricants were prepared by dispersing CG 

nanoparticles in PK by a two-step method. In order to 

study the effects of the nanolubricant’s dispersion 

method, CG nanoparticles, with a concentration of 0.05 

wt%, are dispersed in PK via three different two-step 

methods (magnetic stirrer, overhead stirrer and high-

shear homogenizer). The details of these preparation 

methods are summarized in Table 1. 

 

Table 1 Preparation methods of nanolubricants. 

Two-step methods Test condition 

Magnetic stirrer (M1) 
Speed (1200 rpm), duration 

(240 min) 

Overhead stirrer (M2) 

Speed (400 rpm), duration 

(120 min), power input (72 

W), frequency (50/60 Hz) 

High-shear 

homogenizer (M3) 

Speed (7600 rpm), duration 

(60 min), power input (800 

W), frequency (50/60 Hz) 

 

2.3 Evaluation of dispersion stability 

The effects of dispersion methods, on the stability 

of nanolubricants, are evaluated using sedimentation 

photographs and metallographic microscopy. After 

preparation of the nanolubricants, vials of 50 ml were 

filled with nanolubricant. Next, sedimentation 
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photographs were taken over a period of time. For 

metallography microscopy, the present research uses an 

optical microscope instead of electron microscopy; since 

it can characterize the aggregate size of the suspension on 

a micrometre scale [5]. 

 

3. RESULTS AND DISCUSSION 

Sedimentation photographs were taken over a 

period of time (as shown in Figure 2). Figure 2 shows that 

the fastest sedimentation rate was in the nanolubricant 

prepared by overhead stirrer; where a bigger separation 

layer of CG nanoparticles and PK based lubricant can be 

seen. Based on this figure, the stability of nanolubricants 

shows improvement after using the magnetic stirrer and 

the high-shear homogenizer. 

To further investigate the dispersion of CG in 

lubricant, metallographic micrographs were taken using 

an optical microscope (as shown in Figure 3). After 

preparation of the nanolubricant, a drop of each 

suspension was poured onto a glass slide, left to dry at 

room temperature, and observed with an optical 

microscope [6]. It was observed that dispersing CG 

nanoparticles in lubricant using the overhead stirrer 

(Figure 3b) had the highest level of agglomeration. Using 

the magnetic stirrer was apparently more effective at 

breaking the agglomerate size of the particles than using 

the overhead stirrer (see Figure 3a). Figure 3c shows that 

the high-shear homogenizer effectively diminished the 

agglomeration of CG nanoparticles. The high-shear 

homogenizer was therefore deemed to be the most 

effective two-step method of providing a more stable 

suspension than the other methods. These results show 

that different dispersion methods affect the dispersion 

stability; which agrees well with the results of a study by 

Hwang et al. [7]. The authors confirm that the high-shear 

homogenizer was the most effective dispersion method 

of all to disperse nanoparticles in the base fluid. This is 

because the high-shear homogenizer was able to provide 

sufficient energy to break down the agglomerate 

nanoparticles using high shear force. For the present 

research, it was able to provide a shear rate of up to 

40,000 s-1. 

 

 
Figure 2 Sedimentation photographs of different 

dispersion methods (M1: magnetic stirrer; M2: overhead 

stirrer; M3: high-shear homogenizer): (a) 10 days after 

preparation; (b) 20 days after preparation. 

 

 

 

 
Figure 3 Metallographic micrographs of CG in lubricant 

under different dispersion methods of (a) magnetic 

stirrer; (b) overhead stirrer; (c) high-shear homogenizer. 

 

4. CONCLUSION 

The present research revealed that different 

dispersion methods displayed different dispersion 

stabilities of suspension. Among the two-step methods 

employed, the high-shear homogenizer method was 

found to be the most effective at providing a stable 

suspension. The dispersal mechanism of nanoparticles in 

a based lubricant additive requires further investigation. 
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