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ABSTRACT – In this study, graphene has been 

dispersed in NPG ester, TMP ester and PE ester at 

0.01wt% and 0.05wt% concentration. There are no 

significant changes in the physicochemical properties of 

base oil after the addition of graphene. Graphene exhibit 

different effect on frictional performance for every bio-

based lubricant. This may be related to the chemical 

structure of the bio-based lubricant. Graphene is able to 

increase wear reducing performance of bio-based 

lubricant in most condition. 

 

1. INTRODUCTION 

Lubricants are widely used in industries especially 

in automotive, marine and metal working application. 

There are many roles that lubricant plays however the 

most important one is to reduce the frictional loses of a 

machine. With the increasing environmental awareness, 

lubricant industry is more focused on creating a more 

environmentally friendly product that is on par with the 

performance of commercial lubricant.  

Bio-based lubricant is a good alternative to 

conventional lubricant as they have many renewable 

sources [1]. This allows easy access to bio-based 

lubricant worldwide. The high viscosity index, high flash 

point and cost-efficient aspect of bio-based lubricant 

gives it an edge to mineral based oil [2].  

However, the tribological performance of this bio-

based oil can still be improved by the addition of 

additive[3]. In this study, graphene is chosen to act as an 

additive due to its high mechanical strength and unique 

structure. Azman et al. [4] have shown that graphene can 

improve the tribological performance of bio-based 

lubricant.  

Due to the fact that there is still a lack of knowledge 

regarding graphene-based additive in bio-based 

lubricant, this study will used various bio-based lubricant 

to see effectiveness of graphene as a bio-based lubricant 

additive. 

 

2. METHODOLOGY 

The bio-based lubricant chosen for this study are 

commercial Neopentylglycol Dioleate ester (NPG), 

Trimetylolpropane Trioleate ester (TMP) and 

Pentaerythritol Tetraoleate ester (PE). Graphene 

nanoplatelet was used as additive and dispersed into 

every bio-based lubricant at 0.01wt% and 0.05wt% via 

magnetic stirrer. 

 

All the samples undergo density and viscosity 

measurement using SVM 3000 Stabinger viscometer. For 

tribological performance, all the samples are tested using 

four ball tribometer according to ASTM D4172 B. 

 

3. RESULTS AND DISCUSSION 

Table 1 shows physicochemical properties of all the 

sample. It can be seen that the addition of graphene has 

minimal effect on the physicochemical properties of all 

bio-based lubricant samples. The lack of change ma be 

due to the amount of graphene being insignificant. This 

coincide with the result obtained by Zin et al. [5] where 

the low concentration of nanoparticle does not affect the 

viscosity and viscosity is only affected at higher 

concentration. 

 

Table 1 Physicochemical properties of pure and mixed 

bio-based lubricant. 

Properties 
Viscosity 

at 40oC 

Viscosity 

Index 
Density 

NPG BASE 26.086 210.8 0.9084 

0.01 NPG 26.46 209.6 0.9083 

0.05 NPG 25.694 212.8 0.9084 

TMP BASE 48.447 188.9 0.9196 

0.01 TMP 48.397 189 0.9197 

0.05 TMP 48.493 189.3 0.9197 

PE BASE 63.407 186.1 0.9295 

0.01 PE 64.014 184 0.9298 

0.05 PE 62.843 186.7 0.9294 

 

 
Figure 1 Coefficient of friction of bio-based lubricant. 
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Figure 2 Chemical structure of bio-based lubricant. 

 

As can be seen in Figure 1, the addition of graphene 

may increase or decrease the frictional force. In the case 

of NPG ester, there is a sharp increase in COF by ~60% 

when 0.01wt% graphene is added followed by a 

moderate COF increase with increasing graphene 

concentration. For TMP esters, low graphene 

concentration also increases the COF however graphene 

is able to reduce the COF at 0.05wt% by 2%. Only PE 

ester benefits from graphene addition at all concentration 

with the lowest reduction at 0.05wt% by 10%. This is due 

to fact graphene form a protective on the contacting 

surface [6].  

The difference in chemical structure of bio-based 

lubricant sample lies in the ester functional group amount 

present in the ester as shown in Figure 2. From the 

frictional performance result, it can be seen that the NPG 

ester that has the lowest number of ester functional group 

(two) decrease its frictional performance with the 

addition of graphene. The opposite can be said with PE 

ester that have the highest number of ester functional 

group.  

 

 
Figure 3 Wear scar diameter of bio-based lubricant. 

 

As shown in Figure 3, the presence of graphene is 

able to reduce wear in most condition. With the exception 

of 0.01wt% NPG sample, all of the graphene contained 

sample improve the wear reducing performance of the 

based oil.  

 

 

 

 

 

 

 

 

 

 

 

 

4. CONCLUSION 

As a conclusion, there is no significant changes in 

the physicochemical properties of base oil after the 

addition of graphene. Furthermore, graphene was able to 

decrease the friction and wear of bio-based lubricant to 

some extent. However, graphene may not be suitable for 

some bio-based lubricant as can be seen in NPG ester.  
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