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 Bio-based lubricant have been used and commercialized as an engine 
oil. However, extreme pressure and anti-wear performance of these bio-
based lubricant is undesirable without proper additive package. 
Graphene can be used as an additive to reduce friction and wear while 
increasing extreme pressure performance. This paper propose the usage 
of graphene additive in bio-based engine oil. Some key factor that need 
to be accounted before commercialization will be discussed.  

 
1. Bio-based lubricant as engine oil 

Engine oil, especially automotive lubricant, 
have the largest demand in the global lubricant 
market. Typically, mineral-based lubricant is 
widely used in internal combustion engine. 
However, the effects of using these mineral 
based lubricant cannot be overlook as they are 
toxic and non-renewable [1]. With growing 
environmental awareness, various efforts have 
been made to find a suitable alternative for 
petroleum-based oil. 

Vegetable-based lubricant is an excellent 
candidate to replace mineral based oil as an 
engine oil. The main specialties of bio-based 
lubricant are its broad availability and 
renewable sources, making it easy to be found 
worldwide. 

Previous studies have investigated on the 
prospect of using these oil in an engine. Igartua 
et al. [2] reported that bio-based lubricant 
formulated for automotive application not only 
comply with the environmental standard, it is 
also lowers fuel consumption compared to 
conventional motor oil. In another study by 
Bongfa et al. [3], it was found that unmodified 
castor oil have a better frictional performance 
though worse in term of wear. The anti-wear 
and extreme pressure of these bio-based 
lubricant is questionable when compared 
mineral-based oil with anti-wear additive. 
However, with proper additive package, this 
problem can be overcome.  

 
 

2. Graphene as engine oil additive 

Graphene is a two-dimensional carbon 
allotrope which has a honeycomb-like structure. 
It is the basic building block to other carbon 
allotrope such as graphite, carbon nanotubes 
and fullerene. The most interesting part of 
graphene is its properties. Among its properties 
are a strength that is 200 time stronger than 
steel, heat and electrical conductivity and is 
nearly transparent.  

With the advent of nanotribology, the usage 
of nanoparticle as additive in lubricating is 
steadily emerging in the 21st century. Nano 
sized graphene have been used as research 
material to verify its possibility as a lubricant 
additive. Being two-dimensional, graphene 
shears easily and can form a protective layer on 
the contacting surfaces hence reducing friction 
and wear.  

Numerous effort have been done to take 
advantage of graphene unique properties and 
applying it to an engine as an additive. 
Eswaraiah et al. [4] found that addition of 
graphene will cause an improvement in 
frictional characteristic, anti-wear and extreme 
pressure performance of an engine oil. A study 
by Ramón-Raygoza [5] found that further 
improvement on tribological properties and a 
more stable dispersion can be achieved by 
impregnating graphene with other nanoparticle.  
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3. Development of graphene as bio-based 
lubricant additive 

Putting two and two together, it is not 
illogical to propose the usage of graphene-based 
additive in bio-based lubricating oil. Given the 
weakness of bio-based lubricant in extreme 
pressure and wear, graphene can compensate its 
weakness with its high mechanical properties. 

To date, there is little to no information on 
using graphene additive in a bio-based 
lubricant. A preliminary study by Azman et al. 
[6] shows that graphene can be added in a 
TMP/PAO mixture to increase its frictional 
performance at room and elevated temperature. 
Further study regarding this topic was carried 
over on another article [7] where the samples 
are fully analysed. It was found that graphene is 
able to reduce the COF and WSD of the 
TMP/PAO mixture at optimum concentration 
as shown in Figure 1.  
 

 
Figure 1: Coefficient of friction and wear scar 
diameter of bio-based lubricant with graphene 
[7].  
 
4. Barrier of graphene as bio-based 

lubricant additive 

To further analyse the feasibility of 
graphene additive in bio-based lubricant, 
several key parameter must be studied. The 
dispersion stability of graphene in bio-based 
engine oil must be considered before 
commercialization of this lubricant. The 
inertness of graphene disallows its interaction 
with base oil making the dispersion unstable. 
Azman et al. [7] reported that the sedimentation 
of graphene occurs in less than a week after its 
dispersion.  
The effects of using graphene-contained bio-
based lubricant in a long period of time must be 
known. Schriver et al. [8] reported the use of 
graphene in the long term may worsen the 
oxidative and corrosive wear of the surface. 
However, the report only focuses on the effect 
graphene coating but it will be wise to take a 
precautionary step in making this graphene 
additive in bio-based engine oil.  
 

5. Conclusions 
The use of bio-based lubricant as an engine 

oil have been widely known and 
commercialized. However, without proper 
additive package, the extreme pressure and anti-
wear performance bio-based lubricant is 
inadequate. With the addition graphene, the 
frictional, anti-wear and extreme pressure 
performance can be improved. This paper 
presented the feasibility of using graphene in 
bio-based engine oil as an additive and key 
factors that needs to be considered before its 
commercialization.  
 
 
Reference 

[1] Syahir, A. Z., Zulkifli, N. W. M., Masjuki, 
H. H., Kalam, M. A., Alabdulkarem, A., 
Gulzar, M., ... & Harith, M. H. (2017). A 
review on bio-based lubricants and their 
applications. Journal of Cleaner 
Production, 168, 997-1016. 

[2] Igartua, A., Fernández, X., 
Areitioaurtena, O., Luther, R., Seyfert, C., 
Rausch, J., ... & Plouseau, S. (2009). 
Biolubricants and triboreactive materials 
for automotive applications. Tribology 
International, 42(4), 561-568. 

[3] Bongfa, B., Peter, A. A., Barnabas, A., & 
Adeotic, M. O. (2015). Comparison of 
lubricant properties of castor oil and 
commercial engine oil. Jurnal Tribologi, 
5(1), 1-11. 

[4] Eswaraiah, V., Sankaranarayanan, V., & 
Ramaprabhu, S. (2011). Graphene-based 
engine oil nanofluids for tribological 
applications. ACS applied materials & 
interfaces, 3(11), 4221-4227. 

[5] Ramon-Raygoza, E. D., Rivera-Solorio, 
C. I., Gimenez-Torres, E., Maldonado-
Cortes, D., Cardenas-Aleman, E., & Cue-
Sampedro, R. (2016). Development of 
nanolubricant based on impregnated 
multilayer graphene for automotive 
applications: Analysis of tribological 
properties. Powder Technology, 302, 
363-371. 

[6] Azman, S. S. N., Zulkifli, N. W. M., & 
Masjuki, H. H. (2015, November). 
Graphene nanoplatelets in bio-based 
lubricant. In Proceedings of Malaysian 
International Tribology Conference 2015 
(Vol. 2015, pp. 205-206). Malaysian 
Tribology Society. 

[7] Azman, S. S. N., Zulkifli, N. W. M., 
Masjuki, H., Gulzar, M., & Zahid, R. 
(2016). Study of tribological properties of 
lubricating oil blend added with graphene 
nanoplatelets. Journal of Materials 
Research, 31(13), 1932-1938. 



Mytribos Symposium 2 (2017) pp.1-2 

 13 

[8] Schriver, M., Regan, W., Gannett, W. J., 
Zaniewski, A. M., Crommie, M. F., & 
Zettl, A. (2013). Graphene as a long-term 
metal oxidation barrier: worse than 
nothing. ACS nano, 7(7), 5763-5768. 

 
 
 
 
 
 
 
 
 
 
 


