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ABSTRACT 
Bio lubricants are bio-based compounds which offer renewable and biodegradable replacement for 
petroleum derived lubricants because of the latter’s toxicity to environmental balance. They are 
derivative from plant and animal, agricultural wastes, edible and non-edible sources such as nuts etc. 
Lubricants are very essential in sustaining the techno-economic life of equipment and machines. Its 
potency for reducing friction and wear is regarded as agelong. Apart from vibration due to 
misalignment of machine components, a major cause of wear and vanish in machine operations is 
inadequate or lack of lubrication. Although bio lubricants application appears promising, their 
commercial deployment is quite limited in relation to the mineral oils. However, research in this field 
is continuously rising to improve their properties with the aim of overcoming the current limitations 
of poor oxidation stability, low temperature flow challenges, volatility at high temperature, low flash 
point, low viscosity index etc. and enhancing large scale production. This paper examines the anti-
oxidating effect of tert-butylhydroquinone TBHQ in palm oil lubricants. The result showed oxidation 
onset temperature OOT was shifted from 180℃ to 220℃ due to inclusion of 0.3wt% of TBHQ 
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INTRODUCTION 

Surface degradation is regarded as one of the major causes of machine failure next to obsoletion due 
to aging unethical handling (Zhu et al., 2019). Surface degradation include mechanical wear during 
operation, corrosion due to harsh environmental influence(Ahmed et al., 2020). Figure 1 showed the 
tribological effect of lubrication on the materials surfaces. The surface degradation of the unlubricated 
material as seen under an optical microscope had a wider wear scar and much coefficient of friction 
COF in comparison with the lubricated surface (Aiman et al., 2022). This underscores the enormous 
contribution of lubricant to machine efficiency and maintenance. Over the years, various lubricants 
have been applied to mitigate the consequences of equipment degradation towards a longer lifespan. 
Improper selection or formulation of lubricants have been demonstrated to cause vibration, noise and 
misalignment resulting in great losses and wastes(Ali et al., 2022; Li et al., 2022; Wang et al., 2022). 
Research on bio lubricants have grown rapidly in the recent two decades as well. Even though 
remarkable progress has been made, studies on fortifying the properties of potential vegetable oils 
candidates with additives are still increasingly evolving. 

Although, conventional mineral base stock lubricants have been well developed and used in 
different services, they are seriously confronted with environmental challenges (Padgurskas et al., 
2013)(Singh et al., 2020). Due to their toxicity, poor biodegradability and disposal challenges, these 
mineral-based lubricants formulations, which account for the largest volume of application for 
conventional lubricants are environmentally precarious. For instance, due to engine exhaust emissions 
and evaporation that take place while using conventional lubricants, they contribute to environmental 
contamination (Wen et al., 2019). At the end of the machine operation, safe disposal of spent lubricants 
becomes a challenge due to slow degradability and are noxious to human health, fauna, and flora (Gul 
et al., 2021). Against this backdrop, formulation of eco-friendly lubricant with good lubricity to solve 
the issue of high friction and wear becomes important.   
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Figure 1. lubricant is a veritable tool to reducing surface degradation 

 
Even though majority of bio-based oils had various traits, several of them demonstrate comparable 

behaviour. On the positive side, they typically have high levels of lubricity, viscosity index, and flash 
point; on the minus side, they were prone to oxidation and had poor low-temperature properties., 
numerous research has been carried out to address these drawbacks, and most of the outcomes were 
found to be encouraging (Farfan-Cabrera et al., 2020). Strategies that can be used to enhance their 
qualities, including changing the molecules' structures, adding advantageous additives, combining 
with nano-based compounds, and more (Kurre & Yadav, 2023; Yahayaa et al., 2019). These inventions 
were all made in accordance with the requirements of the applications. In this study, PO based 
lubricants limited oxidative stability will be examined for improved sliding operations by adding Tert-
butylhydroquinone TBHQ for oxidation stability improvement. Poor oxidation stability is a limitation 
for most potential bio lubricants vegetable oil candidates 

 
MATERIAL AND METHODOLOGY 

PO was mixed with 0.3wt% of TBHQ using desktop homogenizer ASTM D6185 and agitated at the 
speed of 15000rpm for 30 minutes. Differential scanning calorimetry DSC ASTM D3418 was also used 
to conduct the oxidation test while linear tribometer was used for tribological tests. The effect of TBHQ 
on the oxidation onset temperature OOT of PO was determined using differential scanning calorimetry 
(DSC) measurements of base lubricant and with inclusion of anti-oxidant TBHQ. (Darminesh et al., 
2017) It was performed with a Q-100 TA instrument, using 5mg samples sealed in hermetic aluminum 
pans. Cooling and heating rates of 10 oC/min were applied to all samples, flow rate of 50mL/min.which 
is an optimum rate that has advantage of being fast with greater data repeatability according to 
previous presentation (Zulhanafi & Syahrullail, 2019). The temperature window selected ranged from 
25 up to 350 oC. The oxidation stability was judged based on the temperature at which degradation sets 
in (OOT).The dropping value of pressure in the pressure vessels indicates that an amount of oxygen 
has been absorbed into the oil. This is a starting point where the oil starts to oxidate. Linear tribometer 
was used to examine the tribological behaviour with an aluminuim plate and steel ball tribopair using 
PO as lubricant. 
 
RESULT AND DISCUSSION 

The mixing with TBHQ was miscible with PO without residues. This indicated homogeneity with 
the anti-oxidant. Figure 2 showed that the OOT of palm oil was enhanced by the inclusion of TBHQ in 
PO sample. Thus, the OOT increased from 180 oC to 220 oC. This observation is in concurrence with 
opinion that TBHQ can improve oxidation resistance for palm oil (Hassan et al., 2016) (Sapawe et al., 
2016). Similarly Figure 3 shows the COF values against different loads and temperature of the lubricant. 
The COF values show a range of values with correlation to the properties of the tribo-pair used. 
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Figure 2. DSC oxidation test of PO with TBHQ antioxidant 

 
 

 
Figure 3. Tribological tests of PO with anti-oxidant 

 
 
CONCLUSION 
Further research on vegetable oils points to a sustainable direction in the field of tribology. Therefore, 
more additives and modifications to improve their performance for future applications are important 
due to non-renewability of the conventional mineral lubricants which may soon go into depletion. 
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