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 Palm oil has big potential to be developed as an alternative resource to the 

existing mineral oil based lubricant. It has good adaptability to the 

environment as it has low toxicity and highly degradable. However, due to 

the existence of double bond on its fatty acid molecular structures, it prone 

to oxidation process and caused them less effective when exposed to high 

temperature application. This article outlines the development of palm oil 

and the effort carried out to improve the capabilities and performances to be 

used as lubricant oil. The performance of bio-based lubricant in journal 

bearing application were also discovered and reviewed. 

 
1. Introduction 

Palm oil is classified under edible oil group 

which is usually used as cooking oil or added to 

the food for dressing purposes. Edible oil can 

also divide into another three main groups 

which is saturated oil, mono-saturated oil and 

poly-saturated oil. These oils are differentiated 

in terms of their molecule structures and having 

different physical and chemical characteristics. 

Palm oil is originated from mesocarp which is 

extracted from their shell and kernel. This 

mesocarp or also known as crude palm oil 

(CPO) was then undergoes some chemical 

process treatment including degumming, 

bleaching and deodorizing. The treatment is 

required to remove all unwanted particles, color 

pigments and the odour of the oils. Palm oil 

structures consists two main elements which is 

glycerol and fatty acids. Normally glycerol is 

presented in one formation while fatty acid can 

be formed in various lengths. Glycerol 

molecule structure has three alcoholic groups 

which provide interactions to the fatty acid 

resulted various fatty acid chain including 

mono-glycerides, di-glycerides and tri-

glycerides as illustrated in Figure 1. 

 

2. Palm Oil Based Lubricant 

The possibilities of using palm oil as 

lubricant in engineering applications have been 

widely study all over the world. Most of studies 

were concerned on the performance of palm oil 

towards tribological characteristics including 

friction coefficient, wear behavior, thermal 

resistivity and the physical worn appearances. 

Palm oil has long fatty acid chain that has 

capability to provide strong intermolecular 

interaction to the metal surfaces. The fatty acid 

chain has good affinity and uniformly attached 

to the metal surfaces thus provide less friction 

during sliding motion. Besides, palm oil also 

has some weaknesses. It prone to oxidation due 

to the double bond on its 9th and 10th carbon 

chain that is very unstable. Adding some 

organic anti-oxidant might help to some extent 

[1]. When comparing to others vegetable oil 

like coconut oil, it shows slightly higher friction 

over the time but exhibited higher flash point 

and more efficient in terms of total fuel 

consumption [2]. Some of palm oil based 

lubricant have high slip melting point, meaning 

that, it has high viscosity at low temperature. 

This will definitely affect the fluidity and pour 

point of the lubricant itself. However, it can be 

improved by trans-esterification process and 

able to maintain the palm oil in liquid phase at 

temperature of 0 °C [3]. Other than that, the 

performance of palm oil based lubricant can 

also be improved by blending palm oil with 

others edible oil such as soya bean oil, coconut 
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oil and many more. The combinations of this 

blending oil with certain ratios were able to 

increase the viscosity properties, oxidative 

stability, reduce friction and corrosion effect to 

the metal surfaces [4-6]. Palm oil based 

lubricant was also being used as an additive to 

the mineral oil based lubricant. The long fatty 

acid chain in palm oil is acting like friction 

modifiers that capable to reduce friction and 

wear [7], lower crankshaft temperature [8], 

improve machining efficiency [9] and reduce 

the emission level [10]. 

 

(a) 

 

(b) 

(c) 

 
 

Figure 1: Palm oil carbon chain (a) glycerol (b) 

fatty acid (c) tri-glycerides 

 

3. Bio-Based Lubricant in Journal Bearing 

Journal bearing consisted simplest 

mechanism on its operation. It provided high 

load carrying capacity as the rotational speed of 

the journal will create sufficient lubricant 

pressure to counter the radial load and minimize 

surface contact. There are lot of factors 

contributing to the journal bearing performance 

including the viscosity behavior of the 

lubricant, geometry design as well as the 

operating parameters itself. For example, the 

grooved line on the shaft surfaces provided less 

abrasive impact and reduced surface 

deterioration compared to smooth surface as 

seen in Figure 2 [9]. The changes in viscosity 

due to temperature variations was also affected 

the friction behavior in the journal bearing as 

presented in Figure 3 [11]. 

The experimental study on the bio-based 

lubricant in journal bearing was very limited. 

Bio based lubricant was significantly able to 

reduce the friction coefficient in two mating 

surfaces. It was also demonstrated good thermal 

resistivity, high flash point, low volatility, 

intoxicate and high level of degradability [12]. 

Most of the conducted researches are using 

rapeseed oil as lubricant oil because it was 

easily modified and has good combination with 

others compound. Rapeseed oil synthetic ester 

oil provided low wear value and frictional 

torque especially at mixed lubrication regime 

[13]. The molecule structures of rapeseed oil 

can be also modified chemically to improve its 

capability. When nanoparticles is added to this 

modified rapeseed oil, this combination 

provided low friction coefficient and 

demonstrated higher maximum pressure 

compared to mineral based oil SAE 40 [14]. 

The modified rapeseed oil was further 

compared with soya bean oil. It was found that 

there is no significant different in terms of 

pressure distribution along the bearing 

circumferences, however soya bean oil 

exhibited very thin oil film thickness and not 

recommended  to be used in journal bearing 

[15]. Others study were investigating the 

inedible oil like jatropha oil, neem oil and neem 

oil in journal bearing operation. It was found 

that, castor oil generated high power losses and 

high frictional torque due to its high viscosity at 

low temperature. The viscosity was also quickly 

responded to the increase in length to diameter 

ratio [16]. Unlike jatroha oil, it was able to 

increase the maximum pressure as well as 

improve the load carrying capacity when 

compared to synthetic based lubricant Turbinol 

XT46 [17]. 

 

 
 

Figure 2: Groove line on the shaft surface [18]. 

 

 
 

Figure 3: Viscosity effect on the friction 

behavior at bearing circumference [11]. 
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4. Future Challenge 

The main challenge is to improve the 

capability of bio-based lubricant to be widely 

used in journal bearing application. More study 

is needed to overcome the weaknesses of bio-

based lubricant especially when dealing with 

oxidation reaction and low temperature 

behaviors. These are the two main issues that 

always hindered them to be used in most of 

engineering applications. Extensive study 

might consider the physical and chemical 

modification of molecular structures of bio-

based oil to enhance their performances.   

 

5. Conclusion 

The main concerns of bio-based lubricant 

to be applied in journal bearing application are 

the capability to withstand thermo-viscosity 

behaviors. The nature of operation of journal 

bearing is demanding high flexibility of thermo-

viscosity characteristics as the dynamic motion 

is expected to take place during the operation. 

These should be the direction for the 

researchers in order to uplifting the potential of 

bio-based lubricant to be the best alternatives 

for lubricant oil in future.  
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