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ABSTRACT – Vegetable based oils are showing great 

potential and are highly attractive candidate to replace 

the conventional mineral oils for the use in lubricant 

production because they are structurally similar to the 

long chained hydrocarbons in mineral oils with 

characteristics of being renewable, non-toxic, economic 

and environmental friendly. There is an interest in using 

palm oils as lubricants, basically due to its inherent 

good biodegradability. Due to high demand towards 

sustainability, it is important to make an effort for bio-

lubricant to be competitive at the same shelf as the 

mineral oil in the lubricant market. In this study, friction 

coefficient property of the palm oil bio-lubricant with 

nanoclay surface modified as additives were 

investigated on journal bearing test rig. Palm oil bio-

lubricant with nanoclay as additive at weight ratios of 

0.02 to 0.08% were mixed using an ultrasonic mixer. As 

a result, this will optimize the usage of palm oil with 

nanoclay as additives in lubricant. 

 

1. INTRODUCTION 

Nowadays, environmental issues are of great 

importance. Current lubricants are formulated from 

mineral oil and frequently different types of additives 

are used that are not environmentally friendly [1], and 

their production process produces some 

environmentally hazardous chemical components. 

Therefore, the scientific world is now looking for 

alternative lubricants that are more environmentally 

friendly. Some of bio-lubricants have attracted attention 

due to their good friction and wear characteristics. On 

the other side, eco-tribology deals with energy 

consumption minimization as well as environmental 

effects of the specific lubricant that will be used to 

minimize energy consumption [2]. 

There has been an enormous amount of research 

conducted on using vegetable oil as a lubricant [3-5]. 

Vegetable oil has a positive impact in use as a lubricant 

and has high viscosity index, a high flashpoint, high 

biodegradability, and a reduced friction coefficient. 

In addition, the fluctuations and uncertainty in the 

crude oil market, increasing crude oil prices, and issues 

related to environment make bio-based lubricants more 

valuable. However, vegetable oil has some drawbacks, 

such as low oxidation stability, low thermal stability, 

and a comparatively high wear rate. Bowden and Tabor 

[6] stated that the wear rate is high due to chemical 

attack on the surface by the fatty acids present in bio-

based lubricants. Biodegradability is the main concern 

in eco-tribology, because 40% of the lubricant can be 

lost to the environment [7]. Previous studies have found 

that nanoclay offer many improved properties in tensile 

modulus and strength, thermal properties and heat 

distortion temperature, resistance to flammability, and 

reduced permeability to liquids or gases [8]. 

In this work, nanoclay has been used as the 

additives in palm oil bio-lubricant. The palm oil bio-

lubricant with suitable composition of nanoclay was 

tested to observe their performance towards the friction 

coefficient in journal bearing test rig. 

 

2. METHODOLOGY 

In current study, palm cooking oil from the shelf 

was mixed with nanoclay additive at weight ratio of 

0.02 to 0.08% by using ultrasonic mixer. Nanoclay 

surface modified contains 0.5-5 wt% Amino Propyl 

Triethoxy Silane 15-35 wt% maker by Aldrich was used 

as additive.  

The Journal Bearing test rig in Figure 1(a) was 

used in this experiment. The loading arm is mounted to 

the bearing. The frictional force sensor is mounted on 

the spindle housing as shown in Figure 1(b). When the 

loading arm presses the loading pin, the force sensor 

will record the friction values. A pneumatic bellow is 

used to apply the required load. The maximum speed of 

the journal test rig is 1000 rpm. The speed values used 

for testing were 300, 400 and 500 rpm. 

The tests were conducted at load 10kN. Oil 

pressure supply remained in the range of 150 to 200kPa. 

Details of test bearing dimensions, lubricant properties 

and operating parameters are given in Table 1. 

 

Table 1 Bearing parameters and sensor specifications. 

Parameter               Values 

Journal bearing, D 

Bearing length, L 

Radial clearance, c 

Load, W 

Journal speed 

Load sensor 

Model 

Range 

Type 

Accuracy 

100 mm 

50 mm 

52 µm 

10 kN 

300 and 500 rpm 

 

Sensortronic 

30 kg 

Beam 

0.01± 1% Nm  
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(a) 

 
(b) 

Figure 1 (a) Journal bearing test rig diagram and (b) 

friction force sensor. 

 

3. RESULTS AND DISCUSSION 

Figure 2 shows the comparison coefficient of 

friction for different concentration of palm oil with 

Nano-clay additives. It shows that, the optimum 

concentration of lubricant is palm oil with 0.07%wt of 

Nano-clay additives.  

 

 
Figure 2 Coefficient of friction for different 

concentration of palm oil with Nano-clay additives. 

 

Figure 3 shows the coefficient of friction for 

different types of lubricant in journal bearing. Three 

types lubrication that been tested namely mineral oil, 

pure palm oil and palm oil with 0.07%wt of Nano-clay 

additive. From the graph plotted, it’s proved that palm 

oil lubrication with 0.07%wt Nano-clay additives has 

the lowest value coefficient of friction among the three 

lubricants used.  

 

Figure 3 Coefficient of friction for different type of 

lubricant in journal bearing. 

 

4. CONCLUSIONS 

(a) Palm oil with 0.07%wt Nanoclay is the 

optimum concentrations based on coefficient of 

friction obtain by four ball tester. 

(b) Palm oil with 0.07% Nanoclay additive provide 

lowest coefficient in journal bearing. By that, 

adding additives in palm oil had significant 

effects to the friction coefficient. 
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