
Proceedings of Asia International Conference on Tribology 2018, pp. 420-421, September 2018 

 

__________ 

© Malaysian Tribology Society 

 

Effect of load and temperature on wear properties of bio-lubricant from 
Musa Aluminata Balbisiana peel waste 

Nor Azmmi Bin Masripan1,2,*, Husna A. Hamid1, Mohd Fadzli Bin Abdollah1,2 

 
1) Fakulti Kejuruteraan Mekanikal, Universiti Teknikal Malaysia Melaka, 

Hang Tuah Jaya, 76100 Durian Tunggal, Melaka, Malaysia. 
2) Centre for Advanced Research on Energy, Universiti Teknikal Malaysia Melaka, 

Hang Tuah Jaya, 76100 Durian Tunggal, Melaka, Malaysia. 

 
*Corresponding e-mail: norazmmi@utem.edu.my 

 

Keywords: Load; temperature; wear; bio-lubricant 

 

 

ABSTRACT – The aimed of this study is to investigate 

the effects of applied loads and temperatures on the 

tribological properties of MBS oil, which is a bio-

lubricant extracted from banana peel waste of Musa 

Aluminata Balbisiana, MBS.  Tribological evaluation of 

MBS oil was conducted using pin on disc tribometer as 

per ASTM G 99  standard.  In this method, hemisphere 

pin was loaded against the rotating disc containing  the 

MBS oil . In this study, 2 ml of MBS oil was dropped as 

a lubricating oil on sliding surface at varying loads from 

20 -100 N at 27 °C, 40 °C and 100 °C.  The results 

showed that, at 80 N, wear scar diameter (WSD) values 

was lower at all the tested parameters.     

 

1. INTRODUCTION 

The depletion of the world’s crude oil reserve, 

increasing crude oil prices, and issues related to 

conservation have brought about renewed interest in the 

use of bio-based lubricants [1]. Furthermore, crude oil is 

not renewable, biodegradable, and environmentally 

friendly [2].   To solve these problems, bio-lubricants 

should be produced from vegetable oil, which is 

renewable, biodegradable, and cheap and has no adverse 

effects on the environment [3-4].  

Banana skin has been often referred as slipping 

toolsby the literature [5-7]. Previous study had showed 

that coefficient of frictions under epicarp of banana 

skin; on the floor material is much lower to the value of 

common materials and similar to the well-lubricated 

surface. Lubricating effect of banana skin is contributed 

by the existence of follicular gel, which is sized about a 

few micrometers.  Another study found that, 

percentages of extraction yields of bio oil from the peel 

waste of banana species were influenced by the 

existence of follicular gel.  The follicular gel was 

analyses using scanning electron microscopes and they 

concluded that, the polysaccharide follicular gel is a 

major key element in formation of oil [8].  Moreover, 

Rosenthal et al. [7] and Foidl & Eder [9], discussed that 

for plant materials, the oil constituents are trapped in the 

meshwork of proteins and cellulose/ hemicellulose or 

also known as polysaccharides which formed a bunch of 

follicular gel that related to polysaccharide follicular. 

Hamid et al. [7] investigated the effects of banana peel 

of Cavendish species as a natural additive in paraffin 

oil. The tribological properties of the specimens were 

evaluated using four-ball tester. The coefficient of 

friction, COF and wear significantly reduced at high 

load, temperature and speed. At 100 ºC, the load of 500 

and 1000 N, the COF value reduces from 0.1163 to 

0.1012 and 0.1235 to 0.1174 respectively. At the same 

condition, wear scar diameter was found to decrease 

from 4.81 x 10-4 mm3 to 2.33 x 10-4 mm3 and             

4.99 x 10-4 mm3 to 2.75 x 10-4 mm3 at 500 and 1000 rpm 

respectively [5]. 

However, research work on the study of 

tribological behavior of bio-lubricant extracted from 

banana peel wastes has not been reported in the 

literature. Hence, the objective of this paper is to study 

the wear properties of bio-lubricant extracted from the 

peel wastes of Musa Aluminata Balbisiana, MBS as an 

alternative biolubricant using pin-on-disc tribometer. 

 

2. METHODOLOGY 

In the present investigation, pin on disc had been 

used to study both wear and coefficient of friction as 

shown in Figure 1. A pin was held firmly against a 

rotating disc connected to a certain dead weight with a 

beam and two pulleys. MBS oil was placed on the disc 

surface. The wear track was adjusted by loosening the 

sliding plate at 40 mm and fixed during the experiment 

conducted. During the experiments, new pins were used 

for each run and were cleaned with acetone to remove 

the impurities. 

 

 
Figure 1 Pin on disc experimental arrangement. 

 

Table 1 Operating condition for tribological properties 

of MBS oil. 

Test Parameter Value 

Loads (N) 20, 40, 60, 80, 100 

Temperatures (°C) 27, 40, 100 

Sliding speed (RPM) 50 

Sliding distances (m) 314 

Sliding Times (minutes) 50  
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The tribological testing was performed according 

to the ASTM G99-05 standard (ASTM, 2011) under wet 

sliding conditions at different temperatures and applied 

load as shown in Table 1. 

 

3. RESULTS AND DISCUSSION 

Wear is the progressive loss material due to 

interacting surfaces in relative motion. Friction and 

wear are related both are phenomenon of a solid contact 

between moving mating components.  Figure 2 shows 

WSD (μm) at different loads and temperatures.  It was 

observed that, for all the operating temperatures, there 

were shown a similar pattern of curves plotted.  The 

wear dominated by the pin is increasing from 20 N to 40 

N.  However, the decreasing pattern of WSD was started 

to observe from 20 N to 80 N and surprisingly it shown 

an increasing trend afterwards.  The lowest WSD was 

recorded at the 80 N with the values of 501.143 μm, 

250.912 μm and 331.103 μm respectively meanwhile, 

the highest was observed at the load of 100 N with the 

values of 1530 μm, 915.926 μm and 1166 μm 

respectively for all the tested temperatures. The lowest 

WSD at the 80 N for all the tested temperatures was 

influenced by the formation of preventive layer of tribo-

chemical film. 

 

 
Figure 2 WSD (μm) at different load. 

 

4. CONCLUSION 

The investigation on tribological properties of 

MBS oil was successfully performed using pin on disc 

tribometer.  Qualitative and quantitative analysis were 

performed, and it revealed that, at the load of 80 N, the 

COF value, WSD, Ws and volume wear loss are much 

lower due the formation of tribo-chemical film.  The 

finding from this study might contribute to the 

sustainable development of the bio lubricants fields.  In 

addition, this study shows that, MBS oil, which 

extracted from the waste of banana peels, has a 

promising future to replace a mineral oil-based 

lubricant. 
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