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ABSTRACT – This paper discusses the potential of 

palm methyl ester fluid in preventing excessive wear of 

self-mated stainless steel at boundary lubrication 

condition. The tests were conducted by using a ball on 

disk tribometer. The results show that the wear rate of 

stainless steel decreases with the sliding distance. This 

indicates that palm methyl ester has a potential to be used 

as a bio additive for lubricant. 

 

1. INTRODUCTION 

Lubricants have been used in controlling the friction 

and wear of all mechanical components in which 

additives have become one of compulsory ingredients in 

enhancing the anti-wear characteristic of a lubricant. 

However, certain kind of additive such as ZDDP has 

become less acceptable because of its undesirable effect 

to the environment. One of the mechanisms promoted by 

the additives is the formation of boundary film on the 

contact interface that has an ability to protect the material 

from severe friction and wear. The boundary layer may 

have the property similar to that of the diamond-like 

carbon coating [1]. The formation of this boundary layer 

has been found with or without the presence of additives 

[1]. 

Palm methyl ester (PME) is an alkyl ester converted 

from palm-based oil by transesterification process. 

Nowadays, PME is mainly use as biodiesel fuel, whether 

pure or as a mixture. It is mainly composed of 

triglycerides, glyceride, free fatty acids and non-

glyceride substances. PME is reported to have good anti 

wear properties on cast iron [2, 3]. A mixture of palm 

biodiesel in petroleum diesel can reduce wear up to 20% 

for the case of steel ball friction material [3]. Therefore, 

palm methyl ester has a potential to be used as a candidate 

for bio-additive in lubricants.   

This paper discusses the wear of self-mated 

stainless steel at boundary lubrication condition using 

palm methyl ester as the lubricant. The tests were 

conducted using a ball on disk tribometer. The wear 

progress of the ball during the test were analyzed.!

 

2. METHODOLOGY 

 A stainless steel ball of 8 mm in diameter slides 

against the stainless steel disk of 30 mm in diameter. Both 

the ball and the disk have roughness of Ra=0.03μm. A 

running-in process were conducted prior to the test. In the 

running-in process, a 5 N normal load was applied for a 

sliding distance of 50 m with a speed of 100 rpm. The 

running-in process was conducted to prevent a severe 

contact condition caused by point contact between the 8 

mm diameter ball and the disk. The contact interface of 

the ball after the running-in process was given in Figure 

1. 

Consecutive to the running-in process, a normal 

load of 12 N was applied with a sliding speed of 100 rpm. 

The oil temperature of was 20oC during the test. The ball 

was installed in a holding mechanism enabling the 

microscopic evaluation without removing the object from 

the holder. At certain sliding distance, the holder together 

with the ball was released from the friction test system so 

that the wear diameter of the ball can be measured. 

The tests were conducted for a sliding distance up 

to 1300 m. The worn scar of the ball after the test was 

given in Figure 2.  

 

  
Figure 1 Worn scar of the ball after running-in. 

 

 
Figure 2 Worn scar of the ball after 1300 m sliding 

distance. 

 

3. RESULTS AND DISCUSSION 

Figure 1 shows that the worn scar of the ball was 

about 160 mm in diameter after the running-in process. 

After 1300 m sliding, the worn scar diameter increased to 

about 260  mm (Figure 2). Thus, the wear rate of the ball 

up to 1300 m sliding distance is 4.8x10-11m3/N.m. Figure 

3 shows the wear scar area of the ball taken at certain 
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sliding distance. The initial area, at zero sliding distance, 

is about 2x10-8 m3 which is the condition after running-

in.  

Referring to the figure, the wear diameter of the ball 

progressed rapidly until the sliding distance of 200 m 

with a worn scar diameter of 4.6 x10-8 m3. However, the 

wear progress decreased exponentially after 200 m 

sliding distance. At 800 m sliding distance, the worn scar 

area is 6 x10-8 m3. It means, the worn scar area of the ball 

increased more than twice at the first 200 sliding distance 

but then slowed down and progressed only 20% for the 

next 600 m sliding distance. This wear progression slope 

is further decreases, as indicated by Figure 3. With this 

trend of increase, it can be assumed that the wear rate of 

the material will be smaller and smaller as the sliding 

continues. 

 

 
Figure 3 Wear progress of the ball. 

 

This result indicates that palm methyl ester have a 

significant role in wear protection of the material. This 

could be caused by a tribofilm formed on the contact 

interface preventing heavy wear. Previously it is reported 

that ester from bio oil is beneficial in preventing direct 

contact of the friction pair material [4], reducing the 

thermal energy during the sliding as well as enhancing 

the lubricity [5, 6].  

Due to this lubricity properties, it is hypothesized 

that methyl ester from palm oil could be used as a bio 

additive to enhance the performance of a lubricant. 

However, further study is required to clarify this matter. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. SUMMARY 

A ball on disk tribometer has been employed to 

investigate the lubrication performance of the palm 

methyl ester on wear of stainless steel under boundary 

lubrication condition. The results can be summarized as 

follows: 

a) The wear rate of the stainless steel under the test 

condition can be divided into two conditions; 

high wear rate at the first 200 m sliding distance 

and low wear rate after 200 m sliding distance,  

b) The wear rate of the stainless steel under the 

investigated condition is 4.8x10-11m3/N.m. 

c) It seems that the low wear rate is caused by a 

protective layer of which the formation was 

assisted by the palm methyl ester fluid. 

d) The palm methyl ester is potential to be used as 

a bio additive for lubricant.  
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