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ABSTRACT – The study is conducted to obtain the 

friction and wear characteristics by using four-ball tester 

set-up. The natural oil-based lubricants involved in this 

study are refined glycerin, and oleic methyl ester with 

0.01wt% of hBN as additive. Based on the result for 

wear property, the effect of 0.01wt% hBN as additive 

outstanding for both oleic methyl ester (OME) and 

refined glycerin (RG). In term of the effect of hBN on 

coefficient of friction (COF), the reduction of COF only 

occurred for refine glycerin (RG). 

 

1. INTRODUCTION 

Nano lubricants are seen as the next generation of 

lubricant additive. One of the most popular additive on 

the nano scale is hexagonal boron nitride (hBN). Due to 

their roller-like shape, polishing property, extremely 

small particle size and unique mechanical properties 

they present several major advantages over organic 

molecules that are currently used as lubricant additives 

[1]. Their nanometer size allows them to enter the 

contact area between rubbing surfaces and act as roller 

between surfaces and reducing the wear and friction on 

the contacting surface. hBN can immediately efficient, 

even at ambient temperatures. Therefore, no induction 

period is necessary to obtain an obvious improvement in 

tribological properties. 

 

2. METHODOLOGY  

Friction and wear test were carried out by using 

four-ball tester apparatus. This machine works by using 

four balls, three balls at the bottom and one ball at the 

top. The three-bottom balls are held firmly in a ball pot 

including the lubricant being examined and pressed 

against the top ball. The top ball is designed to rotate at 

the desired speed while the bottom three balls are 

pushed against it. The surfaces of the components were 

cleaned with acetone before conducting each test. From 

this work, friction and wear evaluation was performed 

at 40 kg loading with the speed of 1200 rpm for 60 

minutes at lubricant temperature of 75°C. 

While the coefficient of friction evaluation needs 

to perform pre-conditioning for ball at 40kg loading 

with the speed of 600rpm for 60 minutes at temperature 

of paraffin oil as wear in solution at 75°C. Then the 

evaluation is carried out at 10kg loading at lubricant 

temperature 75°C with the speed of 600rpm for 10 

minutes interval. Addition of 10 kg every 10 minutes 

until seisure.  

The test was divided into two parts. First part of 

the tests was conducted without mixing the lubricants 

with the additive and the second part of the tests was 

conducted by adding the 0.01wt% amount of hBN 

which are diameter of 30 nm. The mixing process was 

carried out by using a sonic homogenizer. Both tests 

were conducted based on ASTM D-4172 B and ASTM 

D5183 − 05 standard [4]. 

The natural lubricants use for the tests are refined 

glycerin (RG) and oleic methyl ester (OME) oil. Table 1 

shows some of property of RG and OME used in this 

test. 

 

Table 1 Properties of bio-based lubricant. 

Sample 
Refined 

Glycerin 

Oleic 

Methyl 

Ester 

Flash point, oC 192 173 

Viscosity at 

75oC, cPs 
412.92 36.98 

 

3. RESULTS AND DISCUSSION 

3.1  Wear scar diameter 

Table 2 shows the wear scar diameter that obtain 

from the wear test. The diameter of wear scar is 

measured by using circle method in High power 

microscope that connected to a computer. This method 

is conducted by locating an adjustable circular diameter 

measurer where the wear scar on the bearing ball best 

fitted in the area of the circle. Based on the overall 

result as shown in Table 2, the effect of hBN as additive 

is outstanding for both RG and OME as the wear scar 

diameter is reduce up to 99%.  

The reduction in wear scar diameter are 

contributed by the size of the additive which is in nano 

scale allow the improvement as the smaller the additive 

particle can improve the tribological properties [5]. The 

ability to reduce wear at the ball may be the hBN 

special characteristic which is ‘ball bearing’ effect and 

‘polishing’ effect [1]. 
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Table 2 Wear scar test result.

Lubricant 

1st 

ball 

(mm) 

2nd 

ball 

(mm) 

3rd 

ball 

(mm) 

Average 

(mm) 

Mineral oil 

(ASTM) 
- - - 0.72 

Refined 

glycerin 
0.479 0.482 0.500 0.487 

Oleic methyl 

ether  
0.623 0.610 0.649 0.627 

Refined 

glycerin + 

0.01% hbn 

0.005 0.005 0.006 0.005 

OME + 0.01% 

hBN 
0.007 0.007 0.007 0.007 

 

3.2  Coefficient of friction 

The results for coefficient of friction (COF) test 

against loads using the four-ball tester are shown in 

Figure 1. Referring to Figure 1, it is shown that there is 

a rapid increment of COF at the beginning of the test for 

RG and rapid decrement for OME. This trend continues 

until reach 40 kg load and the COF start to stabilize, 

The result for coefficient for friction of lubricant 

with and without additive are shown in Figure 1, shows 

the reduction of COF only occurred for RG sample. 

However, hBN is giving opposite effect for OME as the 

COF from the mixing is larger than the sample without 

the additive. This may be cause by hBN additive to 

OME change the anti-wear property with the expense of 

anti-friction property [2]. 

 

 
Figure 1 Coefficient of friction against time. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. CONCLUSION

Based on the experimental results, the present of 

additive of hBN 0.01wt% in both OME and RG the 

anti-wear property is improve as the wear scar diameter 

is reduced by 99%. hBN 0.01wt% has reduced the COF 

value for RG mixture but increase the COF value for 

OME mixture. Overall, hBN as additive can improve 

the tribological property of natural oil-based lubricant. 
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