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ABSTRACT 

 

 

 

 

The purpose of this study is to determine the optimal design parameters and to indicate which 

of the design parameters that are statistically significant for obtaining a low coefficient of 

friction (COF) with hexagonal boron nitride (hBN) and alumina (Al2O3) nanoparticles, 

dispersed in Castor oil. Design of experiment (DOE) was constructed using the Taguchi 

method, which consists of L9 orthogonal arrays. Tribological testing was conducted using a 

four-ball tester according to ASTM standard D4172 procedures. According to the analysis of 

signal-to-noise (S/N) ratio and analysis of variance (ANOVA), COF and wear scar diameter 

were reduced significantly by dispersing several concentrations of hBN nanoparticles in 

conventional diesel engine oil, compared to without nanoparticles and with Al2O3 

nanoparticle additive.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

1. INTRODUCTION 
  

1.1 Problem Statement 

 

The purpose of this study is to determine the optimal design parameters and to 

indicate which of the design parameters that are statistically significant for obtaining a 

low coefficient of friction (COF) with hexagonal boron nitride (hBN) and alumina 

(Al2O3) nano particles, dispersed in Castor oil. 

 

 

       1.2 Background 

    

Nano particles can be considered as modern lubricant additives. They present several 

major advantages over organic molecules that are currently used as lubricant 

additives. Their nanometer size allows them to enter into the contact area like 

molecules. They are immediately efficient; even at ambient temperatures. Therefore, 

no induction period is necessary to obtain interesting tribological properties. Various 

types of nanoparticles were used to prepare nano lubricants, including polymers, 

metals, and organic and inorganic materials.  

        

 

 

1.3 Review of Literature 

 

Studies reported that copper (Cu) nanoparticle used as oil additives can improve the 

anti-wear, load-carrying, and friction-reduction performance of SJ 15W/40 gasoline 

engine oil. This was in agreement with several other authors’ work, where they use 

nanoparticles of zirconia/silica (ZrO3/SiO2) composite, copper oxide (CuO), titanium 

oxide (TiO2), and nano-diamond as oil additives. Even the addition of a low 

concentration of nanoparticle (between 0.2% and 3% vol.) into lubricating oil is 

sufficient to improve tribological properties. 

 

 

2. OBJECTIVES 

 
 Study and analysis of physical properties of engine oil 

 Variance of wear and tear 

 

3. METHODOLOGY AND WORKING ALGORITHM 

 

 

• Tribological testing will be conducted in three phases, namely: 

 1
st
 phase : pure castor oil testing for flash point, pour point, etc.  

 2
nd 

 phase :testing on pin on disc after adding Al2O3/hBN nanoparticles . 

 

•  Primary and secondary data are collected through experimentation and research 

papers.  



 

4. PHASE I: PURE CASTOR OIL TESTING 
 

 

4.1  Why Castor Oil? 

 

• Vegetable oils, due to their good lubricity and biodegradability are attractive 

alternatives to petroleum-derived lubricants 

• Castor oil has better low temperature viscosity properties and high temperature 

lubrication than most vegetable oils 

• It is a useful lubricant in jet, diesel, and race car engines.
[
 

 

 

4.2  Chemical Properties 

 

Flash point: 229
o
C 

Pour point: -24
o
C 

Fire Point: 449
o
C 

Density : 961 kg/m
3
 

Dynamic Viscosity (at 10
o 
C) : 2420 cP 

 

 

4.3 Experimental Results 

 

Graph for viscosity (cP) at 10 degree C, as measured by Rheometer  

 

 
 



 

 
 

The viscosity of castor oil by experimental methods is obtained to be approx 2220 cP,  

verifying the observational values. 

 

 

 

 
 

 

 
Graph obtained for viscosity vs. time at 40 degree C.  

 



 
  

 
 

 

 

 

 

 

 

 

 

 

 



 

5. PHASE II: AFTER ADDING Al2O3/ hBN NANO-PARTICLES 
 

 

5.1 Design Parameters 

 

 1  2  3  

hBN (vol %)  0  2%    4%  

Al2O3 (vol %)  0  3%  6%  

Sliding 

Velocity (rpm)  

300  600  900  

Load (N)  50  100  150  

 

 

 

 

 

5.1 Taguchi Methods 

 

Taguchi designs are used for robust parameter design, in which the primary goal is to 

find factor settings that minimize response variation, while adjusting (or keeping) the 

process on target. Taguchi designs provide a powerful and efficient method for 

designing products that operate consistently and optimally over a variety of 

conditions. 

 

 

 

 

 

 

 

5.2 Experimental Results 

 



 

 

 

               
 

 

               
 

 



              

 
 

 

 

 

 

A pin on disc tribometer consists of a stationary "pin" under an applied load in contact with a 

rotating disc. The pin can have any shape to simulate a specific contact, but spherical tips are 

often used to simplify the contact geometry. Coefficient of friction is determined by the ratio 

of the frictional force to the loading force on the pin. 

The pin on disc test has proved useful in providing a simple wear and friction test for low 

friction coatings such as diamond-like carbon coatings on valve train components in internal 

combustion engines. 

 

 

 

 

 

 

 
 

 

 



 

 

 

 

The S/N ratio used for this type response was given by: 

 

 
Where, n is the number of measurement values in a test and y is the measured value in the 

test. 
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ANOVA is statistically based, used for detecting differentials occurring in the average 

performance of groups of items tested. ANOVA helps in formally testing the significance of 

all main factors and their interactions by comparing the mean square against an estimate of 

the experimental errors at specific confidence levels. 

 



 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

6. CALCULATIONS AND RESULTS 

 

      

The chemical properties of castor tested so far have experimental values as:  

 

 

Flash point: 229
o
C 

Pour point: -24
o
C 

Fire Point: 449
o
C 

 

Density : 961 kg/m
3
 

Dynamic Viscosity (at 10
o 

C) : 2420 Cp 

 

 

 

 

 According to the category of the performance characteristic, a greater S/N value corresponds 

to a better performance. Therefore, the optimal level of COF parameters is the level with the 

greatest S/N value. Based on the analysis of the S/N ratio, the optimal COF for the vol.% 

contribution was obtained as 2 vol.% AlO3 and 3 vol.% hBN. 
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