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ABSTRACT – The aim of this study is to analyze the 

tribological characteristics of synthetic oil (SAE 10W40) 

and palm oil with titanium oxide (TiO2) nanoparticles as 

additives. Pin on specifically on wear rate and surface 

characterization. The pin-on-disc test was conducted for 

wear rate characteristics with varying weight percentage 

of TiO2 nanoparticles i.e. from 0 to 1% wt. percentage 

and 21 nm in size of additive. The wear rate was 

evaluated on the basis of volume loss of materials. For 

the surface characterization, Scanning Electron 

Microscope (SEM) was deployed to get the surface 

morphological characteristics. It was found that the wear 

rate of palm oil has higher that than that of SAE 10W40 

by 49.06%. 

 

1. INTRODUCTION 

In automotive applications, the conventional 

additives used are antioxidants and extreme pressure 

agents (EP) additives such as sulphur, chlorine and 

phosphorus [1]. These EP additives prevent excessive 

wear by metal-to-metal contact under extreme load. 

However, these additives specifically sulphur, and 

chlorine have been restricted due to their environmental 

impacts.  

Due to recent advancement in nanotechnology, the 

use of nanoparticles as additive in lubricants provides 

plausible alternative solution to conventional additives 

with environmental limitation. Nanoparticle additives 

have advantages such as promoting smooth performance 

of engine components and are more remarkable and 

environmental-friendly [2–3]. Lubricants display 

significant improvement in the tribological properties 

when added with nanoparticles. The addition of 

nanoparticles in different shapes, sizes and 

concentrations may affect the level of friction and wear 

reduction [1–3]. 

This study examined the tribological effect of TiO2 

nanoparticles have been investigated using pin-on-disc 

tribotester. For optimization purposes, Response Surface 

Methodology (RSM) using Box-Behnken Design (BBD) 

design was deployed in this work. This has enabled 

simultaneous consideration of many variants. 

 

2. RESPONSE SURFACE METHODOLOGY 

The RSM associated with the experimental design 

is applied in this study for illustrating the multiplicity of 

the self-determining input variables and construct 

mathematical models. This will contribute for examining 

an appropriate measuring relationship between input 

variables and the output reactions [4]. 

 

3. METHODOLOGY 

Using Box-Behnken approach, a set of 

experimental design was produced as shown in Table 1. 

In the experimental design, the three parameters (speed, 

load and concentration of TiO2) were assigned at 

different configuration for each run. In total, there are 15 

experimental runs as shown in Table 2 by using Minitab 

16.0 statistical software.   

 

Table 1 Experimental level of independent variable 

selected. 

Variables 
Symbol Coded levels 

Uncoded Coded -1 0 +1 

Speed (rpm) X1 x
1 200 1100 2000 

Load (kg) X2 x
2 10 15 20 

Concentration 

(%wt) 
X x

3 0 0.5 1 

  

Table 2 The BBD matrix design. 
Run 

order 

Coded variables Real variables 

x1 x2 x3 X1 X2 X3 

1 +1 -1 0 1100 15 0.5 

2 +1 0 -1 1100 10 0.0 

3 -1 0 +1 200 15 0.0 

4 +1 0 +1 1100 20 1.0 

5 +1 +1 0 1100 15 0.5 

6 0 0 0 2000 20 0.5 

7 0 0 0 2000 15 1.0 

8 -1 -1 0 200 10 0.5 

9 0 -1 -1 200 15 1.0 

10 0 +1 +1 1100 15 0.5 

11 -1 +1 0 200 20 0.5 

12 0 0 0 2000 15 0.0 

13 -1 -1 -1 1100 10 1.0 

14 0 0 -1 2000 10 0.5 

15 0 0 +1 1100 20 0.0 

 

The nano-lubricant was prepared by dispersing 

TiO2 nanoparticles from 0 to 1 wt% in SAE 10W40 and 

palm oil using ultrasonic homogenizer. The pin-on-disc 

apparatus was utilized to study the wear analysis as 

shown in Figure 1. The samples were prepared according 

to ASTM G99 standard and done at constant room 

temperature, 26° C for 60 seconds duration.  

 

4. RESULTS AND DISCUSSION 

From Table 3, it is evidently noted that palm oil has 

higher wear rate than synthetic oil by 49.06% at 200 rpm, 

10 kg and 0.5 wt% of TiO2 nanoparticles. This is due to 



Mohamad et al., 2018 

503 

 

the chemistry and polarity nature that promotes the 

adsorption of metal surface resulting in wear reduction. 

They form a thin layer that improves the metal-to-metal 

separation. Nevertheless, if the nanoparticles cannot 

penetrate into the contact area, their deposition on the 

metal surface will be more severe, which increases the 

wear [5]. 

Besides that, several studies in the literature 

reported satisfactory results where nano oxides are used 

as extreme pressure (EP) additives in synthetic oil and 

palm oil as they reduce friction and wear resistance. 

However, this work shows that nano oxides deteriorate 

the performance of palm oil. Hence, this suggests that 

extreme-pressure additive action of nano oxides depends 

on the base stock of lubricant [6]. 

 

 
Figure1 Pin-on-disc tribotester specification. 

 

Table 3 The wear rate results of synthetic oil and palm 

oil based on run orders. 

Run 

Order 

Operating Conditions 
Wear rate x 10-3  

(mm3/ N.m) 

Speed 

(rpm) 

Load 

(kg) 

Concentration 

(%) 

Synthetic 

Oil 
Palm Oil 

1 1100 15 0.5 0.000497 0.000062 

2 1100 10 0.0 0.002357 0.002047 

3 200 15 0.0 0.067050 0.013643 

4 1100 20 1.0 0.000124 0.010838 

5 1100 15 0.5 0.000124 0.000621 

6 2000 20 0.5 0.000060 0.000026 

7 2000 15 1.0 0.008793 0.000239 

8 200 10 0.5 0.100204 0.196700 

9 200 15 1.0 0.000797 0.041522 

10 1100 15 0.5 0.000165 0.000031 

11 200 20 0.5 0.054244 0.038229 

12 2000 15 0.0 0.000011 0.000114 

13 1100 10 1.0 0.002361 0.000031 

14 2000 10 0.5 0.000017 0.000017 

15 1100 20 0.0 0.000572 0.005831 

 

For further analysis, Scanning Electron Microscope 

(SEM) with 1000x magnification is used in order to 

investigate the presence of debris and TiO2 nanoparticles 

from the glass slide. As shown in Figure 2, nanoparticles 

and debris are found on the glass slide after experiment. 

From observation, it is clearly seen that palm oil has a 

larger debris than synthetic oil. The synthetic oil exhibits 

excellent high pressure and anti-wear due to the extreme-

pressure (EP) additive. This property provides better 

metal wetting attractions and helps to keep dirt and debris 

off from metal surfaces. 

 

 
Figure 2 SEM Images of (a) palm oil and (b) synthetic 

oil with 0.5 wt% of TiO2 nanoparticles after experiment 

conducted. 

 

5. CONCLUSION 

Preliminary work has been carried out on the effect 

of TiO2 nanoparticles on synthetic oil and palm oil 

towards wear. Based on the results, it is observed that 

palm oil has higher wear rate than synthetic oil by 

49.06% at 200 rpm, 10 kg and 0.5 wt% of TiO2 

nanoparticles. 
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