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ABSTRACT  

 

Friction is the force resisting the relative motion of 

solid surfaces, fluid layers, or material elements 

sliding against each other. Nowadays, vegetable oil 

as the base oil is being promoted for the industrial 

use. Vegetable oil has the potential to substitute the 

conventional mineral oil based lubricating oil due to 

the high stearic acid. In this research, the friction 

behavior of Jatropha oil and Paraffin mineral oil 

were studied using four-ball wear tester. The tests 

were conducted using a variation of the standard 

ASTM D 4172 condition B to monitor the friction 

characteristics of both lubricants. The results 

showed that Jatropha oil had lower friction 

compared to the Paraffin mineral oil. 
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1. INTRODUCTION 

  

Tribology is a multi-discipline field of knowledge. In 

order to study the changes occurring in bulk material 

such as load, speed and temperature, the researchers 

are required to understand the material surface 

moving relative to one another (Waleska et al., 

2005). Lubricant plays major roles in any mechanical 

moving parts. Friction is the force resisting the 

relative motion of solid surfaces, fluid layers, or 

material elements sliding against each other. Friction 

is categorized into five types; dry friction, fluid 

friction, lubricated friction, skin friction and internal 

friction. Dry friction resists relative lateral motion of 

two solid surfaces in contact. It is subdivided into 

static friction between non-moving surfaces, and 

kinetic friction between moving surfaces. Fluid 

friction describes the friction between layers within a 

viscous fluid that are moving relative to each other. 

Lubricated friction is a case of fluid friction where a 

fluid separates two solid surfaces. A component of 

drag, the force resisting the motion of a solid body 

through a fluid and the force resisting motion 

between the elements making up a solid material 

while it undergoes deformation are known as skin 

friction and internal friction respectively (Ferdinand, 

1996, Meriam, 2002, Ruina et al., 2002, Hibbeler, 

2007, Sautas et al., 2008).   

 

 Lubrication is critical for minimizing the 

wear in mechanical systems that operate for extended 

time. Lubricant is used not only for lubrication but 

also for other several roles in industrial applications. 

Hence, many researchers try to develop new and 

better lubricants which meet the demand of current 

machinery purpose. Developing the lubricants that 

could be used in engineering systems without 

replenishment is very important for increasing the 

functional lifetime of mechanical components 

(Michael Lovell et al, 2006). 

 

The use of petro and synthetic base oil is 

overwhelming in lubricant industry, which 

undesirably causing the major damages to the 

environment. Hence, the worldwide trend of 

promoting vegetable oil as the base oil in industries 
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is increasing as a result of the increasing awareness 

and concern about health and environmental damage 

caused by the mineral oil based lubricants (Jayadas, 

2007). Consequently, Biodegradable oils are 

becoming an important alternative to conventional 

lubricants as a result of awareness towards ecological 

pollution and its detrimental effect to our lives (Kalin 

et al., 2006). The other reason of promoting 

vegetable oil as the base oil in industries is because 

they have better intrinsic boundary lubricant 

properties due to the presence of long chains of fatty 

acids in their composition. In addition, the polar ester 

groups in vegetable oil are able to adhere to metal 

surface and therefore possess good lubricating ability 

(Randles et al., 1992). 

 

Jatropha oil is one of the vegetable oils 

produced from the seeds of the Jatropha curcas, a 

plant that grows in marginal lands and common 

lands. Jatropha oil cannot be used for nutritional 

purposes without the detoxification process, resulting 

it to be used as biodiesel in automotive industries 

instead. Vegetable oil for the use in the industrial 

sector is not a new idea. They were used in 

construction of monuments in Ancient Egypt 

(Nosonovsky, 2000). In the early times, Jatropha oil 

was used as a mineral diesel substitute during the 

Second World War in Madagascar (Agarwal, 2007).  

Paraffin mineral oil was selected to be tested 

as mineral-based oil in this experiment.  Friction test 

were carried out by using four ball tribotester. In this 

research, Jatropha oil was evaluated on its friction 

characteristics as lubricant in four ball tester and the 

results were compared with paraffin mineral oil 

mutually. The experiments were carried out 

according to the ASTM D-4172 type B condition 

which the duration time for the test was one hour 

(3600sec) under the temperature of 75 degrees 

Celsius. The evaluation was focused on the friction 

torque of the lubricant and the coefficient of friction. 

From the experiment, we could assume that the 

reduction of the friction constraint of vegetable oils 

is better than commercial engine oils due to the long 

chains of fatty acid in the vegetable oil. 

 

2. EXPERIMENT  

 

2.1 Experiment Apparatus 

 

The four ball wear machine, which was firstly 

described by Boerlage, has acquired the status of an 

established institution in the fundamental 

investigation of lubricants characteristics especially 

for the wear test and extreme pressure of the test 

lubricants (Boerlage, 1933). Figure 1 shows the 

schematic of the alignment for four ball tribotester. 

The main components of this tribotester are the ball 

pot, collect, locknut adaptor and standard steel balls. 

This instrument uses four balls; three at the bottom 

and one on top. The bottom three balls are clamped 

together with the ball lock ring inside the ball pot 

and the balls are held firmly in a ball pot containing 

the lubricant under test and pressed against the top 

ball. The top ball is connected with the spindle 

through the collect and driven by the drive motor. 

The temperature of the test lubricant was measured 

by the thermocouple and it was controlled by the 

electric heater. The test lubricants were compared 

based on the friction torque of the lubricant and the 

coefficient of friction of the lubricant. 

 

2.2 Test Lubricants 

 

The lubricating ability of the Jatropha oil was 

evaluated and compared with the additive- free 

paraffin mineral oil mutually. Jatropha oil (without 

additives) as the test lubricant is one of the vegetable 

oils produced from the seeds of the Jatropha curcas, 

a plant that grows in marginal lands and common 

lands. The Jatropha seeds contain viscous oil that 

can be used for the manufacture of candle and soap, 

even in cosmetics industry. This latter use has 

important implications for meeting the demand for 

rural energy services and practically substitutes the 

fossil fuels to counter the greenhouse gases 

accumulating the atmosphere (Emil Akbar, 2009). 

The Jatropha oil has a specific density of 934.5 

kg/m3 and a kinematic viscosity of 60.30 cSt at the 

temperature of 15 and 40°C, respectively. In 

addition, paraffin mineral oil which is categorized in 

Hydrocracked group was used as the base oil in this 

research. The kinematic viscosity of Paraffin 

mineral oil at 40°C is 92.55cSt.The performances of 

the test lubricants in this experiment were compared 

and analyzed with the paraffin mineral oil. 
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         Figure 1 Schematic of four balls wear tester 

2.3 Material 
 

The test bearing balls used in this experiment are 

chrome alloy steel (AISI E-52100) which each 

having the diameter of 12.7mm. The bearing balls 

hardness is 64-66Hrc with grade 25 of extra polish 

(EP). New four bearing balls were used for each 

new test. Acetone was used to clean the bearing 

balls and they were wiped using a fresh lint free 

industrial wipe. 

 

2.4 Friction 
 

Beam type load cell of 20kg was used in evaluating 

the frictional torque. It was fitted at a distance of 

80mm from the center of the spindle. The frictional 

force was measured based on the load applied and 

the frictional torque was transformed by multiplying 

the distance between where the contact surfaces of 

four balls and center of rotating ball (3.67mm). The 

friction force measured indicated the effectiveness 

of the transmission media or lubricant onto moving 

surfaces.  Therefore, in term of lubrication, less 

friction is desirable to contribute a higher efficiency 

of transmission. 

 

2.5 Experiment Procedure 

 

In this research, the four ball tribotester was used. 

The wear tests were carried out under the ASTM 

method D-4172 condition B under the applied load 

of 392.4N (40kg) at a spindle speed of 1200 

revolution per minute (rpm) for a duration of one 

hour. The experiments were conducted under the 

temperature of 75 degrees Celsius. The evaluation 

was done based on the average diameter of the 

circular scar formed on the three stationary balls in 

the wear test. Before starting the experiment, all the 

apparatus including the steel balls had to be cleaned 

with acetone. One of the balls was inserted into the 

collect and the tapper at the motor spindle. Then, the 

four ball machine was set up to the desired spindle 

speed. After that, the steel balls were lock into the 

ball pot with the ball ring. The balls were locked 

using the lock nut and tightened with the force of 68 

Nm using the torque wrench. 10ml of the test 

lubricant was immersed into the ball pot. The ball 

pot was placed onto the non-friction disc. A heater 

was connected to the ball pot assembly to generate 

the desired temperature. Before the authors applied 

the load onto the wear tester, the load arm was made 

sure to be at the balancing position to prevent any 

errors to occur. The required load was applied onto 

the load pan at the end of the load arm. 

 

3.  RESULT AND DISCUSSION 

 

3.1 Friction Torque 

 

A 20-kg beam type load cell was used to measure 

the frictional torque as per described in the four balls 

tester machine manual. The load cell was fitted at a 

distance 80 mm from the center of spindle. The 

applied force was measured as the frictional force 

and converted to frictional torque by multiplying the 

frictional force by 0.8, and the maximum value of 

the measured frictional torque was 14 Nm. The data 

acquisition systems showed the output result of 

friction torque during the experiment. The 

corresponding friction torque for the Jatropha oil 

and Paraffin mineral oil is presented in Figure 2. 

The notation JO and PMO represent the Jatropha oil 

and Paraffin mineral oil respectively. From Figure 2, 

we can observe that at the initial time of test, both 

graph increased rapidly with time before they 

entered the steady state. The friction torque of both 

lubricants became constant after the test ran for 

around ten minutes (600s). This behavior represents 

that the material surface had worn enough to adjust 

themselves and the lubricant could support the given 

load. However, PMO showed a sudden increase of 

friction torque at the end of the experiment which 

indicated that the lubricant film formed had led to 

failure.  Jatropha oil showed a lower friction torque 

compared to the Paraffin mineral oil. The friction 

torque for the Jatropha oil and Paraffin mineral oil 

were 0.09Nm and 0.15Nm respectively. The lower 

of friction torque of Jatropha oil was because of the 

presence of long chains of fatty acid in Jatropha oil, 

reducing the friction constraint (Abdulduadir, 2008). 

 

3.2 Coefficient of Friction 

 

The influence of coefficient of friction is very 

important for the development of lubricants. The 

coefficient of friction plays a major role in the 

determination of transmission efficiencies via 

moving components. Less resistant contributes to 

higher efficiency. Therefore, in terms of lubricant, 

less coefficient of friction is desirable. Figure 3 

illustrates the coefficient of friction for Jatropha oil 

and Paraffin mineral oil using four ball tribotester. 

In Figure 3, Jatropha oil is represented as JO and 

Paraffin mineral oil is represented as PMO. The 

experiments had been conduct according to the 

method ASTM D-4172 B. From Figure 3, Jatropha 

oil shows lower coefficient of friction compared to 

Paraffin mineral oil. The coefficient of friction for 

Jatropha oil and Paraffin mineral oil were 0.04837 
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and 0.09026 respectively. The Jatropha oil has given 

rise to very low coefficient of friction compared to 

the Paraffin mineral oil due to the fatty acid 

constituents (Zeman, 1995). 

 

#

 

Figure 2 Friction torque of Jatropha oil and Paraffin 

mineral oil 
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Figure 3 Coefficient of friction of Jatropha oil and 

Paraffin mineral oil 

 

 

4. CONCLUSION  

 

The friction characteristics of the Jatropha oil had 

been evaluated using the four ball tribotester 

machine. All the results were compared mutually 

with the Paraffin mineral oil. The experimental and 

analytical results could be summarized as follows. 

For the reduction in friction, Jatropha oil showed a 

better result compared to the Paraffin mineral oil. 

Jatropha oil also showed significantly lower 

coefficient of friction and frictional torque compared 

to the Paraffin mineral oil. This behavior was 

credited to the long chains of fatty acid in the 

Jatropha oil. 
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