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Abstract 

Jatropha oil has been known as alternative substitute for 

diesel fuel but its potential use as lubricant is not much 

known yet. Chemically modified jatropha oil (CMJO) 

has been successfully synthesized through modification 

process of hydrocarbon chain at the triglycerides 

structure. This study is meant to investigate tribological 

characteristics of CMJO as potential renewable lubricant 

additives. Tribological characteristics of the oil were 

acquired by using pin on disk test configuration. The 

contact material was 60 HRC steel disc and 34 HRC steel 

pin. Paraffin oil and 2.5% and 20% CMJO in paraffin oil 

were used as test oil. The test was conducted by step load 

method within the range of 100 – 500 N for each 6 

minutes at 120 rpm rotational speed. It was found that 

addition of chemically modified jatropha oil shows good 

effect in improving boundary friction but no significant 

effect to wear preventive was found. 
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1. BACKGROUND 

Lubricant base stocks are mainly derived from mineral or 

petrochemical oils. However, the reduction of petroleum 

reserves and environmental issues has encouraged efforts 

to find alternative source. Plant oil has already used as 

lubricant since long ago.  Several studies showed the 

benefit of using this oil due to its renewable source, 

biodegradability and environmentally safe compare to 

mineral oil (Rudnick et a.l, 2006; Hwang et al., 2003; 

Wu, et al., 2000; Lea, 2002). It is believed that in the 

future the environmental aspects of the lubricant will take 

precedence over performance (Gschwender et al., 2001).  

The key to the use of plant oil-based lubricants is that 

they cannot be used in every application. There is simply 

not enough plant oil produced globally on an annual 

basis. The entire production of plant oil does not go into 

lubricant application. Therefore, it is useful to consider 

the application of plant oils in lubricant applications 

where the properties and performance are best matched 

(Rudnick et al., 2006).   

The long fatty acid chain and presence of polar groups in 

the natural plant oil structure makes it possible to be used 

as both boundary and hydrodynamic lubricants (Fox et 

al., 2004; Erhan et al., 2006). However, their double 

carbon bonds in unsaturated fatty acid affects their low 

temperature behavior, poor oxidative stability, and other 

tribochemical degrading process, makes their application 

limited (Rudnick et al., 2006).  

In order to deal with the disadvantage of plant oils 

usage as lubricant, several methods has been developed 

by researchers (Erhan et al., 2006; Adhvaryu et al, 2004; 

Sharma et al., 2006; Akbar et al., 2008; Wagner et al., 

2001). These methods are generally works on modifying 

carboxyl group of fatty acid and the fatty acid chain 

contained in plants oil. According to Gawrilow 

(Gawrilow, 2003), high stability and low pour point 

natural plant oil can be produced by converting all the 

fatty acid into monounsaturated fatty acid. In addition, 

monounsaturated fatty acid provides optimum oxidative 

stability and lower temperature properties. 

Jatropha C. is a typical tropical and subtropical plants 

which grown as non-cultivated and non-edible wild 

species. It consists of high content of unsaturated fatty 

acid similar to other plant oil (Table.1). Jatropha oil (JO) 

has been known as alternative resource for bio-diesel 

fuel. However, its function as lubricant oil is not much 

known yet although this oil has potential to be used as a 

non-edible vegetable oil feedstock due to its high oil 

content (61–64%) (Akbar et al., 2008). Lubis et al. 

(Lubis et al., 2011), found that in its native form this oil 

has comparable anti wear performance compared to 

mineral oil. Other research found that modification of 

jatropha oil fatty acid could improve viscosity index and 

thermal-oxidative resistance of this oil (Gunam Resul et 

al. 2008).   

 

2. OBJECTIVES 

This study is meant to investigate tribological 

characteristics of chemically modified jatropha oil 

(CMJO) as renewable lubricant additive. 
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3. MATERIALS AND METHODS  

3.1. Oil Sample 

CMJO sample was obtained via fatty acid chemical 

modification method introduced by (Adhvaryu et al, 

2004), which used epoxidized vegetable oil to be 

converted to esterified vegetable oil. Crude jatropha oil 

(CJO) was obtained from local market in Malaysia and 

then epoxidized following method published elsewhere 

(Goud et al., 2007). The CMJO sample then dissolved in 

paraffin oil with concentration of 2.5% and 20% v/v to 

examine its effect in reducing friction and wear.  

 

Table 1. Fatty acid content of several plant oils  

(Lawate et al.,1997, Akbar et al., 2008) 
Fatty acids Jatropha 

(%) 

Palm oil 

(%) 

Soybean 

(%) 

Oleic acid (C18:1) 44.7 39.3 23.2 

Linoleic acid (C18:2) 32.8 10 53.7 

Palmitic acid (C16:0) 14.2 44.4 10.6 

Stearic acid (C18:0) 7 4.1 4 

Palmitoleic acid (C16:1) 0.7 0.2 0.1 

Other fatty acids 0.6 2 8 

 

3.2. Oil Structural Analysis 

Fourier transform infrared spectroscopy (FTIR) was 

applied to examine structural modification effect to the 

fatty acid structure. A Shimadzu FTIR-8400S analyzer 

was employed within scanning range of 600 
 
– 4000 cm

-1
. 

 

3.3. Analysis of Friction and Wear 

Friction and wear characteristic of the oil samples was 

observed by DUCOM Multispecimen Tester TR-701 

with pin on disk test configuration. Schematic illustration 

of the test configuration is shown in   Figure 1. AISI 

52100 steel with diameter of 50 mm and hardness of 60 

HRC was used as disc material. Steel pin with hardness 

of 34 HRC and diameter of 6 mm was used and wear 

track diameter was set as 30 mm. The experiment was 

conducted by applying step up load within range of 100 – 

500 N at 120 rpm sliding speed. Sliding time was six 

minutes for each load and a break-in period with load of 

50 N was set for 6 minutes as well. The initial 

temperature was set at 30°C. A plunger was placed to 

measure vertical displacement (wear) of the tribosystem. 

This plunger movement as wear rate was sensed by a 

linear voltage resistance transducer as the plunger lifted 

up or down. Thus, compound wear the system can be 

observed directly. A thermometer located below disc 

specimen to measured disc temperature changes during 

tribological testing. During the experiment, data were 

calculated by the instrument and displayed in real time 

by WINDUCOM 2006-v4 software, the supplied 

Windows-based data acquisition software program, and 

data acquisition was acquired by National Instrument 

PCI 6221. 

 

 

 

4. RESULTS AND DISCUSSION 

4.1. FTIR characterization  
Infra-red spectra of jatropha oil before and after 

structural modification are shown in Figure 2. All oil 

have same peaks at 2926 and 2855 cm
-1

, which represent 

methylene asymmetric stretching,     1743 cm
-1

 

(triglycerides stretch), 1465 cm
-1

 (CH2 bending 

vibration), 1377 cm
-1

 (CH3 symmetrical bending 

vibration), and 724 cm
-1

 (CH2 rocking vibration). Peak at 

820-843 cm
-1

 indicates epoxy ring vibration in 

epoxidized jatropha oil sample (EJO). Additional peaks 

at 1242, 1160, and ~ 1100 are due to stretching vibration 

of the C-O groups in ester (Sharma et al., 2006, Pretsch, 

2009).  Similar result also obtained by Sharma et.al 

which was using epoxidized soybean oil as raw materials 

(Sharma et.al, 2006). From the result, chemically 

modified jatropha oil is concluded successfully obtained 

from epoxidized jatropha oil.  

 

4.2. Tribological characteristics 

Frictional characteristics of the oil samples are shown in 

Figure 3. Friction coefficient (µ) of pin on disk sample 

lubricated with 100% paraffin oil was increased with 

increasing load (Figure 3a). The oil film was only 

capable to sustain load only at break-in period (50 N 

load) then broke when the load doubled to 100 N, 

reached steady state and increased again after load 

increased to 200 N. After load increased to 300 N, the 

friction was decreased and showing indication of steady 

state friction. The condition is maintained even at higher 

loads. By addition of CMJO, load carrying capacity was 

significantly improved. The fluid film was started to 

break at 200 N for 2.5% addition and at 300N for 20% 

addition.  

 

 

Figure 1. Schematic illustration of pin on disc test 

configuration 
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Figure 2. Infrared Spectra of Jatropha Oil and CMJO 

 

Compound wear of the pin on disk are shown in Figure 

4. In Figure 4a, the wear tends to move in negative 

direction on break-in period up to load of 400 N. This 

characteristic also found in friction lubricated with 20% 

CMJO.  On the other hand similar characteristic was not 

found in friction with 2.5% CMJO. The wear was tend to 

be steady and low in positive displacement and became 

high when load increased to 400 – 500 N. These results 

were possibly due to effect of running in process and 

how the oil entrance between pin and disk during sliding. 

This result also possibly caused by adhesive wear 

mechanism predominantly taken place during the 

beginning of sliding process, which form a typical layer 

on disc surface and then broke up when the load 

increased. After the film were breaking up, the metal 

surfaces were brought in direct contact caused cold 

welded junction taken place and forming wear debris, 

which initiated abrasion on the surface.  

The main function of a lubricant is to reduce friction, 

wear, and surface damage by preventing solid-solid 

contact as much as possible. Lubricant must reduce 

formation of any strong metallic junctions that would 

lead to adhesive wear in lubricated system. A Liquid 

lubricant also must capable to reduce wear debris 

formation and remove heat from contacting surfaces. 

Removal of heat could reduce operating temperature 

which resulting in the formation of thicker oil films 

and/or a lower demand on the lubricant additives (Rowe, 

1983). Interaction between saturated hydrocarbon, i.e 

paraffin oil, and metal or metal oxide is principally by 

forming weak van der Walls interaction leading to a 

relatively low adsorbate-substrate binding energy 

(Persson, 2000). Addition of CMJO to paraffin oil was 

clearly improved its boundary lubrication properties. 

This due to polar head consisting in the CMJO is binds 

relatively stronger to metal surface forming a dense film 

so no fluidization or shear melting of the film will occur 

during sliding (Persson, 2000). Under heavier load this 

boundary film is possibly completely removed from 

asperity contact region and the metal oxide broken 

leading to direct contact between the metal surface and 

formed cold welded junction. The cold welded junction 

initiated formation of wear debris which usually able to 

increasing the friction and wear by three body abrasion 

process. 

 

5. CONCLUSIONS 

Chemically modified jatropha oil has successfully been 

obtained by structural modification method. Addition of 

chemically modified jatropha oil shows good effect in 

improving boundary friction but no significant effect to 

wear preventive characteristic found. 
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Figure 3. Friction characteristics graph; (a) 100% 

paraffin oil, (b) 2.5% CMJO, and (c) 20% CMJO 

 

 

 

(a) 

 
 (b) 

 

(c) 

Figure 4. Compound wear graph; (a) 100% paraffin oil, 

(b) 2.5% v/v CMJO, and (c) 20% CMJO. 
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