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Abstract

Biodiesel, as an alternative fuel is steadily gaining attention and significance to replace diesel fuel 
partially or completely. The tribological performance of biodiesel is crucial for its application in 
automobiles. In the present study, effect of temperature on the tribological performance of palm 
biodiesel was investigated by using four ball wear machine. Tests were conducted at temperature 30, 45, 
60 and 75ºC, under a normal load of 40 kg for 1 h at speed 1200 rpm. For each temperature, the 
tribological properties of diesel (B0) and three biodiesel blends like B10, B20, B50 were investigated 
and compared. During the wear test, frictional torque was recorded on line. Wear scar of the used ball 
was investigated by optical microscopy. Results showed that friction and wear were increased with 
increasing temperature.  
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1. Introduction
            
Biodiesel, as an alternative fuel derived from 
vegetable oils or animal fats, has a number of 
technical advantages over conventional diesel 
fuel. These include reduction of most exhaust 
emissions and biodegradability, higher flash 
point, reduced toxicity, derivation from a 
renewable feedstock, and domestic origin [1–3]. 
It can be used in diesel engine with little or no 
modification [4]. Although these attributes of 
biodiesel have drawn attention as an alternative 
fuel, there exist some significant drawbacks 
which have limited its commercial applications. 
These include viscosity and oxidation instability 
as a consequence of changing temperature as 
well as exposure to air, lower volatility, 
reactivity of unsaturated hydrocarbon chains [5-
6]. These characteristics of biodiesel are more 
prone to influence the lubrication parameters, 
wear of various engine components and so on. 
The impact of these issues can also be varied for 
different concentration of biodiesel in diesel 
blends. Besides, the adaptation of a selected 
alternative fuel to suit diesel engine is 
considered more economically attractive in 
using it as blend with diesel fuel than in its pure 
form [7-8].  It was reported that neat biodiesel 

possesses inherently greater lubricity than 
conventional diesel fuel [5]. Such effectiveness 
was also reported for even lower (<1%) blend 
levels [9-11] or higher (10-20%) levels [12-13]. 
Masjuki and Maleque, [14] found that above 5% 
palm oil methyl ester (POME) in lubricant 
causes oxidation and corrosion. According to 
Maleque et al. [15], for 5% POME in lubricant, 
the total acid number (TAN) increases after a 
certain temperature (80˚C). They found that at 
higher temperature, oxidation of the lubricants 
caused increased wear. These results seem to 
imply that different temperature have different 
impact on lubricity for different blended fuels.  

The present study aims to investigate the 
effect of temperature on the lubricity for 
different biodiesel blends.
2. Experimental
            
The tribological performance of palm oil methyl 
ester was investigated by four ball wear 
machine, IP 239/85. The ball test material was 
chrome alloy steel (E-52100 with grade 25 extra 
polish) containing (0.95-1.10)% carbon and 
(1.3-1.6)% chromium. Palm oil methyl ester 
used in this study meets EN14214 specifications 
(Table 1). 
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Table 1. Composition of biodiesel. 
Test parameters EN 14214 

Limits
Ester content (%mass) 96.5 min 
Monoglyceride (%mass) 0.8 max 
Diglyceride (%mass) 0.2 max 
Triglyceride (%mass) 0.2 max 
Free glycerol (%mass) 0.02 max 
Acid value (mg KOH/g) 0.5 max 
Water content (mg/Kg) 500 max 
Methanol content (%mass) 0.2 max 
Na + K content (mg/Kg) 5 max 
Ca + Mg content (mg/Kg) 5 max 

The wear and friction characteristics of 
biodiesel blends were investigated at four 
different temperature viz, 30, 45, 60 and 75ºC, 
under a normal load of 40 kg for 1 h at speed 
1200 rpm. The blends like B10, B20, B50 were 
made on volume basis and stored in glass bottles 
at room temperature. The balls had a diameter of 
12.7 mm. Among the four balls, the lower three 
were held in fixed position against each other in 
a steel cup by means of a clamping ring. 
Another ball into the upper chuck was rotating 
one. Testing fuel was poured in sufficient 
amount (approx 10 ml) to cover the balls to a 
depth of at least 3 mm. During each test, friction 
torque was recorded in order to calculate the 
friction coefficient. The wear scar diameters 
were measured before removing the balls from 
the cup. The results reported here are mean wear 
scar diameter of three balls. Fuel degradation 
was analyzed by FTIR. The surfaces of worn 
balls were investigated by using optical 
microscopy.  
3. Results 
          
At the very beginning of each test, friction 
torque recorded on line was unstable with time 
and few minutes later it came to a stable 
condition. Steady state friction coefficient for 
the last 1000s was calculated from the recorded 
torque. Figure 1 shows that steady state friction 
coefficient for different fuel increases with 
increasing temperature. On the other hand, it 
decreases with increasing the concentration of 
biodiesel.

It is seen from Figure 2 that the wear scare 
diameter increases with increasing temperature. 
For each temperature, it decreases as a 
consequence of increasing biodiesel 
concentration [Figure 2]. However, effect of 

temperature in changing wear scar diameter is 
very less. 
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Fig. 1. Variation of steady state friction coefficient 
(FC) of last 1000s for each test with temperature 

for different concentration of biodiesel. 
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Fig. 2. Variation of wear scar diameter with 
temperature for different concentration of 

biodiesel. 
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Fig. 3. Oxidation product rate of the fuels 
obtained after conducting the four ball test at 

different temperature. 
Figure 3 shows that the increasing of 

oxidation product with temperature is lesser than 
that with increasing the concentration of 
biodiesel in blends [Figure 3]. 

It is seen in Figure 4 that with increasing 
temperature, free water content of the tested fuel 
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increases. But, no free water was found for as 
received both diesel and biodiesel. 
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Fig. 4. Water percentage for the fuel B50 obtained 
after conducting the four ball test at different 

temperature. 
Figure 5 shows that the deformation of the 

surface decreases with increasing the 
concentration of biodiesel. The worn surfaces at 
75˚C are comparatively blacker than those at 
30˚C.

(a) B0 at 30˚C (b) B0 at 75˚C

(c) B20 at 30˚C (d) B20 at 75˚C

(e) B50 at 30˚C (f) B50 at 75˚C

Fig. 5. Photograph (500X) by optical microscope 
showing the appearance of the wear scar from 

wear for B0 at (a) 30˚C, (b) 75˚C; B20 at (c) 30˚C
(d) 75˚C; B50 (e) 30˚C, (f) 75˚C.

4. Discussion  
           
This study shows that friction and wear are 
increased with increasing temperature. This may 
be attributed to decreasing of viscosity with 
increasing temperature. According to Clark et al. 
[2], viscosity of the fuel decreases with 
increasing of temperature. Another possible 
interpretation given by Masjuki et al. [16] is that 
the lower boundary effect and/or breakdown of 
boundary lubrication is due to the lower 
viscosity. According to Brajendra et al. [17] the 
ester ends of the fatty acid chain are adsorbed to 
metal surfaces, thus permitting monolayer film 
formation with the hydrocarbon end of fatty 
acids oriented away from the metal surface. The 
fatty acid chain thus o ers a sliding surface that 
prevents the direct metal-to-metal contact. The 
stability of these films depend on operating 
conditions such as load, temperature, speed as 
well as fluid viscosity and composition [15]. 
This suggests that at higher temperature, these 
films seem to be less stable and is thereby cause 
comparatively higher wear and friction.  

It is found that the lubricity in terms of 
friction and wear increases with increasing the 
concentration of biodiesel. According to Wain et 
al. [18] biodiesel containing more oxygen can 
reduce friction and wear as compared to diesel 
fuel. This can also be attributed to the presence 
of aliphatic fatty acid of general formula 
CnH2n+1COOH, such as stearic acid in POME 
which can enhance lubrication property by 
controlling friction and wear between contact 
surfaces through developing of lubrication films 
[19]. The protective films can reduce thermal 
energy in sliding contact and thereby improve 
lubricity [20]. These lubricity enhancing films 
are most likely carboxylic acid moiety based 
[21]. In an another explanation, trace 
components found in biodiesel fuels including 
free fatty acids, monoglycerides, diglycerides 
are reported to improve the lubricity of biodiesel 
[22]. Oxygenated moieties, degree of 
unsaturation, chain length of molecules in 
biodiesel also play an important role in 
increasing lubricity.

From the obtained results it is found that 
oxidation rate increases with increasing the 
concentration of biodiesel. During oxidation, 
with increasing temperature, water content is 
increased while no water was found for as-
received biodiesel. According to Tsuchiya et al. 
2006, the oxidation process produces water and 
free fatty acids like formic acid, acetic acid, 
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propionic acid, caproic acid etc. [23]. They also 
added that these acids are strongly corrosive and 
corrode metals in vehicle fuel system. The 
causes of oxidation may be attributed to the 
exposure of biodiesel to air at higher 
temperature. Apparently, in short term test, by 
increasing viscosity though oxidation possess 
can provide better lubricity but in case of long 
term application, it causes degradation of fuel 
and is therefore results in reduced lubricity [23], 
enhanced corrosion and degradation of materials 
[24]. So, it is assumed that effect of oxidation on 
lubricity is crucial. This possible mechanism 
will be explored in future studies. 

Surface morphology shows that layers of 
debris from the surfaces have been extruded 
sideways, while flacks of debris are extruded out 
from the contact interface in the sliding direction 
of the rotating ball. Removal of small particles 
(<20 m) with a few surface features results 
abrasive wear [25]. Deformation of surface 
decreases with increasing biodiesel 
concentration. This implies that biodiesel blends 
provided better lubricity even at higher 
temperature.  
5. Conclusions 
The following conclusions are drawn from this 
study: 

1. Lubricity in terms of friction and wear 
rate is decreased with increasing 
temperature.  

2. Lubricity at each temperature increases 
as a consequence of increasing biodiesel 
concentration.

3. Deformation of the worn surface 
increases with increasing temperature. 
On the other hand, it decreases with 
increasing biodiesel concentration. 

4. At higher temperature, biodiesel become 
oxidized and free water content also 
increases. 
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