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Arising world economy issues, such as depletion of world 
crude oil reserves, are having an impact on the 
transportation field and automotive manufacturers. 
Burning of petro-diesel contributes to the increase in 
greenhouse gas emissions, which traps heat within the 
atmosphere. To prevent this, an approach was proposed 
through alternative fuel production using biodiesel. 
However, higher blending of biodiesel in petro-diesel fuel 
used in compression ignition engines has been found to 
cause a significant dilution effect on the engine lubricants. 
This study presents an experimental method to 
investigate the frictional properties of the engine 
lubricant when diluted by coconut oil and soybean oil 
derived biodiesel. Laboratory grade biodiesel used in this 
study is produced using the transesterification process. 
Friction forces for SAE10W40 grade engine lubricant 
diluted at different volume fractions from 10-vol% to          
90-vol% of each of the produced biodiesels are measured 
using the pin-on-disc friction tester. It is observed that any 
level of dilution of coconut oil and soybean oil biodiesel on 
SAE 10W40 grade engine lubricant increases frictional 
losses when compared with the undiluted lubricant. 
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1.0 INTRODUCTION 
Since the second half of the 20th century, a lot of research has been done in order to develop 

ever more fuel efficient and compact automobile engines with reduced environmental impact 
(Priest and Taylor, 2000). It is widely understood that upgrading of government laws and 
regulations would help improve fuel economy and potentially produce lower emissions from the 
automotive engines (Tung and McMillan, 2004). In the process of seeking greener alternatives to 
the fossil fuel, for the transportation sector, liquid fuel has become a dominant option (Li et al., 
2012). A possible replacement for fossil fuel is biodiesel.  

The term biodiesel refers to fatty acid methyl or ethyl esters made from vegetable oils or 
animal fats, undergoing transesterification process, giving properties good enough to be used in 
diesel engines (Li et al., 2012; Rathod and Lawankar, 2013). It is known to have a good lubrication 
properties and has been proven to improve the lubrication properties of low-sulfur petro-diesel 
fuels at blend levels of approximately 2% and higher (Knothe and Steidley, 2005). Good 
lubrication properties of biodiesel are attributed to the fuel’s polarity imparting oxygen atoms, 
which has a higher tendency to form sufficiently thick protective film along sliding surfaces to 
reduce friction and wear (Knothe and Steidley, 2005). The lubrication properties of biodiesel are 
not a specified requirement in biodiesel production standards, in spite it is one of its major 
technical advantages (Knothe, 2010). Recently, it is also shown that vegetable oil derived 
biodiesel possesses good friction modifier effect, which could delay the onset of boundary friction 
(Hamdan et al., 2017). 

Investigations thus far have showed that engine lubricant dilution will be more significant 
when biodiesel fuel is used since this fuel tends to concentrate in the lubricant (Thornton et al., 
2009) because of its higher boiling point than petro-diesel fuel (Andreae et al., 2007). It is found 
that post-injected petro-diesel fuel blended with 20% biodiesel (B20) could lead to as much as 
40% methyl ester accumulation on the cylinder walls (Kotrba, 2014). As mentioned above, 
biodiesel exhibits good lubrication properties. Such biodiesel dilution of the engine lubricant will 
be expected to improve the tribological performance along the piston ring-liner contact during 
engine operation. However, it was found that for petro-diesel fuel blended with 10% biodiesel 
(B10), biodiesel dilution level above 50% threshold could cause premature engine wear failure 
unless the engine lubricant is changed more frequently (Kotrba, 2014). 

To better understand the impact of engine lubricant dilution on the frictional losses and wear 
of an engine, it is essential to first understand the fundamentals of tribology. Assessment of 
friction and wear of lubricated contact can be done using tribometers (Farhanah and Syahrullail, 
2016; Nuraliza et al., 2016). Numerous studies have been conducted to determine the tribological 
impact that biodiesel dilution has on the performance of typical engine lubricants using 
tribometers (Maru et al., 2013; Maru et al., 2014; Hamdan et al., 2017). However, studies on the 
effect of coconut oil and soybean oil derived biodiesel diluting commercially available engine 
lubricant are limited. Therefore, the current study intends to determine the tribological 
properties of SAE10W40 grade engine lubricant diluted by coconut oil and soybean oil biodiesels 
at different volume fractions. The mixture of the selected biodiesels diluting the engine lubricant 
are tested using a pin-on-disc friction tester. From the friction test, it is expected that the severity 
of the selected biodiesel dilution of the SAE10W40 grade engine lubricant could be better 
understood in order to aid the optimization of lubricant design for engines running on biodiesel 
blended petro-diesel fuel.  
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2.0 MATERIALS AND METHODS 
 
2.1 Friction measurement 

The purpose of the study is to assess the frictional properties of SAE10W40 grade engine 
lubricant diluted at different volume fractions of biodiesel. The tested diluted volume fractions 
for coconut oil and soybean oil derived biodiesel are given in Table 1. The friction test is conducted 
using a pin-on-disc friction (schematic) tester as shown in Figure 1. The pin is made of cast iron 
with the wear disc being made from JIS SKD-11 tool steel. For each of the friction tests, an applied 
normal load of 20N is used with a wear track radius of 20 mm. 

 

 
Figure 1: Schematic diagram of pin-on-disc friction tester. 

 
The sliding velocity for the test is varied from 2000 rpm to 20 rpm with a running time of three 

minutes for each of the selected sliding velocities. This will give the equivalent wear disc linear 
sliding velocity between 4.2 m/s and 0.042 m/s, allowing for the contact to move from fluid film 
lubrication to mixed lubrication and then finally to boundary lubrication regime, generating the 
required lubrication Stribeck curve (see Figure 2). The measurement for lubrication Stribeck 
curve used in the current study is adopted from the method proposed by Kovalchenko et al. 
(2005). The rheological properties of coconut biodiesel, soybean biodiesel and SAE10W40 are 
given in Table 1 while the rheological properties of the diluted lubricant are summarized in Table 
2. The fatty acid methyl ester composition of the tested biodiesels is provided in Table 3.  

 

 
Figure 2: Lubricant regime (Stribeck curve). 
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Table 1: Properties of coconut biodiesel, soybean biodiesel and SAE10W40. 

Type of oils 
Kinematic Viscosity at 40 °C 
(mm2/s) 

Density (g/cm3) 

Coconut biodiesel (CME)  2.726 0.8636 
Soybean biodiesel (SME) 
SAE10W40  

4.019 
96.32 

0.8781 
0.8396 

 
Table 2: Rheological properties of biodiesel diluted SAE10W40 lubricant. 

Dilution 
level 
(vol-%) 

Soybean biodiesel Coconut biodiesel 

Density (g/cm3) 
Dynamic 
viscosity 
(mPa.s) 

Density (g/cm3) 
Dynamic 
viscosity 
(mPa.s) 

90 0.8743 6.03 0.8636 4.01 
70 0.8666 9.77 0.8583 6.74 
50 0.8589 17.49 0.8530 1.27 
30 0.8512 35.62 0.8476 2.83 
10 0.8435 85.99 0.8423 7.83 

 
Table 3: Fatty acid methyl ester composition of soybean and coconut biodiesel. 

Type of 
biodiesel 

Fatty acid methyl ester composition 

 8:0 10:0 12:0 14:0 16:0 16:1 18:0 18:1 18:2 18:3 
Soybean 0 0 0 0.1 10.3 0 4.7 22.5 54.1 8.3 
Coconut 8.3 6 46.7 18.3 9.2 0 2.9 6.9 1.7 0 

 
 

 
3.0 RESULTS AND DISCUSSION 
 
3.1 SAE 10W40 grade engine lubricant 

The friction test is conducted to measure the friction of the SAE10W40 grade engine lubricant 
at different sliding velocities between a stagnant pin and rotating wear disc on pin-on-disc 
tribometer machine. Figure 3 shows the friction force versus sliding velocity for the tested engine 
lubricant at room temperature. It can be observed that friction start to increase as velocity 
decreased. The measured friction value at EHL regime is around 0.9011 N. As the velocity reduces, 
the lubricant regime starts to shift from EHL to ML around 0.4 m/s to 0.2 m/s and finally reaches 
BL regimes. Along this lubrication regime, load carrying capacity and frictional properties are 
dominated by surface asperity interactions, separated only by thin boundary lubrication films 
(Hamdan et al., 2017). Using the tribological properties of the undiluted lubricant being 
characterised, the selected biodiesels (coconut and soybean) are then diluted with SAE10W40 
grade lubricant to investigate their respective frictional behaviour. 
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Figure 3: Friction force versus sliding velocity for SAE10W40 grade engine lubricant. 

 
3.2 Engine lubricant dilution by coconut biodiesel 

Figure 4 shows the complete dilution test of coconut biodiesel (CME) with SAE10W40 grade 
lubricant. It is found that, at zero percent of dilution, CME exhibits a lower friction value as 
compared to the diluted version. For the diluted biodiesel, with 50% of CME, the transition point 
from BL to dry contact region is smaller as compared to the 70% CME respectively. This might 
due to higher rupturability of boundary lubrication regime at these dilution levels that cause the 
premature of wear failure of machine elements thus as a result, creating lesser effective boundary 
lubrication film for these dilutions levels (Hamdan et al. 2017). It is also to note that higher sliding 
velocity (i.e. 4 m/s), friction forces measured for all levels of dilution are observed to already be 
in boundary lubrication regime with coefficient of friction around 0.1. This shows that the diluted 
lubricant by CME are not capable of forming effective fluid film layer, similar of either 
hydrodynamic or elastohydrodynamic lubrication, at such velocity. 

 

 
Figure 4: Friction force versus sliding velocity for SAE10W40 grade engine lubricant diluted at 
different volume fraction levels of (CME). 

 
Figure 5 and 6 depict the change of friction force with different levels of CME dilution with 

SAE10W40 grade engine lubricant at 4 m/s and 0.4 m/s. It can be observed that at any level of 
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CME dilution, the friction force is observed to increase when compared with the undiluted engine 
lubricant. For friction forces at 4 m/s, it can be observed that the friction force value peaks at 
dilution level of 50-vol%. However, no direct correlation between friction force and viscosity 
change can be observed with various levels of CME dilution of SAE10W40 lubricant.  

 

 
Figure 5: Friction force changes for SAE10W40 grade lubricant diluted at different volume 
fraction levels of CME at 4 m/s. 

 

 
Figure 6: Friction force changes for SAE10W40 grade lubricant diluted at different volume 
fraction levels of CME at 0.4 m/s. 
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3.3 Engine lubricant dilution by soybean biodiesel 
The second dilution test that has been investigated involves soybean biodiesel diluting SAE 

10W40 grade engine lubricant. Figure 7 illustrates the complete lubrication Stribeck curve for 
soybean biodiesel (SME), SAE10W40 grade lubricant and also the dilution of these mixtures. It is 
found that at 70-vol % and 90-vol% dilution level of SAE10W40 with SME, the measured friction 
force exhibits fluid film lubrication properties (coefficient of friction in the range of 0.05 at applied 
normal load of 20N). This is different from what has been observed for CME. However, for other 
dilution levels, no such fluid film lubrication properties have been observed. Also, for most the 
diluted lubricants (except at 90-vol% dilution level), the measured friction forces show the 
transition from boundary lubrication regime to dry contact properties. This is believed to be due 
to the fact that the boundary lubricant of such diluted lubricants is no longer capable of protecting 
the surfaces, thus, leading to dry contact. Figure 8 and 9 illustrates the friction force change with 
different volume fraction levels SME dilution on the tested engine lubricant at 4 m/s and 0.4 m/s. 
Similar to CME dilution, friction force is shown to increase for all the tested levels of SME dilution. 

 

       
Figure 7: Friction force versus sliding velocity for SAE10W40 grade engine lubricant diluted at 
different volume fraction levels of SME. 
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Figure 8: Friction force changes for SAE10W40 grade lubricant diluted at different volume 
fraction levels of SME at 4 m/s. 

 

 
Figure 9: Friction force changes for SAE10W40 grade lubricant diluted at different volume 
fraction levels of SME at 0.4 m/s. 
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CONCLUSION 
The study investigated the tribological impact on SAE10W40 engine grade lubricant, with 

increasing coconut biodiesel and soybean biodiesel dilution level using a pin-on-disc tribometer 
machine. The friction force is measured against sliding velocity of the undiluted and diluted 
engine lubricants demonstrated in Stribeck curve lubrication regimes. Under the test conditions 
for the selected study, it is found that dilution has increased the friction force value for both CME 
and SME. This corresponds to the reducing load carrying capacity of the lubricated contact, 
resulting in an easier rupturability of the lubrication film. This could lead to higher friction along 
the BL regime, which will possibly induce significant material wear. SME at zero dilution 
measured is found to be correlate with SAE10W40 engine grade lubricant. 
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