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Abstract: This paper presents a study on the effect of the mixed volume fraction of Jatropha curcas
Oil (JCO) and Olea europea or extra virgin olive oil (EVOO) on the physical properties of the oil,
especially viscosity, density and water content. This study also presents the mechanical properties
examination result, especially its effect on the wear rate of the pin on disc tribometer results on ST 41
steel specimens, using optical microscopy. The independent variables used were variations of the oil
mixture: 0, 20, 40, 60, 80 and 100% EVOO. With the increase in the percentage of the EVOO mixture
in JCO, the density decreases. The result of water content in a higher percentage of JCO, the higher
the water content value of 0.1217%. Pure JCO has the higher viscosity value of 1.9084 m2/s. The
higher the percentage of JCO, the lower the wear rate value obtained. In the tribometer test, the pin
on disk mixture of pure JCO has the lower wear value of 5.09 m2/s.

Keywords: lubricant; Jatropha curcas oil (JCO); extra virgin olive oil (EVOO); density; wear rate; viscosity

1. Introduction

Bio lubricant is mainly made from vegetable oils such as sunflower, coconut, Jatropha,
rapeseed, and palm, while fuel oil is also acceptable for biolubricant production. Synthetic
esters and petroleum products that fulfil biodegradability and toxicity criteria can also be
used to manufacture biolubricants [1]. Jatropha curcas Linn oil (JCO) has a high percentage
of FFA so that it can be produced to make bio lubricants, it was found that the bio lubricant
produced is comparable to the ISO VG-46 commercial standards for light and industrial
gears applications and other plant based bio lubricant [2]. Because of the fatty oil content,
JCO may also be used as metal working fluid [3]. In previous study, superior seeds of
Jatropha curcas Linn—which are drought resistant, have high productivity, and contain
relatively free fatty acid FFA <4%—were developed and cultivated [4]. The physicochemical
properties of JCO are a viable alternative in metal cutting fluids compared with others
edible oils. The physicochemical properties and better flash point and viscosity value of
JCO oil were found to be suitable properties for coolant-lubricant applications [5]. It was
also applied on steel ST41 with the ratio of the mixture of Jatropha Curcas Oil (JCO) with
mineral lubricants, namely 90:10, 80:20, and 70:30. The optimum result obtained is at a
ratio of 70:30 where the wear rate of 9.61 m2/s [6]. When JCO mixed with the potential
of carrier oil, it gave the result that EVOO (extra virgin olive oil) and SFO (sunflower oil)
have the potential to be used as carrier oil in the pre-treatment process of JCO as lubricant.
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This is because, the results of the viscosity and density of the mixture of JCO with the two
oils that are used as carrier oil make the density and viscosity of JCO also decrease [7]. The
modernization of Pongamia and Jatropha curcas oil (JCO) as direct cutting fluids has great
potential for use as environmentally friendly and biodegradable metal cutting fluids [8].
JCO provides excellent lubrication reducing the coefficient of friction [9]. The lubrication
capacity is important for friction between the tool and the work piece and hence affects the
tool wear behavior and the surface quality of the work piece just as JCO can be used as
metalworking fluids [10]. It was observed that the Jatropha vegetal cutting oil presented
the best results in relation to requirements for lubrication, superficial mean roughness
(index Ra) and shape errors in relation to the other oils in both the techniques to apply
fluid which were tested [11].

Lubrication is one of the complementary systems on a vehicle or production tool with
the aim of regulating the lubricant to the moving parts of the engine. Mangas stated that
the term “lubricants” refers to a wide variety of products characterized by hundreds of
basic chemicals and additives [12]. Lubricating oils can be mineral based or synthetic.
Mineral based oils are more widely used than synthetic oils. Lubricants are one of the
factors that can reduce wear on the surface of the material. Wear is defined as the loss of
material from the surface of a solid object as a result of mechanical motion. “Wear and
tear” is generally a loss of material that arises as a result of the mechanical interaction
of the two sliding moving surfaces. This is a normal phenomenon that occurs when two
surfaces rub against each other, then there will be wear or displacement of the material.
Wear and tear can be affected by the load factor, lubrication, the length of the track, and the
properties of the material. So far, the most widely used lubricant is mineral oil, which is a
mixture of several types of petroleum; besides that, it can also be used as a base lubricant
type of vegetable oil, or synthetic oil derived from petroleum or vegetable oil. Mineral
lubricants from petroleum will one day run out, so we need to find alternative lubricants
from renewable sources. Lubricants made from vegetable oil from Jatropha, palm oil, corn,
soybeans and others can be used as renewable lubricants. In this study, Jatropha plant
was used with a mixture of olive oil as an alternative lubricant. Jatropha curcas (Jatropha
curcas Linn) is a woody shrub that is commonly found in the tropics. Although it has long
been known as a medicinal and toxic agent, nowadays it is gaining increasing attention
as a source of biofuels for diesel engines and lubricants due to its oil content [13]. Olive
oil is oil that is extracted from the fruit of the olive tree, (Olea europea L.). Olive oil is
almost unique among vegetable oils in that it can be consumed without refining treatment.
Their moderate degree of unsaturation is considered nutritious is preferable to the high
saturation or unsaturation level of many other vegetable fats and oils [14].

2. Materials and Methods

This study used JCO which extracted from seed of JCUMM5, a superior variety of
Jatropha curcas Linn (JCL) cultivated by researchers from University of Muhammadiyah
Malang (UMM), as a based oil, which is drought resistant, high productivity, and contains
free fatid acid (FFA) <4% [4]. Directly, the availability of these varieties is used as a
source of seeds and seeds from crosses in the Jatropha restoration program. Jatropha is an
energy crop, grows seed with high oil contents, provide high oil yield, and provides oil
of high quality [15]. In addition, Jatropha oil has a potential as a basic lubricant over other
energy sources. Talib [16] stated that the viscosity of oils affects the coefficient of friction
and wear scar diameter. Moreover, Talib described that the machining performance of
modified Jatropha oil (MJO) was comparable with synthetic ester (SE) in terms of cutting
force and maximum cutting temperature. It concluded that MJO significantly improved
the lubricating effect, thus it becomes a suitable candidate to substitute synthetic ester as a
machining lubricant. This allows Jatropha oil which includes vegetable oil to be used as an
alternative to basic lubricants, as well as being used as bioethanol and a diesel fuel capable
of providing specific fuel consumption figures [17] (specific fuel consumption) higher than
that given by standard bio solar [18].
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Olea europea or extra virgin olive oil, called EVOO, consists of the glycerol fraction
(90–99% from olives) and non-glycerol (0.4–5% from olives) containing phenolic com-
pounds. EVOO’s glycerol fraction consists of monounsaturated fatty acid (MUFA), polyun-
saturated fatty acid (PUFA), and saturated fatty acid (SFA), while the non-glycerol fraction
consists of phenolic compounds (hydroxytyrosol, oleuropein, caffeic acid, coumaric acid,
vanillic 13 acid), α-tocopherol, squalene, chlorophyll (color pigment), and β-carotene which
function as antioxidants [19].

This study conducted a mixed JCO and EVOO in a composition of 0%, 20%, 40%, 60%,
80% and 100% followed by physical and mechanical testing. Physical testing includes tests
for density, viscosity and percent water content. Mechanical tests are carried out using a
tribometer test and then a microscope observation is carried out to calculate the wear rate.
A detailed of the physical and mechanical testing is presented in Figure 1.

Figure 1. Research flowchart.

To acquire physical properties of the blend, several tests were conducted. Viscosity
of the blend was measured by using an Ostwald viscometer. The viscometer was heated
to 100 ◦C for 2 h. After it was cooled off then the viscometer was set up. When the set
up was ready, then oil blend was measured for its viscosity. Density was determined thru
pycnometer. At first, the pycnometer was dried up by heating up to 70 ◦C for 30 min. After
it was cooled off, the pycnometer was put on analytical scale. The blended oil then poured
into pycnometer and the weight was measured. Water content was obtained by analysis
of moisture thru evaporating water in the oil by heating in the oven. The heating process
took 24 h to make sure all of water was evaporated. By comparing weight of oil before
heating and after at room temperature, the water content can be acquired. The viscosity
and density, the measurement was replicated 3 (three) but for water content test only had
one measurement.

Tribometer test was conducted by pin-on-disk tribometer. Specimen was coated by
0.5 mL of blended oil every 5 min. The load applied for the test was 5 N, sliding speed was
1.0 m/s and the sliding time for the test was 10 min, track radius (R) and turning speed
(ω) were constant. The wear track then examined and photographed. ST41 (Ra < 0.4 µm)
samples of 90 × 90 mm2 and thicknesses 2.0 mm were selected as disk, seen in Figure 2.
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Track measurement was replicated 5 (five) times. For the research, the JCO was freshly
squeeze from the seed but EVOO was purchased from the market.

Figure 2. (a) ST41 disks and (b) the motion diagram.

3. Results

The physical properties of bio-oil mixture between JCO and EVOO were investigated,
such as water content, kinematic viscosity, and density. The oil mixture then applied to the
pin on disc tribometer test. Furthermore, the result of wear track was observed using an
optical microscope.

3.1. Water Content

Water content is the difference between the weight of the bio-oil before and after
heating. When placed in open air, its water content will balance with the humidity of
the surrounding air [20]. In determining the water content uses the drying method or it
can be called the oven method, where this method is to remove water in the test material
by heating it in an oven with a temperature reaching 105 ◦C [21] The formula used to
determine the value of the water content is:

water content =
weight o f contents be f ore oven − weight o f contents a f ter oven)

(weight o f contents be f ore oven)
× 100 (1)

The results from testing the water content of the oven or drying method, with a
temperature of 100 ◦C for 24 h is following formula above, the resulting data is presented
in Table 1.

Table 1. Result of water content test.

EVOO Percentage (%) Water Content In %

0 0.1217
20 0.1023
40 0.0806
60 0.0583
80 0.037
100 0.026

According to Figure 3, it can be seen that the water content reduced from 0.0226–0.1217.
At 100% JCO, there is a fairly high water content of 0.1217 and the lowest is at 100% EVOO.
The higher the oven temperature, the faster the material needs to evaporate. The decrease
in water content is proportional to the oven time, the longer the oven time, the less water
content in the material [21]. It is also described that, an oil that has been processed at a
certain temperature still has water in it, and this water content can affect the storage life
and viscosity of the oil. Water content may also be affected by moisture from the air when
storage of an oil is not maintained properly.
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Figure 3. Water content of mixed Jatropha curcas oil (JCO) and extra virgin olive oil (EVOO).

3.2. Density

The specific gravity and density measure were performed according to American
Society for Testing and Materials (ASTM) standard test methods ASTM D 369 and D 891
for pycnometer [22]. A pycnometer is a tool used to measure the density value or density
of the fluid. The formula used is:

ρ = m/v (2)

where ρ is density (g/mL), m is mass (g), and v is volume (mL). The result of density test is
presented in Table 2.

Table 2. Result of density test.

EVOO Percentage (%) Density (g/mL)

0 0.9190
20 0.9188
40 0.9185
60 0.9184
80 0.9182
100 0.9179

According to Figure 4, it can be concluded that each oil has a different density. The
highest density value was pure JCO 0.9190 gr/mL with the lowest was pure EVOO
0.9179 g/mL. According to [23] that density is also influenced by a temperature and
viscosity contained in an oil, because the characteristics of each oil are different. In addition,
the study reported and concluded that the decrease in density on the graph is due to the
effect of the viscosity of the oil. Compared data for density as a function of temperature
measured by Noureddini, for a number of vegetable oils (crambe, rapeseed, corn, soybean,
milkweed, coconut, lesquerella), as well as eight fatty acids in the range C8 to C22 at
temperatures from above their melting points to 110 ◦C (230 ◦F), it found that density of
pure JCO in between both coconut and lesquerella in the room temperature [22].
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Figure 4. The density of mixed JCO and EVOO.

3.3. Viscosity

For such a purpose, there are many measurers of oil viscosity, e.g., the coriolis, pos-
itive displacement type turbine measurers and also the simple Ostwald viscometer [23].
Determination of viscosity using the Ostwald viscometer is done by measuring the time
required for a fluid or liquid to flow in the capillary tube from point A (higher point) to
point B (lower point). From the theory [24], the viscosity formula uses the following:

η2 = (η1 × ρ2 × t2)/(ρ1 × t1) (3)

where η2 is kinematic viscosity (m2/s), η1 is viscosity comparison (m2/s), ρ1 is density
comparison (gr/mL), ρ2 is density of sample measured (gr/mL), t1 is time comparison (s),
and t2 is time of sample measured (s).

The results of the viscosity test using the Ostwald viscometer, the temperature used
was 40 ◦C. This test is to determine the time taken at line A to B as an input for calculation
in Equation (3) to obtain the kinematic viscosity value. The results of the calculation is
presented in Table 3.

Table 3. Result of kinematic viscosity test.

EVOO Percentage (%) Kinematic Viscosity (m2/s)

0 1.9084
20 1.8864
40 1.8489
60 1.8057
80 1.7878
100 1.6159

According to Figure 5, the highest viscosity value at 40 ◦C is pure JCO with a time of
3.26 s with a viscosity of 1.9084 m2/s (Cst) and the lowest is pure EVOO of 2.77 s with a
viscosity of 1.6159 m2/s (Cst) with a low to high concentration of EVOO, the viscosity value
decreases. In the level of wear and tear, a lubricant with a high viscosity value is needed
because the viscosity value is a dominant role in lubricants. According to [25] viscosity is
the most important property for lubricants because it is to determine the amount of friction
to be faced between two friction surfaces and to reduce wear. Lubricants with greater
viscosity result in a greater viscosity ratio and lower wear rates. A similar strong effect of
lubricant viscosity has also been observed previously for surface fatigue life. According to
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studies [26] that the wear rate is closely related to the viscosity of lubricants. This is also
due to an increase in temperature which forms an oxide layer at a higher friction rate which
protects it from wear. Lubricant is spread evenly on the surface it will fill the space between
the two surfaces so that a layer is formed that can help the surfaces to move with each other,
thereby reducing wear rates [27]. JCO and EVOO each have different kinematic viscosity
values. Although the basic bond between the two is the same, namely triglycerides, both
oils have different macromolecular and micromolecular components. JCO contains more
macromolecules than EVOO, so that the viscosity value of JCO can be seen to be higher
than EVOO. The mixture of both JCO and EVOO, according to the percentage specified
above will create a mixture of macromolecules and micromolecules. So, the mixing resulted
a lower kinematic viscosity when compared to the pure viscosity of JCO.

Figure 5. Kinematic viscosity of mixed JCO and EVOO bio-oil.

3.4. Tribometer Pin on Disk

The tribometer is a tool used to determine the wear and tear of a material between
two contact surfaces. In the last research shows the wear on the material and is usually
used to determine the strength and longevity of an object in contact [28]. In this case the
disc refiner material is a type of corrosion wear, where corrosion wear is a type of wear
that occurs due to friction that occurs in corrosive environments [29]. The wear resistance
test [30] was obtained by the Ogoshi–Reiken method and expressed in Equation (4):

Ws = (B × b3)/(8 × r × Po × Io) (mm3/kg) (4)

where Ws is wear rate surface (mm3/kg), B is the disc width of the wearer (mm), b is the
width of the scratch on the test object (mm), r is wear disc radius (mm), Po is compressive
load at the time of wear (kg), lo is long distance of scratch process (mm), Io = L × n × t, L
is circumference (L = 2 × π × r), n is number of rotation, and t is time.

To determine wear by calculating the scratch width, which measured using an optical
microscope, as presented in Figure 6. Table 4 presented the track width obtained then put
into Equation (4), the result present in a table of the relationship between the wear rate and
the ratio of the lubricant mixture as presented in Table 5.
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Figure 6. The track width of tribometer test resulted from lubrication of. (a) 0%, (b) 20%, (c) 40%, (d) 60%, (e) 80% and (f)
100% of EVOO.
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Table 4. Track width measurement result.

EVOO Percentage (%) Track Width (µm) Rate (µm)

0 239.07 244.43 239.23 221.23 265.84 241.96
20 268.51 240.86 225.69 223.02 258.70 243.36
40 232.83 234.61 246.21 251.58 253.35 243.72
60 253.35 241.75 246.21 264.05 247.10 250.49
80 243.54 272.97 279.22 252.46 252.46 260.13

100 268.51 266.73 293.49 273.87 272.08 274.94

Table 5. Result of wear rate.

EVOO Percentage (%) Wear Rate × 10−8 (mm3/Nm)

0 5.09
20 5.19
40 5.21
60 5.66
80 6.33
100 7.48

According to Figure 7, it can be seen that with the increasing of EVOO percentage in
the JCO, it increases the wear rate. In addition, the pure 100% JCO, has the lower wear rate
is in accordance with the viscosity rate. This is because when applying force to the pin,
the force touches the disc is one of the factors causing wear, the wear rate decreases with
increasing friction coefficient, it will affect the height of the pin touching of the rotating
disk [31,32].

Figure 7. The wear rate of tribometer test result.

In tribometer testing research, the characteristics of wear are related to the hardness
value of the specimen. The higher hardness has less abrasive material characteristic. The
wider the wear marks, the higher the volume of material released from the test object. Less
abrasive material means that it has high wear resistance. The impact of these wear traces can
be reduced by providing lubrication on the surfaces of objects that are in contact or rubbing
against each other, as well as the data obtained from the results of this study. According
to [33] generally the viscosity of lubricating oil affects the power loss caused by friction and
the amount of wear, to increase the anti-wear characteristics, it is better to choose lubricating
oil that has high viscosity. However high viscosity can cause excessive power losses with
the addition of additives increasing the service life and imparting additional performance
characteristics to the lubricant, such as better flow, modified friction, and resistance to
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oxidation, extended pressure or temperature stability [34]. Compared to the polyalkylene
glycol (PAG) oil, a commercial lubricant commonly used for conventional compressor
in which it wear rate was 10−9 (mm3/Nm) [35], the performance of the examined bio-
lubricant still need to be improved in order to be worthy as an alternative lubricant and
the goal to reduce dependency on petroleum-based products can be reached.

4. Conclusions

A study on an alternative bio-lubricant, JCO, has been presented. The study includes
the physical properties and wear rate. It is found that with the increase in the percentage
of the EVOO mixture in JCO, the density of JCO decreases. The result of water content in a
higher percentage of JCO is the higher water content value. The more the percentage of
EVOO mixture in JCO, the lower the viscosity value. The higher the percentage of JCO,
the lower the wear rate value obtained. This proves that viscosity is the most important
property for lubricants because it is to determine the amount of friction to be faced between
two friction surfaces and to reduce wear. Lubricants with greater viscosity result in a
greater viscosity ratio and lower wear rates.
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