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TRIBOLOGICAL EXPERIMENTATION WITH JATROPHA BIOFLUID
AND NANOPARTICLES AS LUBRICANT ADDITIVES

Summary

The use of vegetable oils as lubricants in automobiles is rapidly increasing due to the
prevailing environmental aspects. Vegetable oils are also suitable for other applications because
they come from renewable and sustainable natural sources and have high biodegradability and
low toxicity. Nanoparticles have been extensively investigated for a long time as potential
performance improvers of traditional antifriction and antiwear additives because of their inherent
properties such as size and shape. The primary aim of the study is to investigate the use of jatropha
oil mixed with graphite, molybdenum disulfide (MoS:), and titanium dioxide (TiO2) nanoparticles
as a nanoparticle biolubricant. The nanoparticles of graphite, molybdenum disulfide, and titanium
dioxide are added in varying weight percentages to jatropha oil and a tribological analysis is
carried out using a pin-on-disc tribometer. The analysis is focused on tribological quantities, such
as coefficient of friction, wear volume, and frictional force. The experiment was carried out for 5
minutes under varying loads at different disc speeds. At an optimum concentration of
nanoparticles, the coefficient of friction, frictional force, and the wear rate were found to have the
lowest values, but when the level of nanoparticles increases above the optimum level, the friction
coefficient and wear rate seem to be increased. The pin-on-disc experiments revealed that
nanographite powder mixed in jatropha oil gives better tribological performance than the other
two tested nanopowders. Subsequently, multiple regression models are developed using input and
output variables. A non-linear fit between the response and the corresponding significant
parameters is considered.

Key words: Lubrication, Jatropha oil, Graphite nanoparticles, Molybdenum disulfide
(MoS>) nanoparticles, Titanium dioxide (TiO2) nanoparticles, Wear,
Frictional force, Coefficient of friction.

1. Introduction

Recent years have seen the use of various types of lubricating oils including mineral oils,
synthetic oils, refined oils, and vegetable oils. Most lubricants are based on mineral oils, extracted
from petroleum, which are not eco-friendly due to their inherent properties of toxicity and non-
biodegradability [1]. The increasing oil prices, the depletion of crude oil reserves in the world,
and the demand to protect the environment against pollution caused by lubricating oils and their
uncontrolled deposition have renewed interest in developing and using alternative lubricants. Bio-
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based lubricating oils are perceived as alternatives to mineral oils because they possess certain
natural mechanical properties and they are biodegradable. When compared with mineral oils,
vegetable oil-based lubricants exhibit higher lubricity, higher viscosity index (VI), higher flash
point, and lower evaporative losses [2—7]. Both the boundary and the hydrodynamic lubrication
can be obtained from bio-based lubricants due to their long fatty acid chains and inherent presence
of polar groups in the structure of vegetable oils [8—11]. Vegetable oils can be obtained from oil-
containing seeds that are available throughout the world. According to some reports, 350 oil-
bearing crops are available worldwide. Examples include jatropha [12], karanja, neem, rice bran,
rapeseed, castor, linseed, mahua [13], palm [14], sun flower, coconut, soybean, olive, and canola
[15]. Vegetable oils can be edible and nonedible. Many researchers have reported using vegetable
oils as engine fuel, but only a few have reported using vegetable oil-based lubricants for
automotive applications. In the last few decades, numerous research papers have discussed the
use of biolubricants as alternatives in automotive applications. However, only a few of these
papers have analysed and reviewed biolubricants. Numerous researches have been investigating
the effect of nanoparticles added to the lubricant. Researchers have investigated the antiwear and
antifriction properties of nanolubricants, and have observed specific fuel consumption and fuel
economy while using nanolubricants for automotive engines. Their observations reveal lower
specific fuel consumption when nanolubricants are used. The use of nanolubricants also leads to
improved fuel economy and lower energy consumption, which in turn reduces the greenhouse
gas emissions. [16-20]

In general, majority of studies agree that nanoparticles improve the tribological properties
of a lubricant deposited on a contact area. A quantity of nanoparticles added to lubricants
enhance their tribological properties. The nanoparticles that are present in the lubricants may
enter the gap between the interacting surfaces of the tribopair in action, thereby causing
reduction in wear. Nanolubricants possess enhanced thermophysical properties (thermal
conductivity, in particular) which aid in carrying away the heat generated due to excessive
friction [16, 21-24]. The main classes of nanoparticles are carbon-based nanoparticles, metal
nanoparticles, metallic alloy nanoparticles, ceramic nanoparticles, semiconducting material-
based nanoparticles, polymeric nanoparticles, composite nanoparticles, and lipid-based
nanoparticles. The general types of nanoparticles used for dispersion into fluids are
molybdenum disulphide (MoS:z), hexagonal boron nitride (h-BN), aluminium oxide (Al203),
copper oxide (CuO), diamond, tungsten disulphide (WS2), zinc oxide (ZnO), silver (Ag), and
titanium dioxide (Ti02) [25-28]. However, carbon-based nanoparticles are widely used due to
their inherent properties. The combination of their physical and mechanical properties results
from the hexagonal arrays of SP? hybridized carbon atoms. Specifically, the carbon-based
nanoparticles comprise single and multi-walled carbon nanotubes, fullerenes, nanodiamonds,
and graphene [29, 30]. Various factors to be considered in the use of nanoparticles as additives
in lubricants are the size, shape, hardness, and the weight percentage of nanoparticles. The size
of nanoparticles ranges mostly between 0 and 100 nm.

Thus, in this paper, the tribological characteristics and compatibility of nonedible jatropha
oil-based biolubricant in automotive applications. The reason for selecting the jatropha oil as a
feedstock is that it is a nonedible oil and the plant has the advantage of growing even on
marginal land.

2. Preparation of nanoparticle biolubricant using ultrasonication

Preparation of nanoparticle biolubricants involves a number of steps. The major
challenge is the agglomeration of nanoparticles. This effect is dealt with by the process of
sonication which reduces the agglomeration. The present study involves the use of jatropha oil
as a biolubricant instead of conventional lubricants which are hazardous. The properties of
jatropha oil are given in Table 1.
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Table 1 Properties of jatropha oil

Parameters Jatropha oil
Density at 40°C 0.936 g/cm?
Viscosity at 40°C 16.5 cSt
Flash point 225+4°C
Fire point 240+4°C

Jatropha oil was mixed with nanoparticles in a size of 15-30 nm in a given weight ratio
calculated by Eq. 1. The size of nanoparticles was analysed using a scanning electron
microscope. The nanoparticles in weight percentages of 0.25 and 0.50 % were added to the oil.
The mixture was subjected to ultrasonication for a period of 4 hours in order to mix the
combination properly and prevent agglomeration.

( Wtofgraphitenanoparticles)

Weight Percentage = [

1x100 (1)
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Fig. 1 Ultrasonicator for mixing nanoparticles Fig. 2 Jatropha oil with nanopowder after
with the base oil sonication

3. Experimental methodology

The experimentation involved the measurement of frictional force, wear, and coefficient
of friction. Various input parameters are considered for the purpose of experimentation. A pin-
on-disc tribometer, with a load carrying capacity of approximately 100 N and a speed range of
200 to 2000 rpm, is used in this study (Fig. 3). This wear testing machine facilitates the study
of friction and wear characteristics in sliding contacts; in this machine, sliding occurs between
the stationary pin and the rotating disc, while the normal load, rotational speed, and wear track
diameter are the variables to meet the test conditions. The frictional force and wear are obtained
by the use of inbuilt electronic sensors.

Specifications of the machine are shown in Table 2.

Table 2 Specifications of pin-on-disc tribometer

No. Parameter Working Range
1 Wear track diameter Min: 40 mm; Max :140 mm in steps of 2mm
2 Disc speed Min: 200 rpm; Max: 2000 rpm in steps of lrpm
3 Normal load Min:0.5 kg; Max: 20 kg in steps of 0.5 kg by weights
4 Frictional force Min: 0.1 N; Max: 200 N; least count 0.1N
5 Wear Min: 0 um; Max: 2000 pum; least count 1pum
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Experiments were carried out for 5 minutes with loads of 5 kg and 10 kg. The rotational
speeds considered for the experimentation using a pin-on-disc tribometer are 1000 and
1500 rpm. Wear, frictional force and coefficient of friction of the tested nanoparticle
biolubricant were analysed. The additional parameter considered for the analysis is the particle
size of the nanopowder mixed with the oil. The particle size considered is 15-30 nm.

Fig. 3 Pin-on-disc tribometer

4. Results and discussion

The results of experiments are discussed with respect to wear, frictional force, and
coefficient of friction. The nanopowders mixed with jatropha oil are graphite, molybdenum
disulphide (MoS2), and titanium dioxide (TiO2). The following weight percentages of the
nanopowders are added to jatropha oil in the experiments conducted here:

(1) Jatropha oil
(1) Jatropha +0.25% graphite,
(ii1) Jatropha + 0.25% MoS2,
(iv) Jatropha +0.25% TiOz,
(v) Jatropha + 0.5% graphite,
(vi) Jatropha + 0.5% MoSa2,
(vii) Jatropha + 0.5% TiO2
The experimental values are evaluated with respect to time.

4.1 Wear characteristics

Wear characteristics of different nanoparticle biolubricant samples were tested under
different load and speed conditions. Figures 4 (A) and 4 (B) show the wear characteristics with
respect to the increase in speed of the disc from 1000 rpm to 1500 rpm at a constant load of 5
kg. Figures 4 (C) and 4 (D) show the wear characteristics with respect to the same increase in
speed at a constant load of 10 kg.
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Fig. 4 Effect of lubricants on wear rate

It can be observed that with the use of nanocrystalline graphite as an additive to the jatropha
biolubricant, there is a decrease in the wear rate irrespective of the load conditions and the speed
of the disc. Figure 4(A) shows that the average wear rate for pure jatropha oil is 8.82 mm*/Nm
and for the jatropha oil with 0.50% graphite it is 2.91 mm?/Nm. This shows that there is a decrease
of 67% in the wear rate when 50 % of graphite is added to jatropha oil. A similar decrease in wear
rate of 69.7 % is noted at a load of 5 kg and a disc speed of 1500 rpm. It is observed that in all the
cases of applied load and disc speed, pure biolubricant exhibits higher wear rates than the
biolubricant with added nanopowders. It is observed that the mixture of nanographite powder and
the biolubricant exhibits lower wear values than the mixtures of the biolubricant and molybdenum
disulphide (MoS2) or titanium dioxide (TiO2) nanopowders; the wear rate decreases with an
increase in the percentage of added nanopowder. The other parameter to be observed is the
increase in the wear rate when the load applied is lower and the speed of the disc is kept low.

From the results shown in Fig. 4, one can see that the degree of wear shown on the disc
using a nanoparticle lubricant is much smaller than that of the wear shown on the disc using
pure biolubricant. The use of biolubricant with nanoparticles resulted in a greater wear
reduction than that of pure biolubricant. Better antiwear effects in the case of nanolubricants
are closely related to the formation of tribofilm on the contact area of the pin and the disc.

4.2 Frictional force characteristics

The frictional force measured during the experiment is shown graphically in Fig. 5. The x-axis
indicates the time considered in the experiment and the y-axis shows the frictional force in N.
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The experiment was carried out are at two different loads and two different disc speeds. Figure 5
(A - D) shows the experimental values of the frictional force under the stated input conditions.
At a constant load of 5 kg and a speed of 1000 rpm, it is found that there is a decrease of 18.3 %
in the frictional force when jatropha oil mixed with 0.5 % nanographite powder is used,
compared to the use of pure jatropha oil. Similarly, there is decrease in the frictional force when
the load and speed conditions specified in section 3 are applied and experimentations are carried
out. As the disc speed increases, it is observed that the frictional force decreases.
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Fig. S Effect of lubricants on frictional force

4.3 Coefficient of friction characteristics

Coefficient of friction experimental values are presented in the form of graphs taking into
account different input variables. Experiments were conducted using three different types of
nanopowders mixed in the jatropha biolubricant. Figure 6 shows the experimental values
obtained under loads of 5 kg and 10 kg, at speeds of 1000 and 1500 rpm. It is observed that
graphite mixed in jatropha oil at a concentration of 0.5% gives the best output.

Ata speed of 1000 rpm and a load of 5 kg, it is observed that the the coefficient of friction
decreases by 32.8 % when compared to the use of pure jatropha and 0.5% of nanographite
mixed in jatropha. However, when the speed increases to 1500 rpm, the coefficient of friction
decreases by 45.3 %. It is evident that the coefficient of friction decreases with the increase in
the disc speed. The use of nanographite particles at a weight percentage of 0.5% exhibits a
lower value of coefficient of friction than that of other nanopowders mixed in jatropha.
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Fig. 6 Effect of lubricants on the coefficient of friction

5. Mathematical Correlation of Experimental Parameters

In order to obtain a quantitative relationship between the inputs and the output, modelling
is carried out for the tribological process. Experimental results obtained during the tribological
experimentation are used to model the various responses using multiple regression analysis. A
nonlinear fit between the response and the corresponding significant parameters is considered.
A commercially available mathematical software package, SPSS Statistics, was used for the
computation of regression constants and parameters. The responses measured were wear rate,
frictional force, and coefficient of friction.

Multiple regression analysis is a practical, economical and relatively easy to use method
that is widely used for modelling and analysing experimental results. The mathematical models
created for the tribological experimentations, with the parameters under consideration, are
represented by:

Y =f(L.,S.T,W) )

where Y is the tribological response, f is the response function, and L,S,T,W are the input
parameters (L - load applied, S - speed in rpm, T - time, and W - weight percentage). Equation
(2) 1s expressed in nonlinear form as

Y=A+(@LxB)+(SxC)+(TxD)+(WxE) 3)

The following mathematical models are formulated in the present study:
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Wear=A1+ (L xB1))+(SxCi)+(TxDi)+(WxE) 4)
Frictional force = A>+(L x B2)+(S x C2)+(T x D2)+( W x E2) (5)
Coefficient of friction=A3+(L x B3)+(S x C3)+(T x D3)+(W x Es3) (6)

The constants and parameters are found using multiple regression analysis with the help of
experimental results. The equations for the output variables in terms of the input parameters are
shown in the equations below:

Wear =5.162-+(L x 1.148)—(S x 0.003)+(T x 0.008)—(W x 13.216) (7)
Frictional force=2.039+(L x 0.057)+(S)+(T)~(W x 0.772) (8)

Coefficient of friction=0.036+(L x 0.002)—(S x 1.14E-005)+(T x 2.83E-005)—(W x 0.024)  (9)

The coefficient of determination which provides a measure of how well the observed
outcomes are replicated by the mathematical model is shown in Table 3.

Table 3 Coefficient of determination (R?)

Dependent parameter R? value obtained Adjusted R? value, calculated
Wear 0.901 0.889
Frictional force 0912 0.902
Coefficient of friction 0.840 0.821

6. Conclusion:

Pin-on-disc experiments were carried out to determine the tribological performance in
terms of friction and wear behaviour of various nanoparticles mixed with the biolubricant
jatropha. Some important conclusion can be drawn in accordance with the wear tests conducted
with a pin-on-disc configuration. An experiment for different conditions based on variations of
different parameters was studied. Three types of nanopowders were investigated; it has been
observed that nanographite powder added to jatropha oil is best suited as lubricant additive. The
regression analysis has given the empirical relation between the input variables and the output
variables.
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