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Abstract

Lubrication is necessary to minimise the frictional impact created during the running of a vehicle since it increases wear and
friction among the parts in contact. Wear and friction shorten the component's life, decrease its dependability, and raise
maintenance costs. The current study uses a tribo tester to examine the friction and wear properties of rapeseed biodiesel at fixed
parameters. The investigated lubricants included BO (diesel), B100 (biodiesel), and four distinct blends of biodiesel: B15, B30,
B45, and B60. Analysis was done for one hour at ambient temperature with a standard load of 140 N at a speed of 1000 rpm. The
outcome showed that as the concentration of biodiesel augmented, friction and wear scar get reduced. The aluminium pin wear in
B100 appeared 16% less than that in diesel. Also, the presence of esters and fatty acids during Fourier transform infrared analysis
of biodiesel contributes more to its possibilities as a lubricant.

Keywords- Biodiesel, Rapeseed oil, Friction, Wear, Load.

1. Introduction

The need has pushed the effective operation of petroleum refinery products for industrial and home use
for energy. For day-to-day operation, all alternative energy sources that are produced from renewable
sources still need a source from petroleum-based products (Xiao et al., 2019; Vimali et al., 2022).
However, the constant need for the products coupled with the scarcity of traditional fuel has forced
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investigators to devise a process of producing fuel products available as and when required. This can be
accomplished by looking for alternative fuel sources to replace conventional fuel because the byproducts
of refineries have a problem with having greenhouse effects (Singh et al., 2021; 2021b). One of the
promising alternative fuels and sustainable options for addressing these energy challenges is biodiesel,
produced from renewable sources such as vegetable oils and/or waste cooking oil. It is made up of various
fatty acids (Singh et al., 2020).

Regarding the attributes of the fuel and how it burns, biodiesel and petroleum diesel are identical.
However, there are some technical advantages over petroleum diesel and some limits because of chemical
variations. The biodegradability, higher flash point, high cetane number, etc., are among biodiesel's most
frequently cited benefits over petroleum diesel (Cardone et al., 2002; Arumugam and Sriram, 2012).
According to reports, clean biodiesel has more lubricity by nature than petroleum diesel. Due to these
advantages, biodiesel is becoming more and more popular, yet several substantial disadvantages have
restricted its commercial application. Among the main issues are injector coking, filter clogging, and
reactivity of unsaturated hydrocarbon chains. Many of these issues may also affect the friction and wear
of various engine parts that come into contact with biodiesel while sliding (Ghobadian et al., 2009; Gupta
and Agarwal, 2021).

A recent study has examined biodiesels' wear characteristics utilizing various tribometer methods. Fazal
et al. (2013) used a four-ball wear test, several diesel-biodiesel blends, and speed adjustments to evaluate
palm biodiesel's friction and wear properties. A chrome alloy steel with a hardness rockwell C (HRC) of
62 was used in this study. It was determined that biodiesel outperformed diesel in terms of surface
protection. The performance was attributed to the presence of ester molecules in biodiesel. Using four-
ball tribometers and biodiesel made from Calophyllum Inophyllum that was added to diesel at various
guantities, Habibbullah et al. (2015) attained similar results. The best outcome was found for pure
biodiesel when testing a carbon-chromium bearing steel at a fixed speed of 1800 rpm. Farias et al. (2014)
used the high-frequency reciprocating test rig to examine the lubricity of various diesel and biodiesel
mixes. They claimed that when compared to diesel fuel, pure biodiesel (B100) and diesel-biodiesel blends
had improved lubricity, most likely because interfacial lubricant films formed more effectively.

To complete the feedstock requirement for biodiesel production, non-edible plant-based oil has been the
main cutting edge in terms of suitability, cost efficiency, accessibility, and environmentally responsive
fuel (Al-Zuhair, 2007; Bhale et al., 2008). More than 350 crops have the capabilities of producing oil and
have been identified as prospective sources for the generation of biodiesel, according to Singh et al.
(2021). For the manufacturing of biodiesel, a variety of feedstocks have been assessed, including waste
cooking oil, vegetable oil, and algal oil. Additionally, a limited supply of terrestrial plants can be used to
make biodiesel. Vegetable oils and other food-based crops are considered the primary source for biodiesel
production. Palm oil and rapeseed oil are examples of edible oils. Non-edible oils are those that are not
suitable for human consumption (e.g., Polanga and mahua oil) (Thirugnanasambantham et al., 2020;
Singh et al., 2021a; Tasneem et al., 2022; Opia et al., 2022; Shahabuddin et al., 2022). Akintunde et al.
(2021) transesterified sandbox oil into biodiesel and studied the impact on diesel engine performance and
combustion and came to the conclusion that it's a realistic solution for lowering emissions. Rapeseed oil-
based biodiesel and bio-based lubricant were subjected to a 150-hour endurance test as a substitute for
diesel and synthetic lubricant, and Arumugam and Sriram (2012) found that the combination of the two
lowered the concentration of metal after wear. Pathak et al. (2019) looked into the performance of
Karanja oil as a fuel and lubricant in diesel engines; they found that the engines performed better and lost
less power to friction. The lack of thermo-oxidative stability and fluidity deterioration was attained at
minimum temperatures by making bio-based lubricants unsuitable for general usage as lubricants,
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according to Arumugam and Sriram (2012) and Karmakar et al. (2017). These flaws can be corrected
through the chemical manipulation of plant seed oils. According to the literature, the methyl ester
extraction of non-edible feedstocks requires two steps of catalytic processing because they have a
maximum free fatty acid (FFA) quantity. The following are some benefits of chemically treated vegetable
oil that investigators have looked into: (a) Oil extraction from non-edible sources has no impact on the
availability of food or the condition of the land i.e., it can be barren; (b) It is sustainable, makes countries
that import fossil fuels more reliant on their own markets, promotes employment opportunities in rural
parts, and supports in boosting of economy; (c) improved viscosity index; (d) better friction coefficient.

The approaches used by various researchers to examine the lubricity of biodiesel or its blends vary across
a large variety of parameters in addition to inside a specific window. However, it appears that more work
needs to be done to ensure long-term success in enhancing lubricity using various methods. To the
author's best knowledge, rapeseed-based biodiesel's friction and wear characteristics have not been
reported at various parameters. Using a tribo tester, the current study evaluates the lubricity properties of
rapeseed oil blends on mild steel surfaces with three different loads.

2. Materials and Methods

2.1 Material and Process Applied

Shive Enterprises, Pune, India, provided the pure biodiesel (B100) used in this investigation, made from
rapeseed oil. Additionally, the 100% Petro diesel used in this study came from a nearby Bharat Petroleum
gas station. In this study, blend samples were created and tribologically evaluated with various volume
concentrations of biodiesel at 0% (B0), 15% (B15), 30% (B30), 45% (B45), 60% (B60), and 100%
(B100), respectively. To stop the diesel oil from degrading, 10 ml of the combination was created prior to
the tribological experiment. The experiment used a mild steel disc and aluminium silicon alloy pin. The
disc and pin were made available through the local vendor of the city of Roorkee, Uttarakhand, India.
Fourier-transform infrared spectroscopy (FT-IR) analysis was used to evaluate changes in the biodiesel
and diesel functional groups. The equipment was supplied by Bruker having invenio model version.
FTIR was run in the wavelength range of 4000 cm™ to 500 cm™. Additionally, tests on the diesel sample's
density, viscosity, and flash point were performed. A viscometer was used to measure the viscosity
(SICBEV-01, Engler viscometer apparatus). The density was measured using a rheometer (VTD 50 Hz,
Vinsyst), and the flash point was checked through the automatic apparatus (VT684, Nunes Instruments,
Coimbatore, Tamil Nadu, India).

2.2 Experimental Set Up

A tribo tester was utilised to carry out tribological analysis having pin and disc as essential parts (Novus
Wear Tribotester), as schematically depicted in Figure 1. Before the examination, all samples were
cleaned with ethanol in an ultrasonicator for 15 minutes. In the experiment, mild steel was rotated against
the pin under lubricants. Throughout the action, the coefficient of friction (COF) was gauged. 5 mL of the
blend was applied to the contact until it was inundated, following the ASTM G99 standard, which was
developed for evaluating diesel lubricity. During the initial usage, a constant load of 140 N was applied.
The rotating motion with 1000 rpm speed (0.52 m/s sliding velocity) lasted 60 minutes in each trial. At
least three trials of each experiment were performed. The coefficient of friction was calculated based on
equation (1). The wear scar diameter was calculated based on the images obtained through view 7
software equipped with a 3D microscope. The pin was made 10 mm in diameter and 30 mm in length,
having a tip of thickness of 2 mm.
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Figure 1. Schematic image of the set up used for analysis.
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where, p = Coefficient of friction
FF = Frictional force
N = Applied load.

3. Results and Discussion

3.1 Physicochemical Characterization

Table 1 shows the physicochemical characteristics of the biodiesel, diesel and mixtures of biodiesel. It is
observed that viscosity of pure biodiesel is more as compared to the diesel. When biodiesel is blended
with diesel, its viscosity is reduced. This is due to the presence of saturated fatty acids in the biodiesel that
makes it viscous as compared to the diesel (Xiao et al., 2019; Tamilvanan et al., 2022). The same effect
has also been observed with respect to the density. Biodiesel and its blends are having more density as
compared to the diesel. The flash point of biodiesel in comparison to diesel, which is a going indication
for its suitability as a lubricant (Dwivedi et al., 2011; Dharma et al., 2017).

Table 1. Properties of the biodiesel, diesel and their blends.

Properties Unit BO B100 B15 B30 B45 B60

Dynamic viscosity @ 40°C mPa.s 5.37 12.7 6.39 6.89 8.32 9.24
Density @ 20°C g/cm?® 0.8342 0.8934 0.8432 0.8572 0.8612 0.8719
Flash point (°C) 67.3 176.2 715 79.8 95.6 118.4

To ascertain the chemical compositions and presence of fatty acids in biodiesel, biodiesel and diesel were
subjected to FTIR analysis. The outcomes are displayed in Figure 2. The biodiesel and diesel have
distinctive absorption peaks that are visible in the FTIR spectrum. From rapeseed oil, the presence of
oxygenate organic groups can be observed. The findings also showed the presence of ester (-C=0) at
1435 cm peak and vibrational bending at 1012 cm* (Azizi et al., 2018). Asymmetric bending absorption
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peaks of the -O-CHs carbon-hydrogen bond are available at 1423 cm* (Xiao et al., 2019). In addition, the
bending of bonds and a carbon-hydrogen bond were also visible at 2734 cm™ and 2893 cm™ peaks,
respectively (Lazzari et al., 2018). Two prominent peaks at 1156 cm™and 1228 cm™ show the appearance
of the fatty acid-based esters. The spectrum range at 650 to 712 cm™ showed that the biodiesel consists of
several methyl esters of fatty acids (Ong et al., 2020). The investigation ultimately showed that fatty
substances were the primary constituents of biodiesel. The peak available at biodiesel fuel at 1435 cm™ is
absent in the diesel fuel that indicated the presence of oxygen in the biodiesel. Also, the peaks presenting
fatty acid profile at biodiesel are absent in the diesel fuel profile.
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Figure 2. FTIR spectra of biodiesel and diesel.

3.2 Wear Scar and Coefficient of Friction

According to Table 1, wear preventative experiments have been carried out using biodiesel blends and
diesel at various ratios. The wear-preventive tests were carried out for 60 minutes with a continuous load
of 140 N (14 kg), running at 70 °C, and a rotating speed of 1000 rpm. Figures 3 and 4 display the plots of
CoF and wear scar diameter (WSD) of blends. For all of the blended combinations, it can be observed that
the CoF has significantly improved. The biodiesel has the lowest CoF (0.057) of the different
combinations with all blended biodiesel or diesel. WSDs of 0.94 g. 0.77 g, 0.58 g, 0.33,0.21 gand 0.16 ¢
were obtained for respective samples i.e., 0%, 15%, 30%, 45%, 60% and 100%. The WSD decreases as
biodiesel, and biodiesel-diesel content is added in phases from 15% to 100%, as seen in Figure 4.
According to the observation, adding biodiesel to diesel enhanced lubricity and decreased WSD,
indicating that it might be employed as a wear reducer. The findings demonstrated that biodiesel, which
has a ratio of 45% and 60%, performs roughly better as a lubricity enhancer than 15% and 30% blends.
Biodiesel is not ideal when the blending ratio is low, such as 15%, since it wears down machinery more
quickly than other mixed lubricants. At lower mix ratios, biodiesel has superior lubricity qualities to other
blends. Free fatty acids and glycerol, according to Sarin et al. (2007), improve the lubricity qualities of
biodiesel. The polarity of biodiesel, one of its natural features, aids in lubricating the disc metal surfaces
(Bhan et al., 2021). Not only the presence of free fatty acids and glycerol but the viscosity also plays an
essential role in determining the lubricity behaviour of oil. It was observed from Table 1 that viscosity

20| Vol. 2, No. 1, 2023



Singh et al.: Rapeseed Qil-based Biodiesel as Lubricant: Frictional Force and Tribological ... | @

increases concerning the blending of fuel. The reduction in coefficient of friction was also observed in
Figure 5 concerning sliding speed regarding biodiesel. Biodiesel has more viscosity than diesel, which
helps maintain a stable film on the surfaces during their interaction. Wain et al. (2005) found that
biodiesel with more oxygen can minimise friction. According to a different study (Xu, 2007), the primary
process in lowering friction may be the production of a number of compounds on the frictional surface of
steel, including FeSO4, as well as organic compounds. The presence of aliphatic fatty acids in biodiesel
with high oxygen content (O) can also lessen wear and friction between contact surfaces. By creating
lubricating sheets, this fatty acid improves lubrication properties. According to Havet et al. (2001), the
area of the protected surface rises as a result of the film's thickness due to the length of the fatty acid
chain. These protective layers can increase lubricity and decrease thermal energy in sliding contact
(Knothe and Steidley, 2005).
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Figure 3. Coefficient of friction for different biodiesel samples.
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Figure 4. Wear scar diameter for different biodiesel samples.
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Figure 5. Coefficient of friction with sliding distance.

4. Conclusions

The study explored the possibilities of rapeseed oil-based biodiesel as a lubricant. Six samples were
analysed and investigated at fixed parameters for their tribological characteristics during the study. The
following are the conclusion obtained based on the analysis:

From rapeseed oil, the presence of oxygenate organic groups can be observed. The findings also
showed the availability of esters and fatty acids, making it more prone to its application as lubricant.

For all of the blended combinations, it can be observed that the CoF has significantly improved. The
biodiesel has the lowest CoF (0.057) of the different combinations with all blended biodiesel or diesel.
Free fatty acids and glycerol improve the quality of the lubricity of biodiesel.

The minimum CoF was also observed for biodiesel in comparison to other blends during the
achievement of the sliding distance defined.

WSDs of 0.94 g. 0.77 g, 0.58 g, 0.33, 0.21 g and 0.16 g were obtained for respective samples, i.e., 0%,
15%, 30%, 45%, 60% and 100%. The WSD decreases as biodiesel and biodiesel-diesel content are
added in phases from 15% to 100%. The scar formation on the samples tested with biodiesel gets
reduced due to the availability of a strong protective film on the surface.

According to the observation, adding biodiesel to diesel enhanced lubricity and decreased WSD,
indicating that it might be employed as a wear reducer. The findings demonstrated that biodiesel,
which has a ratio of 45% and 60%, performs roughly better as a lubricity enhancer than 15% and 30%
blends.
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