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In this research, biodiesel fuel is produced using potassiumhydroxide (KOH) as a

catalyst and methanol as a co-solvent through the transesterification process.

The analysis of particulate matter emissions from a compression ignition (CI)

engine with pure diesel fuel (D100), biodiesel-mixed (B30), and clove oil

(CL3000 ppm) was carried out. The findings obtained revealed 5.27%

reduction of particulate matter in biodiesel-blended fuel, and furthermore,

when clove was added to the biodiesel-blended fuel, 11.61% reduction of

particulate matter was observed as compared to pure diesel. It may be due

to the higher oxygen ratio present in clove oil. The engine was run for 100 h on

each fuel sample, and the data were taken and tested per 25 h for elemental

analysis. The results manifest that the metal concentration found different

elements in lubricant oil, i.e., lead (51.84), (24.89%), and (23.255%); copper

(47.41%), (28.71%), and (23.86%); nickel (37.88%), (32.32), and (29.78%); and

cadmium (46.12), (29.87%), and (24.01%) in diesel, biodiesel-blended fuel, and

biodiesel blended with clove oil, respectively. This study found better results for

engine life, which shows the lower metal concentration in biodiesel-blended

fuel and clove oil than diesel. Furthermore, the fuels investigated in this research

can reduce the wear of engine parts because biodiesel and clove oil contain a

high oxygen ratio. Moreover, it has been found that biodiesel and clove oil as an

antioxidant have a positive impact on noise emission levels for the CI engine.
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1 Introduction

The transportation industry, as a largest consumer of fossil

fuels, requires a transition to renewable energy and

environmentally favorable sources (Isa and Ganda, 2018).

Biodiesel is easy to use, biodegradable, non-toxic, and virtually

sulfur- and aromatic-free. It contains more oxygen than

petroleum diesel and is utilized in diesel engines, which

profound less emission in result of the particles of

hydrocarbons, carbon monoxide, smoke, toxic substances, and

noise, from diesel-powered cars. Furthermore, because vegetable

oil-based fuel is derived from agricultural products, it does not

contribute to net CO2 levels in the environment (Subramani

et al., 2018). Renewable energies are reducing the negative impact

of conventional fuels. They bring excellent benefits, which are the

conventional fuel, sustainability, cleanliness, and environmental

friendliness. The use of biodiesel in diesel engines has lately

gained traction in this setting (Devi et al., 2019).

The biodiesel is a fatty acid methyl ester made by combining

different seeds’ oil, waste oil, the animal’s fat, or wasted oil with

catalysts, and alcohol. The capacity and efficiency of biodiesel

synthesis are affected by the degree of saturation of these oils (Liu

et al., 2019; Mirnezami et al., 2020). Unsaturated fatty acid

methyl esters make up a significant percentage of biodiesel.

An overload of methyl esters of unsaturated fatty acids

(F.A.M.E) produces a micro-environment that is prone to

autoxidation (Sundus et al., 2017). The organic acids, with the

family of alkenes, alkynes, alkanes, aldehydes, ketones, and

various polymers are among the oxidation products. The

corrosion blockages, engine power imbalances, and other

filtration difficulties are all caused by these chemicals.

Consequently, biodiesel’s oxidative stability is critical for

preservation and engine performance (Yang et al., 2017). The

process of biodiesel production from edible animal and vegetable

triglycerides is commonly used in practice. Using these sources

for BD production, however, will compete with the food vs. fuel

debate, raising the cost of BD manufacturing (Salaheldeen et al.,

2015). Biodiesel hydrocarbons produce fewer emissions than

diesel fuel, such as carbon dioxide and carbon monoxide

(Dincer, 2008). Furthermore, biofuel has received a lot of

interest as an alternative energy source because of its

biodegradability, nontoxic nature, minimal harmful emissions,

sustainability, feasibility, and good quality lubricity (Navas et al.,

2020; Gouran et al., 2021). The transesterification of mustard oil

into biodiesel is the subject of this article. Using 2.5% alkali

methoxide as the catalyst, the maximum biodiesel yield was 84%

(Navas et al., 2020).

Particulate matter is made up of very small particles (varying

from nanometer to micrometer in size), which make it easier for

them to penetrate into the lungs and trigger inflammation at the

sites of deposition, making them dangerous (Ahmad et al., 2012;

Ashraful et al., 2015). Alternative fuels in internal combustion

(IC) engines have sparked interest in recent years due to the

possibility for decreased emissions, such as particulate matter

(PM) emissions (Rakopoulos et al., 2018a). The incomplete

combustion in diesel engines, carbon monoxide (CO),

hydrocarbons (HCs), nitrogen oxides (NO2), and particulate

matter (PM) is all controlled. Unregulated emissions include

formaldehyde, acetaldehyde, 1,3-butadiene, ethene, ethyne,

propylene, and benzene, toluene, and xylene (BTX) (Cheung

et al., 2009; Vaughan et al., 2015). Researchers are creating

strategies to reduce particle emissions utilizing diverse ways

such as fuel modification and after-treatment devices;

therefore, PM characterization and toxicity analysis are still

evolving. To address these issues, this work provides an

overview of PM characteristics and health impacts, as well as

the impact of various fuels (biodiesel, alcohol fuels, and

oxygenated additives) on diesel engine PM emissions

(Stevanovic et al., 2017; Rakopoulos et al., 2018b). The

experimental results show reduction in CO, 5.1% HC, 4.6%

NOx, and 3.00 k% of B100 smoke emissions when using 20%

DTBP as an alternative fuel for a CI engine without modifications

of the changes (Zhang et al., 2020). In the hybrid diesel engines,

the use of liquid boron as an additive for engine lubrication oil in

combination with vegetable oil was tested. The research focused

on the engine performance, which includes power, torque, fuel

consumption, and the specific fuel consumptions, and the

exhaust emissions of O2, CO2, SO, CO2, HC, and NOx

(Ganesan et al., 2019). The presence of oxygen in the

biodiesel decreases HC and CO emissions while increasing

NOx emissions, when using diesel engines (Öğüt et al., 2020).

The effects of EHN cetane improvers on fuel quality and engine

characteristics on diesel were observed; however, same

efficiencies were examined without changing fuel properties

on hazelnut oil and higher carbon alcohols such as n-butanol

and 1-pentanol blends (Dhinesh and Annamalai, 2018).

Antioxidants reduce NOx emissions by reducing OH radical

generation, which decreases the combustion temperature and

suppresses the formation of peroxyl radicals (HO2) (Atmanli,

2016). Biodiesel is made up of methyl esters of fatty acids

generated through the reaction of different seeds’ oil, waste

oil, animal fats, or the oils with catalysts, and alcohol.

Capacity and efficiency in biodiesel production are affected

through the degree of saturation in oils and fats (Mirnezami

et al., 2020). Among the most significant parts of biodiesel quality

control is oxidation durability. For its high viscosity, water

content, acidity, and peroxide degree, biodiesel oxidation is a

difficult process. The oxidation stability of biodiesel is influenced

by moisture and metal concentrations in the fuel, as well as heat

and light exposure (Uğuz et al., 2019; Mastoi et al., 2022a). On

double bond isomerization in the structure of free fatty acids,

oxidation products have saturated structures. The density and

viscosity of biodiesel are increased by these saturated molecules

having a high molecular weight; the various fuels or hybrid oils

taken as randomly finite grids through SM’s method can be

implied (Schirmann et al., 2019; Mastoi et al., 2022b). The
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chemicals that degrade the oxidation stability can be prevented or

limited by adding additives to biodiesel. For inhibiting the

oxidation process, antioxidants can be used (Kreivaitis et al.,

2013). Antioxidants are widely utilized as deoxidizers as a result

of their actions. The most active and widely utilized antioxidants

are phenolic groups. The anti-oxidants are not specifically

provided the electrons and hydrogen; their stable radicals are

also prevented fatty acid oxidation in bio-diesel structures (Bharti

and Singh, 2020). The use of graphene nanoparticles in DSOME

fuel mixes results in a considerable decrease in combustion

duration, ignition delay time, improvement in the maximum

pressure, and heat release rate at full load (Soudagar et al., 2019).

The use of aluminum oxide nanoparticles in HOME (B20) fuel

improved the performance of the engine (Soudagar et al., 2020).

When compared to other evaluated samples, B30 + DMC

displayed a considerable improvement in engine performance

(BTE) and carbon emissions. B30 + TiO2 also significantly

improved engine characteristics (Mujtaba et al., 2021). When

nanoparticles blend with biodiesel, it may increase the

performance and reduce the emission of engine (Mujtaba et al.,

2020; Yaqoob et al., 2022; Ahmed et al., 2023). Antioxidants (AHs)

are an effective way to prevent oxidation of biodiesel without

affecting fuel properties. The addition of antioxidants significantly

slows the degradation of biodiesel (Balaji and Cheralathan, 2015).

The addition of the clove extract antioxidant at various

concentrations in biodiesel-blended fuel reduced NOX levels in

the engine at full load (Jeyakumar and Narayanasamy, 2019).

Clove oil has been found to be a more effective antioxidant than

synthetic antioxidants such as BHA and BHT in lowering lipid

oxidation (Gülçin et al., 2012).

The literature reviewed previously reflects that significant

studies have been carried out to investigate the engine

performance and emission using variety of fuels. However, to

the best of our knowledge, a few studies are reported investigating

the compression ignition engine parameters using clove oil.

Therefore, this study was designed with the aim to examine

the metal concentration of the lubricant oil of the CI engine using

diesel, biodiesel, and clove oil as fuel samples. The long term

investigation of lubricant oil was performed as the main focus of

the metal concentrations of lubricant oil. The analysis of

particulate matter and noise emission was also performed as a

secondary objective in this study.

2 Materials and methodology

2.1 Biodiesel

In this work, the renewable and biodegradable fuel was

manufactured from mustard oil through transesterification,

analyzing the qualities with ASTM standards. The work is

initiated by the oil, which is extracted from mustard seeds.

Through this transesterification process, the fatty acids from

this acid content of the mustard oil are the source to produce

biodiesel. The parameters are set within permissible ranges and

also described in Figure 1.

The methodology is described step by step using the selection

of feedstock and the conversion process, which is from seed to

crude oil; the primary focus is the filtration process and heating.

The process is stepped ahead to transesterification and purified

through washing. The detailed steps are briefly described in

Table 1. The steps are briefly explained for further process.

2.1.1 Selection of feedstock
The survey and selection of feedstock, as well as the processing of

seed into crude oil, are described in this section. The feedstock

availability and selection survey was carried out by visiting various

agricultural farms in the city of Nawabshah. Then, based on the oil

content and availability, the mustard seed was chosen as the

feedstock. Mustard oil is an excellent feedstock for manufacturing,

and because it is non-edible, it avoids the food vs. fuel debate.

2.1.2 Conversion of seed into crude oil
Mustard seeds yield varying amounts of crude oil and press cake,

according to research. Table 2 shows the percentages of yield and

crude oil. Heating in the compression region resulted in some losses.

The temperature of the oil at the outlet was found to be in the range of

35–50°C, and the temperature of the press cake at the outlet was

found to be in the range of 40–95°C. In the table, the oil yield and

losses during crude oil extraction from mustard seed are presented.

Mustard seeds produced the highest oil production of 18.9 kg (18.5 L).

2.1.3 Filtration and heating
The transesterification of biodiesel has been carried out for

the manufacturing of biodiesel using various catalysts. In this

study, sodium hydroxide was mixed with methanol to produce

FIGURE 1
Conceptual process of biodiesel using mustard oil.
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sodiummethoxide, which was then employed as a catalyst for the

transesterification reaction. Magnetic stirring was applied to stir

in the mustard oil for 45 min at 60 rpm at 60°C.

2.2 Transesterification

The transesterification process was utilized in this study to

produce biodiesel from mustard oil because the quality of the fuel

is excellent; the transesterification process is the most favored

method for producing biodiesel from a variety of feedstock

shown Figure 2. Different alkali catalysts were employed to

transesterify mustard oil for the manufacture of methyl esters. In

this approach, a known amount of sodium hydroxide (NaOH) was

dissolved in methanol (CH3OH) to generate sodium methoxide,

which was utilized as a catalyst for the transesterification reaction.

The catalyst was added to the mustard oil at 60°C and swirled with a

magnetic stirrer for 45 min at 60 rpm.

After stirring was performed, the reaction mixture was set

aside at room temperature for 10–12 h to settle down. The

bottom layer of glycerol, the upper thin layer of soap, and the

middle layer of fatty acid methyl esters are all different layers.

2.3 Washing and purification

After settling and separation, the final production of biodiesel

was rinsed in pure water to eliminate impurities and suspended

particles from the biodiesel and to prevent fungal activity. After

this procedure, the moisture from pure biodiesel was removed by

a heat treatment process shown in Figure 3.

The final process is to obtain biodiesel after purifying with the

help of filtering and eliminating the impurities and suspended

particles from biodiesel to prevent fungal activity shown in Figure 4.

3 Analysis of the exhaust particulate
matter emission

The results of PM (particulate matter) emissions from diesel

engines while running on diesel fuel and biodiesel-blended fuels were

collected for this goal. The amount of pollution produced by an

engine is determined by its speed, load, and fuel quality. Using diesel

fuel and biodiesel-blended fuels at the same speed and under varied

load conditions, four particle sizes (pm 1.0, pm 2.5, pm 7.0, and pm

10) were determined. The characterized PM in diameter of microns

showed four particle sizes of PM (pm1.0, pm2.5, pm7.0, and pm10.)

Aerocet 531S is a small, handheld, battery-operated, and

completely portable unit, as shown in Figure 5. This unit

provides particle counts or mass PM measurements as stored

data logged values, real-time networked data, or printed results.

Four important mass size ranges (PM1, PM2.5, PM7, and PM10)

are displayed in the mass mode and four popular cumulative

particulate sizes (>0.5, 5.0, and 10.0 microns), in the count mode.

These four mass ranges results were obtained at the location, four

feet from the source. The tests were made upon all the blends and

various loads and found according to the specification as desired

shown Table 3.

TABLE 1 Experimental matrix.

Production of biodiesel Particulate matter
emission

Element analysis of
lubricant oil

Noise emission

Mustard oil Diesel B30 and B30+ and clove Diesel B30 and B30+ and clove

Ethanol Diesel B30 and B30+ and clove oil Oil Oil

Potassium hydroxide Constant RPM and constant load Constant RPM and variable load

Transesterification process Constant RPM and variable load Sample collections and testing
after 25 h

Position of noise measuring from left, right, and back
sides

TABLE 2 Yield percentages of crude oil.

Type of seed Seed quantity (Kg) Oil yield in kg
(Kg)

Press cake (Kg)

Mustard seed 40 18.9 19.3
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3.1 Elemental analysis of lubricant oil

Endurance testing was completed for 100 h on diesel and

biodiesel-blended fuels. A sliding contact between metallic

components of any mechanical system inevitably results in

wear, which produces minute metal particles. The piston,

piston ring, cylinder liner, bearing, crankshaft, cam, tappet,

and valves are all susceptible to wear and strain in diesel

engines. In a lubrication system, wear particles remain

suspended in oil. The engine was run at constant load and

constant rpm. The engine has been run for 25 h for each fuel

sample. After the completion of 25 h, lubricant oil samples were

collected from the engine. Analysis of lubricant oil properties

has been tested through different methods (multi elemental

analysis).

3.2 Engine sound pressure level

Here, the noise levels (sound pressure level) of the CI engine

have been analyzed. The engine specification shown in Table 4.

Two fuel samples have been tested for sound pressure levels at

different loading conditions and constant speed. The sound

pressure level was measured from three directions such as front,

back, and left. Three microphones have been installed at 1-m

distance from the test bed at three different locations. The

sound pressure level was measured using a dB meter. Detailed

specifications are given in Table 5.

4 Result and discussions

4.1 Physico-chemical properties of
mustard oil biodiesel

In this study, the basic parameters or fuel parameters of

biodiesel, such as density, viscosity, moisture content, pour

points, acid value, calorific value, sulfur, cetane number, and

flash point, are concluded using the standard method, the evident

following the manufacture of biodiesel from mustard oil through

transesterification, as shown in Table 6.

FIGURE 2
Heating mantle with the reactor vessel.

FIGURE 3
Separation phase of biodiesel.

Frontiers in Energy Research frontiersin.org05

Bhangwar et al. 10.3389/fenrg.2022.1057611

https://www.frontiersin.org/journals/energy-research
https://www.frontiersin.org
https://doi.org/10.3389/fenrg.2022.1057611


4.2 Density

Diesel fuel has a lower density than biodiesel fuel, which is

mostly determined by the fatty acid content and purity of biodiesel

fuel, as biodiesel density is heavily influenced by contamination.

The biodiesel fuel density has a significant impact on several

engine fuel properties such as live viscosity, certain number,

and combustion. According to the ASTM standard D-1298, the

density of mustard biodiesel was calculated and determined to

be 0.859.

4.3 Viscosity

The viscosity of gasoline is defined as the resistance of the

relative moment of oil. Viscosity has a significant influence on

engine start-up, fuel atomization, and fuel–air mixture combustion

quality. Mustard oil biodiesel has a viscosity of 5.93 cP, which is

within the typical range of 1.9–6.0 cP. In this study, the proportion of

less and high viscosities on their extreme values was found to be

insufficient combustion which is the result of blue and black smoke.

In the studies of biodiesel, it should be specific viscosity that gets the

proper droplet size (PDZ) for the complete combustion. The

viscosity should be low with respect to temperature, as the ratio

is, and if we decrease the temperature, then the viscosity of the bio-

diesel is low as it will become more viscous at lower temperatures,

causing further operational issues.

4.4 Pour point

Biodiesel has a greater pour point, making it useful in

unfavorable situations. Diesel fuel starts at the pour point at a

low temperature (decrease by a degree), which may no longer be in

use, whereas diesel fuel has a lower pour point and can no longer be

used. The pour points are mostly determined by the nature of the oil

and feedstock. They determined to use the biodiesel production

process and followed the standard suggested range for the bio-diesel.

The pour points of the biodiesel lowest temperature at which it can

FIGURE 4
Final production of biodiesel.

FIGURE 5
Particulate matter emission measuring device.
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be used have been observed, and when it reaches the pour point, the

biodiesel is solidified and no longer for use.

4.5 Calorific value

When the biodiesel starts to burn, then the combustion products

are going to be cooled down. Which is the initial temperature of the

combustible mixture, the heating value, or the calorific value is the

energy per quantity of the biodiesel. The heating (calorific) value of

the synthesized biodiesel is determined and set at 40.1 MJ/g using an

oxygen bomb calorimeter, which is within the permitted range for

smooth engine operation.

4.6 The acid value

In this study, the acid value of mustard oil biodiesel synthesis

is 0.78 mg KOH/g, where the value is in the biodiesel standard

range. It is mostly dictated by the biodiesel purification method

and FFA content. Because excessive levels of FFA complicate

biodiesel recovery and harm engine components, the FFA

concentration in biodiesel should be kept to a minimum. It

has been discovered that using hot distilled water for washing and

purifying raises the acid value.

4.7 The cetane number

It is governed by its molecular structure and the parent ester

concentration, so for biodiesel, it increases with the increasing

number of carbon atoms. The cetane number of biodiesel is

higher than that of parent vegetable oil, and biodiesel will initiate

ignition easily in the diesel engine while lowering noise as well. In

biodiesel, the optimal cetane number range is in between 46 and

52, while in regular diesel, the range is between 40 and 55.

Mustard oil biodiesel has a cetane value of 51, which is within the

biodiesel standard range.

4.8 Particulate matter emission

The purpose of this research was to see how different fueling

alternatives affected particle matter, such as diesel alone,

biodiesel mixed, and biodiesel blended with clove oil

Figure 6A. PM1.0 displays the findings of average percentages

of particulate matter emission as D100 (42.61%), B30 (30.96%),

and B30 + CL3000 ppm (26.42%), indicating that PM1.0 is

greater in diesel fuel than in biodiesel mixed with clove oil.

Figure 6B depicts PM2.5 outcomes such as (38%), (33.20%), and

(29.61%), respectively, lower values in biodiesel and antioxidants.

Figure 6C shows PM7 results (37.93%), (33.29%), and (26.77%)

for D100, B300, and B30 + CL3000 ppm, respectively, and

Figure 6D shows PM10 results of average percentages of

particulate matter emission such as (38.03%), (34.62), and

(27.30%); from the results shown in Figures 6A–D, the

particulate matter emission levels of PM1, PM2.5, PM7, and

PM10 were higher in diesel fuel. Therefore, biodiesel may be

utilized as a diesel fuel alternative to meet energy demands,

minimize reliance on fossil fuels, and reduce engine exhaust

TABLE 3 Specification of the particulate matter emission measuring
device.

Sensitivity 0.5 µm

Mass concentration units mg/m3

Mass Concentration Precision 0.001 mg/m3

Sample time 2-min

Hold time units Minutes

Contrast adjust Mechanical

Battery NiMh

TABLE 4 Detail of the engine used in this research work.

Stroke 80 mm

Speed 2600 rpm

Displacement 0.353 L

Compression ratio 21–23

Mean effective pressure 576 kpa

Piston mean speed 6.93 m/s

Specific fuel consumption 278.8 g/kWh

Specific oil consumption 4.08 g/kWh

Cooling water consumption 1360 g/kWh

Injection pressure 14.2 + 0.5 Mpa

Valve clearance Inlet valve 0.15–0.25 mm

Maximum engine power 7.7 kW

Maximum engine torque 80 Nm

TABLE 5 Detailed specification of the sound pressure level meter.

Type Electric condenser microphone

Range of the dB level 35 dB to 150 dB

Accuracy ± 1.5 dB

Resolution 0.1 dB

Microphone diameter ½ “

Dynamic range 55 dB
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pollutants (Mofijur et al., 2013). The addition of clove oil in

biodiesel was the reduction in particulate matter emissions

(Rusli et al., 2022). Furthermore, adding clove oil to

biodiesel as an additive improves the oxidative stability of

the biodiesel. In comparison to biodiesel-mixed diesel, when

antioxidants are added to biodiesel blends, the percentage of

particulate matter emissions is lowered because antioxidant

properties trap the free radical efficiently in the combustion

process; hence, particulate matter emissions are considerably

decreased.

The average errors of particulate matter emissions from

diesel, biodiesel, and clove-blended fuel samples are shown in

Figure 6F and shown in Table 7. The figure clearly shows

reduced average error of particulate matter emissions for

biodiesel and clove oil compared to diesel fuel. This shows

that biodiesel and clove oil fuels are more reliable for the diesel

engine compared to diesel fuel.

4.9 Elemental analysis of lubricant oil

In this study, the analysis of lubricant oil formetal concentration

was performed using diesel fuel (D100), biodiesel-blended fuel

(B30), and biodiesel-blended fuel with clove oil (B30 +

CL3000 ppm). The engine runs for 100 h on each fuel sample.

After 25 h, lubricant oil samples were collected for analysis.

According to the results in Figure 7A, the most likely source of

lead (Pb) wear in debris is the wear of bearing paints and grease

addition. The results showed that the lead content is higher when

used in diesel than that in biodiesel and biodiesel blended with clove

FIGURE 6
(Continued).

TABLE 6 Fuel parameters of biodiesels.

Property Units Mustard oil biodiesel Biodiesel standard ASTM

Density g/ml 0.859 0.880 ASTM D-1298

Viscosity Centipoises 5.93 1.9–6.0 ASTM D-445

Moisture content Volume 12.26 ASTM D-85

Pour points C −6 −15 to +5 ASTM D-97

Sulfur % % 0.031 0.05 max ASTM D-4294

Calorific value MJ/kg 40.1 37.5 to 42.8 ASTM D240-14

Cetane number Index 51 47 min ASTM D-976

Flash point 139 >139 ASTM D-93

Acid value Mg KOH/gm 0.78 0.80 mx ASTM D-664
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FIGURE 6
(A–D): Particulate emission matter vs. brake power. (E) Comparative results of different blended fuels. (F) Average error of particulate matter
emission.

TABLE 7 Error reduction in particulate matter emissions.

Measuring quantity Brake power Fuels

D100 (%) B30 (%) CL3000 ppm (%)

PM 0.0157 1 10.8 0.0936

PM 0.314 0.8 10.6 0.0736

PM 0.471 0.6 10.4 0.0636

PM 0.628 0.4 10.3 0.0536

PM 0.785 0.2 10.1 0.0336

PM 0.942 0 9.8 0.0064

PM 1.099 0.3 9.3 0.0364

PM 1.256 0.6 9.2 0.0664

PM 1.413 0.9 9 0.0964

PM 1.57 1.2 8.6 0.1064
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oil as an antioxidant. Copper (Cu) wear in engine oil samples is one

of the most serious issues for biodiesel engines, as shown in

Figure 7B. The concentration could be obtained because of the

wear of the bearings, bronze, and bushings. Figure 7B shows the

copper concentration in engine oil samples. It was lower in biodiesel

and clove blended than in diesel fuel. Figure 7C shows that the

source of nickel (NI) bearing piston nickel concentration is higher in

diesel fuel than in biodiesel-mixed fuel. Figure 7D depicts bushes,

cylinder linear shafts, and other CI engine components as the

most common (Cd) source of wear in lubrication oil. The

results are greater in diesel fuel than in B100 and clove oil

additives. The average percentage of metal concentration is

lower than diesel than that in biodiesel-blended fuel and

biodiesel blended with clove oil. It has observed that

reduction may occur using biodiesel and clove oil-blended

fuel sample. Developed reduction in cylinder the internal

FIGURE 8
Noise emission level of the left position.

FIGURE 7
(A–D) Metal concentration vs. operating time (h).

FIGURE 9
Noise emission level of the back position.
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pressure in the engine which consequently reduce the

frictional forces acting on the moving parts may cause

reducing the wear in engine moving parts. In other words,

biodiesel improves the fuel lubricity and raises the cetane

number of fuel. It happens due to its properties which provide

sufficient lubrication and, in contrast, reduces wear to a larger

extent. The average errors of the noise emission level from

diesel, biodiesel, and clove-blended fuel samples are shown in

Figure 6F. The figure shows reduced average error of the noise

emission level of compression ignition engine reduction in

case of biodiesel and clove oil-blended fuels.

4.10 Noise emission level

Figures 8–10 results illustrated the noise emission level of the CI

engine at various load conditions and constant rpm 1,500 by using

diesel fuel D100, biodiesel blend B30, and biodiesel-blended fuel

with clove oil (3,000 ppm) as an antioxidant. Three positions were

selected for the analysis of the noise emission level. Front, back, and

left sides were chosen at 1 m distance from the piston head. All

comparative results demonstrated that the engine using the diesel

fuel D100 has high noise emissions than biodiesel B30 and

CL3000 ppm. The outcome clearly shows that owing to biodiesel

blend B30, clove oil has better oxygen contents than diesel fuel

D100 which declines the noise emission. A higher oxygen content in

clove oil is the reason why proper combustion takes place inside the

engine. Proper combustion inside the engine may cause reduced

noise levels when using clove oil compared with diesel and blended

biodiesel.

4.11 Error analysis and standard deviation

In this section, error analysis and standard deviation are

employed to demonstrate the approval of the proposed models.

The systematics set of procedure in the experimental data

used to obtain the errors is known as uncertainty analysis. In this

systematic procedure, we follow the various types of methods to

reduce the uncertainty shown in Figure 11.

In this research, the inaccuracies are arising because of the

various components, like electronic and mechanical,

environmental, and the human miscalculations. The

information is gathered at standard conditions, and the

specifications and details of all the components are already

available. Measurement errors which come from several

different sources are classified into bias and precision

errors; throughout the experiment, the bias errors remain

constant. Furthermore, the uncertainty is the proportion of

uncertainty, the testing parameter with the ratio of

uncertainty emission, and the evaluated parameters. The

measurement uncertainty is estimated as the experiments

are carried out. The uncertainty measurements using

standard parameters are explained in this section. The

propagation of uncertainty for parameters that have been

determined on the factors depending on the given

independent parameters is determined using the following

equations.

Axi � Ux

x
, Ayj � Uy

y
, (1)

Ayj �
�������������������������
(Ax1)2 + (Ax2)2 + . . . + (Axn)n

√
n ∈ Z, (2)

Syj �
�������������������������
(Sx1)2 + (Sx1.2)1.2 + . . . + (Sxn)n

√
nϵR, (3)

Axi,Ayj and Sxi and Syj are the uncertainty variables.

Standard deviation �
���������∑(xi − A)2

N

√
. (4)

where xi = fuel (diesel, biodiesel and clove oil).A = average fuel.

N = total particulate matter emission of fuel.Standard

deviation of D100 = 0.00326.

Standard deviation of B30 = 0.00461.

Standard deviation of CL3000 ppm = 0.00522.

6 Conclusion

The goal of this study was to make biodiesel from mustard

oil by transesterification and analyze the qualities of biodiesel

according to ASTM standards. The oil was extracted from

mustard seeds using a mechanical expeller, and the total

amount of the extruded oil yielded 47% and 48% press

cake, respectively, with 5% losses. Through the

transesterification process, the fatty acid content of the

mustard oil was lowered, and the final biodiesel was

produced.

FIGURE 10
Noise emission level of the front position.
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• All parameters of mustard biodiesel fuel were attained

within permissible ranges.

• The particulate matter emission of the C.I. engine was

analyzed, and the results found 5.27% reduction in

biodiesel fuel and 11.6% reduction in clove oil-blended

fuel as compared to diesel fuel.

• The metal concentration of lubricant oil has been

investigated, and different elements were found such

as lead (51.84), (24.89%), and (23.255%); copper

(47.41%), (28.71%), and (23.86%); nickel (37.88%),

(32.32), and (29.78%); and cadmium (46.12),

(29.87%), and (24.01%); it was observed that the

metal concentration was lower in biodiesel and clove

oil-blended fuel.

• The noise emission of the B30 and clove oil was obtained

lower than the D100. This happened due to the physical

properties and richness of oxygen contents in biodiesel fuel

and clove oil-blended fuel.

Finally, we suggested that clove oil as a fuel additive is more

feasible due to its better results. The clove oil as an antioxidant

showed a significant reduction in particulate matter and noise

emission of the engine, reducing the wear of the engine as

compared to diesel fuel.

In the future, a long endurance test should be conducted to

investigate the effect of fuel additives and deposition formation

on the diesel engine components.
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Nomenclature

ASTM American Society For Testing Materials

B30% biodiesel 30%

Bp brake power

C.I compression ignition

Cd cadmium

Ci nickel

Clo clove oil

Cu copper

D100 diesel 100%

Db Decibel

FFA free fatty acid

kW kilowatt

Pb lead

PM particulate matter

PPM parts per million
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