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ABSTRACT

Alcohols is a renewable fuel that might be used in place of fossil fuels. The economical development of each country is
greatly impacted by its energy supply. The energy comes from fossil fuels, which are not renewable and have a
negative impact on the environment. In this study, waste cooking oil and diesel fuel are compared as a binary
combination.  Engine testing is conducted with a continuous load at 1450 rpm.  This study examined the effects
of PF90E10 on engine exhaust valve deposits when ethanol blend fuel was injected during the endurance test in place
of base gasoline.  Visual examination of the study’s findings revealed that both gasoline samples had some
deposit accumulation on their injectors. Scanning electron microscopy (SEM) and energy dispersive X-ray
spectroscopy (EDX) analysis showed that the engine using the PF90E10 produced larger carbon deposits on
and around the valve surface. Furthermore, the PF90EI0 binary combination may be used in a gasoline
engine without any alterations. The SPL increased by 7.8 dB at engine speed in the case of the PFI00.
Nonetheless, the PF90E10 binary mix’s average SPL was 4.3 dB less than the baseline.  Finally, without
requiring any engine modifications, binary emulsion may be utilized in engines that use spark ignition. Consequently,
E10 may be effectively utilized to lessen negative impacts and decrease reliance on fossil fuels. Furthermore,
compared to the baseline, there was a lower concentration of lubrication oil debris cadmium (Cd).
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INTRODUCTION Reports from the EU indicate that CO2 reduction goals are
set at 20% to 30% for 2020 and 50% by 2050. (Alagumalai
2014) in an effort to achieve sustainable growth. According
to some scientists, if current emissions are not reduced, the
quantity of greenhouse gases (GHGs) in the atmosphere
might double as early as 2035. (Bekhet and Othman 2017)
It might exacerbate the issues facing the world. Because
they are sustainable fuels, biofuels like ethanol can lower
or regulate CO2 emissions. It is inevitable that ethanol
will be used in gasoline fuel. Furthermore, ethanol is a
cleaner fuel to use in combustion engines than fossil fuels,
which lowers greenhouse gas emissions and environmental
pollutants (Rosdi, Mamat et al. 2020). The rise of
metropolitan areas and the population increase worldwide
have made energy more necessary. This increase in energy

The demand for energy has grown as a result of the world’s
population growth and rapid urbanization. The social,
economic, welfare, and health conditions of people are
impacted by this rise in energy demands. Overuse of fossil
fuels has harmed the environment and caused health issues
all over the world (Ansari et al. 2025). The issue of rising
pollution has become an intractable challenge due to the
fast economic expansion (Venugopal and Ramesh 2014).
The automotive industry is now prioritizing the use of
ethanol in gasoline because of the depletion of fossil fuel
supplies and concerns about environmental contamination.
An internal combustion engine (ICE) uses it to lessen the
negative effects of harmful emissions on the environment.
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consumption influences people’s social, financial, welfare,
and health aspects as well. Worldwide over use of fossil
fuels has led to environmental damage and health hazards
(Ansari et at. 2025). The European Union White Paper
states that before forbidding all conventionally powered
automobiles from being used in cities beyond 2050, the
automotive industry must solve many challenges. The
European Union has implemented many measures to raise
the proportion of renewable energy sources. To ensure
that the European Union keeps up its key role in the
renewable energy industry and fulfils its obligations to
reduce emissions under the Paris Agreement, the
Renewable Energy Directive was established. The new
mandatory objective stated in the law is to attain at least
32% of the EU’s energy consumption from renewable
sources by 2030, in addition to the existing aim of 20% for
2020 (Kristyna et al. 2023). Sustainable energy comes from
avariety of places, including the geothermal heat, biomass,
and hydropower. These sources were previously known as
“alternative energy sources” Kanoglu and colleagues
(2020). The deposits that form at the injector tip of modern
port injection systems are notoriously difficult to remove
because of the increased heat they generate. (Shu, Dong
etal. 2012, Kumar and Diwakar 2022). System performance
may suffer if deposits accumulate within the injector
nozzle’s perforations or on the exterior of the injector tip
(Birgel, Ladommatos et al. 2008) because the nozzle
deposits have an impact on the fuel flow rate and injection
pattern. The cylinder head, chamber walls, rings, throat,
etc. are said to be affected by deposits that start on the
injector nose (Sidibe, Blin et al. 2010). According to
(Guwor-Niki 2023), Deposits may build on the injector in
a number of places, including the plungers on the injector
body and the internal valves and spray-hole where fuel
leaves the injector and enters the combustion chamber.
Therefore, after being heated during combustion, the fuel
at the injector tip is probably going to expand during the
expansion stroke. It is thought that the evaporation and
degradation of the lighter fuel components cause sticky
deposits. Reactive combustion products, soot, volatile
lubricant, and impurities in the elemental fuel all have an
impact on the process (Lacey, Gail et al. 2011). Numerous
study results on deposit formation on the spark plug deposit
while utilizing biofuel and related fuel mixes can be found
in the literature. In a crisis, renewable fuels made from
vegetable oil can deliver powerful engine performance. In
actuality, prolonged use of particular fuels may damage
the engine, result in excessive carbon and lacquer deposits,
and lower engine performance (Kale, Dagefe et al. 2017).
When the engine runs for a longer period of time, some of
the properties of biodiesel, like its higher viscosity, lower
volatility, and the reactivity of unsaturated hydrocarbon
chains, have been reported to cause injector coking, trumpet

formation on the injectors, increased carbon deposits, and
other issues (Pehan, Jerman et al., 2009). Using two single-
cylinder engines with identical injector specs and fuel
injection pump pistons, the effects of diesel and biodiesel
fuel were compared (Celik and Aydin 2011). The spark
plug were analysed and contrasted using energy dispersive
X-ray spectroscopy (EDX) and scanning electron
microscopy (SEM) following 200 hours of operation at
2000 rpm. According to the SEM photos, the biodiesel-
powered engine’s injector nozzle diameter decreased more
than the other engine. Metal cutting traces were coated
and eventually vanished when the original, unused
machined injector was utilised with biodiesel. In addition,
Birgel et al. (2008) report that using biodiesel has been
shown to enhance injector nozzle deposits. Rapeseed Oil
Methyl Ester (RME) injector deposits have been studied
in present and prospective common rail systems, as well
as swirl chamber injection systems for indirect fuel
injection (Celik, Sensogut et al. 2009). Following 16 hours
of operation on B10 RME, the engine showed a power loss
of around 3% and significant deposit deposition. There
was also a lengthier test that lasted 48 hours. As deposit
formation continued at about the same pace and perhaps
more, the result showed that the torque decreased by a
maximum of 24 percent. On the contrary, as said by (Sinha
and Agarwal 2010) utilizing a biodiesel mix (20% rice bran
oil methyl ester blend with mineral diesel) resulted in much
fewer carbon deposits on the cylinder head, injector tip,
and piston crown during a 100-hour endurance test than
those utilizing mineral diesel fuel. An investigation on the
effects of using plain RSB (rubber seed oil biodiesel) and
blends with diesel fuel on the coking of injector nozzles
in DI diesel engines was carried out (Reksowardojo, Bui
etal. 2011). The temperatures of the piston, cylinder head,
and cylinder liner can also be ascertained using EGT. These
parameters are crucial for the sophisticated next generation
of high-performance engines that run close to engine
material limits. Exhaust gas temperature (EGT)
monitoring is one of the simplest and most accurate
methods of evaluating engine efficiency. The EGT can be
linked to immediate torque using thermodynamic formulas.
A number of factors, including the type of thermocouple
fitting, the thermal properties of the materials that are
interposed, the specific sites for temperature identification
along the emission streak, and the particulars for each
engine, must be carefully taken into account in order to
implement such a model in practice. Their effects on
torque-predictive capabilities are frequently substantial
(Parlak et al. 2006). The surfaces of the injectors were more
dirty after using BS and B100 fuel than after using diesel.
Yet, more carbon deposits were seen in the vicinity of the
injector tip of the diesel nozzle. Additionally, the amount
of coking around the injector tips did not significantly



change between B5 and B100. Wear particles remain
suspended in a lubricating system’s lubricant fluid. To
forecast sufficient information about wear rate, element
source, and engine condition, variations in the concentrations
of the metallic particles in the lubricating fluid can be
analyzed and studied after a certain length of working time
(Nigam and Singh 2011). Particularly in diesel engines,
the cylinder liner, bearing, cam, tappet, crankshaft journals,
pistons and piston pins, valve guides, valve systems, and
other parts usually wear out. (Nigam and Singh 2011).
Therefore, by analyzing the lubricating oil, it is possible
to discover direct indications of the wear and health of the
engine (Misra and Murthy 2010). Given the constantly
shifting composition of petrol and alternative fuels,
understanding the effects of new fuels on exhaust emissions
becomes crucial. A number of research have looked into
how ethanol affects exhaust emissions. CO and unburned
hydrocarbon emissions normally decrease as the ethanol
concentration increases, according to studies on petrol with
10% or less ethanol. Despite conflicting studies, higher
ethanol percentages might sometimes lead to a little
increase in NOx emissions (Karavalakis, Durbin et al.
2012). Fossil fuels have been shown to emit more pollutants
than alternative and renewable alcohol fuels. One of the
fuels that is more frequently utilised in SI engines in
different ratios with petrol is ethanol, which has gained
relevance recently as a way to reduce emissions of CO,, a
greenhouse gas that causes global warming (Rafeh,
Obaidullah et al. 2019). Ors et al. (Ors, Saymn et al. 2020)
mixed petrol, methanol, and ethanol in an experiment on
a Slengine. They discovered that when methanol was used
in place of ethanol, the brake thermal efficiency (BTE)
decreased by 6.12% while the brake specific fuel
consumption (BSFC) values rose by 10.3%. In comparison
to ethanol, the addition of methanol reduced the emissions
of HC, CO2, NOx, and CO by 4.75 percent, 6.48 percent,
9.16 percent, and 26.6%, respectively. The performance
of the SI engine was evaluated by (Usman, Khan et al.
2023) when fuel and acetone were added. The braking
power (BP) and brake thermal efficiency (BTE) of A10
(10 percent acetone in 90 percent petrol) were 11.74 percent
higher at a 6.72% lower BSFC. In comparison, CO, CO2,
and HC emissions dropped by 56.54%, 33.67%, and 50%
with the A10 petrol. But it appeared that acetone was more
detrimental to lubricating oil given the engine’s present
metallurgy. In a different investigation, (Asrar Hussain,
Muhammad et al.) observed how petrol and butanol
affected the SI engine’s performance. According to their
findings, B12 (12 percent butanol in 88% petrol) increased
BP, BTE, and exhaust gas temperature (EGT) by 12.15%,
3.25 percent, and 28%, respectively. But because of B12,
CO and HC emissions dropped by 31% and 27%,
respectively. It also highlighted how the lubricating oil
degrades quickly in response to a rise in ethanol content.
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The production of exhaust valve deposits in a SI petrol
engine should be investigated in relation to the addition of
ethanol (ten percent by volume) and PF (ten percent by
volume and ninety percent by volume) to ordinary petrol
fuel. Exhaust valve deposits, engine performance, and
emission levels are going to be compared during a 100-hour
endurance test on PF (petrol fuel) and PFO0E10 mix,
respectively. This is the fundamental objective of this work.
The objective of this research was to determine which
ethanol blend fuel and petrol binary mixture is the most
effective. This research was carried out as part of the
process of designing an alternative green alcohol oil
mixture that could be utilized in a petrol engine.

Nomenclate

SI Spark ignition

EV Exhaust Valve

D Deposit

N Noise

NT Noise Top

NR Noise Right

E Ethanol

E10 Ethanol + 10%

PF Petrol Fuel

EM Exhaust Emission

PF100 Petrol 100%

Cd Cadmium
METHODOLOGY

FUELS FOR PREPARATION BLENDS

In order to prepare the spent fuels, the splash blending
method was utilized to combine all of the fuel components
utilizing a mechanical homogenizer machine for 15
minutes at 2000 rpm. The three combinations listed below
were produced: PF90-E10 (90 percent petrol, 10 percent
ethanol, and pure-fuel)

EXPERIMENT DESIGN AND PROCEDURE

The engine under investigation is situated in the Mechanical
Engineering Department’s thermodynamics lab at QUEST
University Nawabshah. Table 1 provides the essential fuel
qualities. Figure 1 depicts the experimental configuration.

A four-stroke, one-cylinder gasoline engine is chosen
and put on a test bed. Table 2 lists its primary specifications.
The test engine was supplied with fuels from two fuel tanks:
one for blend fuels and one for PF. A dynamometer that
uses eddy current is connected to the engine. To establish
the baseline specifications, the engine was first powered
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by PF before being powered by blend fuels. Every test was
conducted three times in order to determine the mean
values. PFO0E10 and PF100 are the chosen test fuels.
Significant effort is needed to guarantee homogeneity and
consistency among the samples during the blending
process. Before data collection started, the engine was
operated for five minutes to stabilize it.

FIGURE 1. Test apparatus schematic diagram
In the Each fuel sample was put through an endurance
test lasting 100 hours. After the exhaust valve was
disassembled, it was removed from the engine. It was done

again with the other test fuels. Scanning electron
microscopy (SEM) and energy dispersive X-ray
spectroscopy (EDS) were used to analyze every exhaust
valve sample generated in this manner. SEM analyzes both
macro and submicron deposits. With EDS, it is able to
assess minute deposits for elements. Exhaust valve pictures
were taken for each gasoline sample at 0 and 100 hours
(Fresh and Endurance test, respectively). Following that,
it was employed for eight hours each day to independently
and consistently assess fuel samples.

TABLE 1. Engine Specification
Four Stroke, Spark

Engine Model Ignition
Swept volume 0.304mm?®
Number of strokes 4
Cooling system Air cooled
Engine type Single cylinder
Displacement 305 cc 305 ce
Maximum power at 3600rpm 9.5 BHP (7.1 kW)
Briggs & Stratton OHV P8161 P8160
Fuel Petrol
maximum torque at 2500rpm 18.5 Nm

Bore 79.23mm
Stroke 61.67mm

TABLE 2. Fuel Properties gasoline and ethanol.

Properties Gasoline Ethanol
RON 95 106
Stoichiometric air-  14.7 9
fuel ratio
Vapor pressure 58 16.1
(Reid method)
Chemical formula  C,-C | CHO
Low heat value 43.5 26.9
MJ/kg)
Oxygen atom 1.49 34.78
content (mass %)
Density (kg/m?) 770 795
(@20°C)

RESULTS AND DISCUSSION

EXHAUST VALVE VISUAL INSPECTION

Engine exhaust valve was photographed during a 100-hour
endurance test on the PF and PF10E10 blend, as seen in
figures 2. Both fuel samples had some deposit accumulations
on their head surfaces upon visual inspection following
varying operating hours. But compared to the engine head
running on PF, the one running on PFO90E10 was filthy.
Comparable outcomes have been documented to a certain
degree. In another study according to (Stepien and Oleksiak
2009) Figure 1. Setup of an experimental test bed. It was
found that using alcohol mix fuel reduced the amount of
oily, greasy, and white deposits that formed in the engine
exhaust valve. Additionally, deposits on the engine head
ran with the PF90E10 blend were found to be dry, whereas
deposits on the engine exhaust valve run with PF were
found to be oily/greasy.

PFS0EL0

FIGURE 2. Macroscopic view of engine exhaust valve deposit
operated with PF and PF90E10.



Figure The engine was partially disassembled and the
deposit formation on each engine exhaust valve examined
after the long-term 100-hour endurance test on PF and the
PF90E10 blend was finished. Higher temperatures in the
vicinity of the head depositions, which might result in more
tenacious deposits, are a characteristic of advanced gasoline
injection systems (Solangi, Memon et al. 2024). The SEM
micrographs of deposits on engine heads fueled with PF
and PFI0E10, respectively, are displayed in Figure 3 at
43 magnifications. It is evident that deposits with
PF90E10 are significantly lower than those with PF mix.

Figure 3 displays the elemental analysis by EDX on
deposited surfaces, whereas Figure 4 displays the SEM of
deposits on an engine head fueled with PF (petrol fuel) at
50 magnification. In contrast, the PF90E10 operated fuel’s
SEM and EDX are displayed in figures 3 and 4 respectively.

PF100

PF90E10

FIGURE 4. SEM and EDX running 100h on petrol/Ethanol
fuel PF90E10.

NOISE EMISSION

According to this study, using an ethanol blend fuel
concentration in a spark ignition (SI) engine results in
decreased sound pressure levels at starting loads but very
tiny fractional changes at mid-range loads. The octane
level significantly affects ignition delay and is essential for
spark ignition. A greater octane level decreases the ignition
delay (Solangi, Memon et al. 2024). When the engine was
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running on diesel fuel (PF), including blend fuels such
PF100 and binary blend PF90E10, Figures 5 and 6 display
the sound level in the top and right directions of the engine
test bed as well as the average of the two directions.
Although mix fuel produces the best outcomes in terms of
noise emissions, using gasoline fuel resulted in a higher
deviation than using ethanol blend fuel. This might be the
result of the engine’s injection method, which lowers in-
cylinder pressure by shifting injection timing and ignition
delay in response to load (Ansari, Memon et al. 2023).
Additionally, as seen in Figures 5 and 6, the presence of
some debris in the blend may have contributed to the rise
in noise emissions.

W PF100 PFOOE10

Sound Emission Level dB
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FIGURE 5. Sound pressure right top position Varus engine
running hours
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FIGURE 6. Sound pressure level right position Varus engine
running hours

EXHAUST GAS TEMPERATURE

For all combinations, it shows how EGT increases with
load. The greater engine load may lead the gas to exert
more force on the piston, which would ultimately result in
less heat rejection. E10 reported a drop in exhaust gas
temperature under varying load conditions. This is
because, under different engine loads, E10’s higher BTE
causes it to reject less heat to exhaust gases (Kothare,
Ladekar et al. 2023).
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FIGURE 7. Exhaust gas temperature Varus
engine running hours

Figure 7 displays the exhaust gas temperatures of a
gasoline combination with ethanol added at varying power
rates adjacent to those of pure gasoline and a pure ethanol/
gasoline mixture. when expected, when power production
increased, so did exhaust temperatures. The exhaust gas
temperatures in the gasoline/ethanol mixture were
somewhat higher. These temperatures were slightly lower
when the blend was mixed with PFO0E10, though. For
instance, although it is 175°C for 10% ethanol and 150-C
for 20% ethanol, the exhaust temperature for pure gasoline
is 200°C at a power output of 1.08 kW. The concentration
of ethanol present alters the injection parameters and fuel
particle distribution in the hot air when high-pressure liquid
fuel is injected.  This alters the rate of heat release in
burning and development. The piston in the examples
below converts more of the accessible heat into mechanical
action. This results in higher power generation than in
cases when pure gasoline or a combination of gasoline and
ethanol is used.

LUBRICATING OIL DEGRADATION

Long-term engine usage can degrade the lubricating oil’s
characteristics, reducing the engine’s lifespan. The most
prevalent issue in engines is “crankcase dilution,” which
involves diluting gasoline with engine oil. When gasoline
is reinserted into the crankcase, it dilutes the lubricating
oil, leading to severe deterioration and affecting the oil’s
density, viscosity, and other qualities (Sinha and Agarwal
2010). The quantity of wear particles in used engine oil
may be measured to assess the oil’s quality and determine
when to replace it. Itis also beneficial to start engine repair
as soon as feasible (Adhikesavan, Ganesh et al. 2022). The
experiment was carried out continuously for 100 hours
(Smith, Hopwood et al. 2002) in order to have a better
understanding of the tribological characteristics of

lubricating oil. A fuel sample was examined every ten
hours. An endurance test was conducted on a direct
injection gasoline engine to ascertain several elements of
lubricating oil properties and wear estimate. The test took
one hundred hours to complete. The engine was started
and kept running for the required amount of time using
gasoline. Second, the engine ran for the same amount of
time while feeding PF100 and PF90E10. Samples of
engine lubricating oil were routinely collected. The
lubricating oil samples were then put through testing to
determine their different characteristics. These factors
were used to track the lubricating oil’s performance.
Lubrication is one of motor oil’s main purposes. Engine
lubricant oil removes heat from essential engine
components, reduces wear and friction, and protects engine
parts from oxidation and corrosion.

CADMIUM (CD)

As seen in Figure 8, the measurement of cadmium levels
in lubricating oil during long-term endurance testing is
displayed on a graph of various blends. Engine oil’s
cadmium content is seen in Fig. 8.

It was discovered that the element’s concentration
value was low in the binary mix (PF90E10). Blends were
discovered to be better for this element on engine materials
and wear when 10% ethanol was included.
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FIGURE 8. Cadmium concentration

CONCLUSION

The study investigated how PFO0E10 and PF100 affected
the sound emissions and engine debris analysis of a
compression ignition direct injection engine. The



following results were derived from the experiments. One
leg in this study, gasoline fuel was used to compare and
analyze engine exhaust valve deposition: When it came to
deposit analysis during endurance testing on blends,
PF90E10 demonstrated superior decrease in comparison
to baseline fuel. Visual inspection revealed some deposit
deposition in the engine exhaust valve operating on either
fuel (PF or PF90E10). However, it was discovered that the
engine running on PF was dirtier than the engine running
on PF90E10. Engine exhaust valve deposits were
significantly lower when the engine was operated with
PF90E10 than when it was run with PF, according to SEM
and EDX examination at the conclusion of the endurance
test. The analysis showed that there was not a consistently
thick layer of carbon present in the deposition. Furthermore,
the engine exhaust valve was not substantially hampered
by deposits on and around the engine exhaust valve. Lastly,
in comparison to PFO90E10, the baseline fuel mix produced
a greater sound level during the engine noise emission test.
Because each fuel’s characteristics affect the ignition delay
time and combustion efficiency, the binary blend generated
the lowest sound level as compared to PF100. This was
because the test fuel’s oxygen concentration increased. For
engine noise, this shown that PF90E10 gasoline is
appropriate. Furthermore, the Lubrication oil debris
cadmium (Cd) were also showed that less debris
concentration as compared to baseline.
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