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Abstract:

The shortcomings of fossil fuels and the Earth's increasing temperature have
raised researchers' interest in alternative fuels for use in automobiles. In this
study, biodiesel blends containing 20%, 40% and 60% soybean oil-based
biodiesel (B20 and B40) along with cerium oxide (CeO2) at concentrations of
30, 60, and 90 ppm (denoted as C30, C60, C90) were added to pure diesel.
The resulting blends were labelled as B20C30WOE, B20C60WOE,
B20C90WOE, B20C30WE, B20C60WE, B20C90WE for B20, and similarly
for B40, B60 and D100, with and without exhaust gas recirculation (EGR)
(denoted as WOE and WE). The selection of cerium oxide and soybean
biodiesel was based on their excellent thermophysical properties. The
experimental trials were conducted on a constant speed and compression ratio
of 18 in a CI engine for all the blends mentioned earlier, at variable loads of
0%, 25%, 50%, 75%, and 100%. The study focused on evaluating the
performance and emission parameters. The brake thermal efficiency of
B60C60WE is 39.26% higher and of B60CO9OWOE is 21.67% higher when
comparing with and without EGR. This shows that as the concentration of
cerium oxide increases at higher (100%) load, the thermal performance
improves with EGR compared to pure diesel (D100). The lowest brake-
specific fuel consumption (BSFC) was observed for BOOC60WE at full load
in comparison to diesel. The different exhaust gases were analyzed by an AVL
gas analyzer, and it was observed that the addition of cerium oxide mixed in
soybean oil helps to minimize emissions such as HC, CO, CO,, and NOx in
biodiesel blends compared to pure diesel. This improvement is due to the
combined effect of oxidation and the thermal properties of cerium oxide.
Keywords: Biodiesel, Emissions , Break specific fuel consumption
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1. INTRODUCTION

As the global population grows, more

people own vehicles, leading to increased emissions of oxides of nitrogen (NOX) and
greenhouse gases; NOx is produced when fuels burn at high temperatures and contribute to
harmful effects like 0zone smoke, acid rain and reduced water quality fast the fuel burned.
A diesel engine uses a mix of diesel and 20% biodiesel, along with different amounts of
exhaust gas recirculation. They found that using 20% biodiesel with 20% Exhaust gas
recirculation (EGR) made the engine less efficient, producing less power from the same
amount of fuel. It also used more fuel and produced fewer NOx emissions, which are
harmful pollutants, increasing EGR levels and slightly increasing emissions like carbon
monoxide, hydrocarbon, and smoke [1]. Using biodiesel, which contains oxygen, can also
raise NOx emissions. The EGR is used in diesel engines to solve this issue. EGR reduced
NOx by lowering oxygen levels in the combustion chamber.In this study, researchers tested
a Mitsubishi diesel engine using palm-biodiesel fuel and EGR. They found that using
biodiesel with EGR decreased engine power and torque, increased fuel consumption, and
lowered NOx emissions. There was a slight increase in emissions like CO2, CO, and
particulate matter [2]. Researchers studied the best mix of aluminium oxide, carbon
nanotubes and silicon oxide nanoparticles in diesel fuel for a Yanmar TF 120 M engine.
They used BOX-Behnken’s response surface method to find the ideal combustion of these
additives and engine load to reduce fuel consumption, nitrogen oxides (NOX), and
hydrogen (HC) emissions [3]. They found that the best results came with an aluminium
oxide concentration of 45.62 PPM and the engine running at 50% load. This combination
gave the highest desirability regarding engine performance and emissions. Researchers
tested three types of fuel blend in an engine: MEME20, MEME20 with TiO2 nanoparticles
added, and MEME20 with 25% TiO2 nanoparticles added. They also used 20% exhaust gas
recirculation with different flow rates. Compared to using just MEME20 fuel, adding Tio2
nanoparticles increased BSFC by 3.6%, and adding TiO2 nanoparticles increased by 2.8%
at full load. When TiO2 nanoparticles are added, emissions of hydrocarbons and carbon
monoxide decrease. However, smoke emissions increased by 12.23% with
MEME20+25TiO2 and 20% EGR with 35% urea injection compared to MEME?20 fuel at
maximum load NOx emissions decreased by 17.11% to 60% with fuel blends and EGR
combustions. (Radhakrishnan Lawrence et al., 2020). This study examined how changing
the compression ratio and exhaust gas recirculation (FGR) rates affected a diesel engine
using 20% mango seed methyl ester (MEME20) fuel. When the compression ratio was
increased to 22.1. At full load with MEME20 fuel, brake thermal efficiency was a 7.4%
boost. Moreover, carbon monoxide emissions decreased by 33.3%, hydrocarbon emissions
dropped by 40%, and smoke opacity decreased by 7.1% compared to using MEME20, with
a compared ratio of 18.1[5]. In this experiment, researchers investigated the effects of
introducing hydrogen, nitrogen and exhaust gas into the inlet manifold of a CI engine. The
engine was a four-stroke, single-cylinder, water-cooled diesel engine operating at 1500
rpm. H2 and N2 were introduced into the inlet manifold using a high-pressure cylinder via
water and air-based flame arrestors at 2 bar pressure. The optimized flow rate of H2 was
determined, and then various flow rates of N2 were tested along with optimized exhaust
gas recirculation and H2 flow rates [6]. In this study, researchers examined how adding
multiwalled carbon nanotubes (MWCNTSs) and using exhaust gas recirculation affected a
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diesel engine running on B20 biodiesel made from Calophyllum inophyllum. MWCNTs
were added at 40 parts per million (ppm) to the B20 biodiesel and properly mixed using an
ultrasonic or. The results showed that using MWCNTs alone led to a 7.6% increase in
brake thermal efficiency. When EGR was used alone, there was a 2.42% decrease in
efficiency, but when both MWCNTs and EGR were used together, there was a 2.26%
increase in efficiency. The B2OMWCNT40 fuel showed the highest cylinder pressure and
heat release rate. Additionally, using MWCNTs decreased nitrogen oxide emissions by
25.6% to 29.7% [7]. Ozer and Erkan [8] investigated the effect of blending 20% soybean
biodiesel with diesel fuel and using exhaust gas recirculation at rates of 5%,10%, and
15%.they conducted experimenters on a single cylinder four stroke diesel engine at a
constant speed of 2200rpm. The results on a cylinder-stroke diesel engine at a constant
speed of 2200 rpm show that combining biodiesel and EGR increased both the maximum
heat release rate and the maximum cylinder pressure during combustion [8]. Chauhan et al.
[9] looked into adding hydrogen gas directly into the intake manifold of a diesel engine
running on biodiesel. They also adjusted the engine EGR system to control the EGR ratio
and temperature more accurately. This study tested a four-stroke vertical single-cylinder
diesel engine running at 1500 rpm using an eddy current dynamometer. The engine had a
static injection timing of 20 °BTDC and operated at a pressure of 250 bar; researchers
applied selective catalytic reduction and varied exhaust gas temperature to study their
effectiveness in reducing NOx emissions compared to a conventional engine setup. They
found that EGR improved [10]. In this investigation using C20 fuel with 25ppm and 40ppm
of TiO2 nano-additives, combined with 30% exhaust gas recirculation resulting in a 2.8%
increase in BSFC, a 6.5% reduction in BSFC while maintaining NOx emissions at diesel
levels, additional the inclusion of TiO2 nanoparticles led to further reduction in NOx
emissions by 17.34% and 21.83% respectively compared to using C20D alone [11]. In this
study researchers compared two engines one with a rotary fuel injection pump
electronically controlled and other with a common rail injection system. They optimized
both engines with different exhaust gas recirculation strategies and tested them under
various transient conditions [12]. In modified direct ignition engine tests were carried out
at different hydrogen ratios 0.5%, 5%, 10% and 25% and exhaust gas recirculation rates
0%, 5%, 10% and 20% to analyze combustion and emission characteristics. An additional
5% TiO2 was added to enhance combustion and reduce emissions. The result showed a
15% increase in torque with hydrogen addition, which improved mechanical efficiency due
to a more comprehensive throttle opening. Nitrogen oxide emissions decrease with
hydrogen fuel. Further tests on injection pressure revealed higher efficiency at 4 Mpa with
reduced NOx, indicating shorter flame development [13]. This study mixed 20%
Calophyllum Inophyllum biodiesel with 80% diesel to create B20 fuel and added TiO2
nanoparticles at a dosage of 40 ppm to form B2040TiO2 tests were conducted with B20,
B2040TiO2, B20+20% EGR, and B2040TiO2 and B2040TiO2 +20% EGR. However, a
decrease with B20+EGR, CO and HC emission decreased with TiO2 nanoparticles but
increased with EGR. Smoke emission was notable with B20+20% EGR and B2040TiO2
+20% EGR; NOx emissions decreased with EGR but increased with TiO2 nanoparticles.
The study concludes that B20 with Tio2 nanoparticle and EGR exhibits superior engine
performance and reduced emissions [14]. N-octanol blends up to 30% with fossil diesel
showed promising results in single-cylinder direct injection diesel engines; it prolonged
ignition delay, increased peak of in-cylinder pressure and heat release rates during pre-
mixed combustion, and improved brake thermal efficiency while reducing break-specific
fuel consumption. Additionally, it decreased emissions of smoke, NOx, HC and CO, with
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NOx and smoke emissions remaining low at all exhaust gas recirculation (EGR) rates.
However, both BTE and BSFC were negatively impacted at higher EGR rates, while HC
and CO emissions increased overall; n-octanol demonstrated potential as a sustainable fuel
alternative for diesel [15]. Investigate the addition of alumina nanoparticles 40 ppm to a
Calophyllum inophyllum biodiesel blend (CIB20) improved BSFC by 5.04% and 7.71%
compared to CIB20 and CIB20ANP40+20% EGR fuels, respectively. CO and HC
emissions were reduced with alumina nanoparticles, and smoke opacity decreased by 7.3%
compared to CIB20, CIB20ANP40, and CIB20+20% EGR fuels, respectively, at full load
conditions [16]. The study investigated the impact of blending low-viscosity biofuels,
specifically pine oil and orange oil, with jatropha methyl ester (JOME), combined with
EGR; blends of JOME with 30% volume, and Orange oil were tested at 10%, 15% and
20% EGR rates across various load conditions and base fuels. Results showed that the
JOME operation increased NO emission by 4% and reduced smoke opacity by 10%
compared to diesel at maximum load conditions. However, JOME with low viscosity
biofuels reduced smoke, so blending of EGR and JOME70+P0O30 and JOME70+ O30
helped reduce NO emissions with a slight increase in smoke opacity. The optimal
configuration considering the NO smoke trade-off was found to be JOME70030+EGE,
where NO emissions were reduced by 14% and 11% compared to JOME and Diesel,
respectively, while smoke opacity decreased by 5% and 15% compared to JOME and diesel
at maximum load conditions [17]. The study investigated neat lemongrass oil as an
alternative fuel in compression ignition engines. LGO25, cerium oxide blended emulsified
LG20 with exhaust gas recirculation, compared with standard diesel and LGO25 blends.
The combustion of DEE-added nano-emulsified LGO25 with EGR significantly reduced
NOX and smoke emissions by 18.18% and 33.33%, respectively, compared to LGO25
[18]. Investigate the increasing atmosphere pressure, which improves diesel engine power
performance and economy, with improvements ranging from 1.5% to 11.7% across
different loads. Smoke emissions increase with increasing EGR rate, while NOx emissions
decrease, HC and CO emissions decrease with increasing EGR rate [19]. This research
proposal focuses on blending 30% palm biodiesel with 70% diesel b30 along with 25ppm
TiO2 nanoparticles in an EGR system. At higher engine loads, smoke emissions from
PBNEGR are lower than PB-EGR, and the synergistic effect of nanoparticles, biodiesel,
and EGR enhances performance while minimising exhaust emissions [20]. Researchers
investigated the effect of a blend containing MWCNT at 40 ppm with a 20% triazine-
capped spherical Activated Carbon with EGR rates on various performance parameters of
CI Engine. The fuel blend MWCNT 40ppm B20TCSAO has lower emissions than diesel
without EGR. Moreover, BTE is increased compared to diesel when 5% EGR is applied
[21]. The fuel sample was tested using rice bran biodiesel blended with ceria and zirconia
nanoparticles. Experimental was done by using B30, B30+15% EGR, B30+50CeO2 15%
EGR, B30+50ZrO2+15%EGR and B30+25ZrO2+25Ce02+15% EGR. BSFC was
increased by 8%, BSFC by 9%, heat release rate by 4.3%, and cylinder pressure by
2.8%.exhaust emissions decreased by 30%, 19% and 13.3% CO, HC and NOx [22]. A
study on EGR rates on diesel engines with a BI6M20 mixture found that adding 50ppm
and 100 ppm nano-TiO2 to B16M20 reduced BSFC by 6.47%, 100 nano-TiO2 with 10%
EGR improved BTE by 4.53% compared to pure diesel 100 ppm nano-TiO2 with 20%
EGR lowered NOX levels by 26.48%, Higher EGR rates led to increasing soot levels.
However, pressure injection reduced soot emissions from B16M20 by 28.57%, and the
concentration of 100 ppm nano-TiO2 PM decreased by 59% compared to diesel alone. Soot
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oxidation was improved by EGR and TiO2, with the latter producing more reactive soot
than diesel alone [23].

Table 1.

Nano Addtives/ Concentratio BSFC CcO NOX | SMOKE

Ref. Base fuel n (ppm) (%) BTE (%) (%) HE (%) (ppm) (%)

Titanium dioxide
(TiO2)/Acacia
[24] Concinna 150 3.257 18.42 1 - 3817 - 207
biodiesel (40%
by vol.)

ZnO/ Waste 13.92
cooking oil 90.9 30.75 MI/KWh 0.057] | 34.68] | 717.2] -

100 ppm
[25] Zn0O/10% SB
concentration, 100 41.62 | 13.74 1 25] 11.5] - 39|
20%water
concentration

Nickel
Oxide/Neem
biodiesel blend
of 25% (NB25)

[26] 25,50 24.6] 17% 1 1.6] | 2241 | 5.1y -

AlO2/Methyl

[27] Ester of Jatropha

30 35.2) - 0.08 - 20 | -

Carbon Nano
[28] Tubes/neem 500, 100 20.3] 14.2] 59| 6.7 9.2} 7.8]
biodiesel-fueled

CeO2/neat palm
oil methyl ester

[29] 12, 20, 30 20 104 36, | 42] | 3.8 6.4]

2. Material and Methods
2.1 preparation of soyabean biodiesel

Soybean biodiesel is prepared by transesterification, where vegetable oils or animal fats
react with methanol or ethanol in the presence of a catalyst, such as sodium hydroxide or
potassium hydroxide. This reaction converts the triglycerides in the oils or facts into fatty
methyl ester, which constitutes biodiesel, and glycerol as a by-product. Sodium Hydroxide
acts as a catalyst by facilitating the reaction and increasing its rate without being consumed
in the processes.

CH>—OOC—R CH>—OH
(|3H—OOC— R+ 3CH30H 3CH; — O—COR + CH—l)H
(|3H2—OOC—R CH,—OH |
Triglycerides Methanol Biodiesel Glycerol

2.1 Feasibility of Soyabean biodiesel
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Biodiesel coursed from plants like soyabean

Soybean has rapidly become the top oilseed crop in India, with approximately 10 million
hectares dedicated to its cultivation. India is divided into five agro-climatic zones suited for
soybean production, highlighting its widespread adaptability across the country. Soybean
growing in states like Maharashtra, Madhya Pradesh, Rajasthan, Karnataka, Andhra
Pradesh, and Chhattisgarh surpassed other oilseeds in area and production. It is mainly
grown as a rain fed-crop in vertosols and associated soils; biodiesel is environmentally
friendly. It produces fewer emissions and pollutants, contributing to lower greenhouse
gases and cleaner air.

2.2 Selection of Soyabean biodiesel and nanoparticles
In the present investigation lower-level blends of soyabean

Biodiesel and nanoparticle cerium oxide have been used. The concentration of cerium
oxide and biodiesel is used for the single-cylinder diesel engine. Biofuel has low emissions
and performance and is an effective solvent without engine modification. Biodiesel has still
more significant greenhouse gas benefits than regular diesel fuel.

3. Experimental set up

A single-cylinder diesel engine, powered at 5.2 kW and running at a constant speed of 1500
rpm, was used for testing. It was equipped with a piezo-electric pressure sensor to measure
cylinder pressure and connected to an eddy dynamometer for break load, as shown in Table
1. Exhaust gas emissions were analysed using an AVL 444. Smoke opacity was measured
with an AVL-437C smoke meter. Tests were conducted with diesel and biofuel with and
without EGR at various load conditions. EGR reduces NOX emission by replacing some
fresh air in the combustion chamber with exhaust gases, lowering the oxygen concentration
and increasing the mixture's specific heat capacity, resulting in decreased NOx emissions
percentage, the mass percentage of recirculated exhaust in the total intake mixture.

Mass of air in without EGR—Mass of air in with EGR
% EGR = (1)

Mass of air in without EGR

Table 2. list of instruments and their range, accuracy, and uncertainty

Instrument Measurement Range Accuracy Uncertainty

CO 0-10% Vol. +0.03% +0.2%

- 0, 0 0
AVL DI Gas Five gas CO, 0-20% Vol. +0% +0.15%
analyser HC 0- 20,000 ppm +10 ppm +0.2%

0 0-22% Vol. +0.1% +0.5

NOx 0-5000 ppm +50 ppm +1
AVL 437 Smoke meter Opacity 0-100 0.01 +1%

4 Results and discussion

EGR is a common and effective way to lower NOx emissions in diesel engines using
biodiesel. It works by sending some of the exhaust gas, which contains CO2, back into the
engine during combustion. This helps to reduce the engine's temperature and NOx
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emissions. It is a simple and effective method. A valve in the intake manifold controls the
recirculation of exhaust gas. The flow rate of EGR is calculated by measuring the
concentration of CO2 in the exhaust and intake manifold. The following equation
calculates the EGR rate.

% of CO2 intake

) =
EGR(%) % of CO2 exhaust X 100

In this study, we utilize an exhaust gas analyzer to quantify the CO2 emitted through the
exhaust manifold and tailpipe after combustion. Through experimentation, we adjusted the
exhaust gas recirculation within the range of 20% for all the fuels. Subsequently, these
results are obtained from diesel engines with and without EGR due to the impact of EGR
on emissions for different fuel compositions.

Characterisation of CeO> nanoparticle

CeO2 nanoparticles were synthesised using the solvothermal method. The size of the CeO2
nanoparticle was 20nm, which was used in this study.

e Emission characteristics
CO emissions

Figure 1 shows the variation of CO emission concerning various loads by adding the CeO2
nanoparticle. It is observed that at D100C30, having 14.25% reduces the Emission with
EGR and 10.34% without EGR at full load when the nanoparticle is blended with pure
diesel. Moreover, D100C60 has a 10.34 % reduction in CO emission with EGR while a
6.25 % reduction without EGR at full load.

o [E==gp100
0.35+ D100C30WOE [ D100C30WE,
DA00CE0VOE [ D100CE0WE,
(| D100C90WOE 0.35 7 |[__| D100CsowE
0304 ;M&--f\fé I 520C30WE
. = EMMEWDE [ 520C60WE
B B20C90WE

E mxa:wgi 0.30 =] B40C30WE
0.25 - B BeocouwoE BAOCEOWE
§ BEOCIIWOE (B B40coowe

BEOCEOWOE 0.25 - | B60C30WE
—~ [ B60C9aWOE [L_]Beoceowe
=020 —_ [ BE0COOWE
o = 0.2
[ % 0.20
8 0.154 5
0.15
Q

e
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Figure 1. Variation of CO emission with respect to load for different fuel blends at (a) with
EGR (b) without EGR.
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| [ D100C30WE!
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Figure 2 shows the variation of CO2 emission with respect to load for different fuel blends
at (a) with EGR (b) without EGR

Figure 2 shows the variation of various blends with different loads. It is observed that
D100C90, having 2.98%, reduced the CO2 emission with EGR, while the same blend
reduced 13.11% without EGR at full load conditions. B20C90 had 21.06 % reduced
emission with EGR, while at full load, 10.12% reduced the CO2.and B40C90 had 37. 14%
reduced without EGR at full load, while 6.15% reduced CO2 without EGR.

HC (PPM)
HC (PPM)

50
LOAD (%)

50
LOAD (%)

Figure 3 shows the variation of HC emission with respect to load for different fuel blends
at (a) with EGR (b) without EGR

Figure 3 shows the emission of HC for the various blends. Adding different amounts of
CeO2 nanoparticles to various fuels reduces hydrocarbon (HC) emissions. We are
explicitly adding 30ppm, 60ppm and 90ppm of cerium oxide. Blend WE show an 11.53%
reduction during the exact blend of 34.19 % without EGR at complete load condition.
Reduction with the same blend is 4.34%, with EGR at 75% engine load. Blend B40C90
shows a 13.75 % reduction in HC with EGR and with the same blend 10.34 without EGR

at full load.
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Figure 4 shows the variation of NOX emission with respect to load for different fuel blends
at (a) with EGR (b) without EGR

NOx emissions are formed during combustion and depend on the time and fuel spent in the
combustion chamber; extra oxygen presents a high combustion temperature. The variation
in NOx emissions for different fuels is shown in Figure 4. The NOx emission from various
blends and percentages of nanoparticles reduced the emission with EGR. The blend
B20C90 has a 37.77% reduction in NOx without EGR and a 27.77% reduction with EGR
at an ideal condition. Blend B20C90 has 54.19% without EGR and 50% with EGR
reduction in NOx at 25% load. B40C30 86.07 % reduction in NOx without EGR while at
50% reduction in EGR. At 25% load. B60C30 reduces the 67.73% NOx without EGR and

62.96% reduction with EGR at full load condition.

g
i
:
:

i5d
333

Il 650C80W0OE

"

Q 25 50 75 100 ) aQ 25 50 75
LOAD (%)

SMOKE (PPM)
g8 8
SMOKE (PPM)

3

=)

100

LOAD (%)

Figure 5 shows the variation of Smoke emission with respect to load for different fuel
blends at (a) with EGR (b) without EGR

The smoke emission reduced with the additions of CeO2 nanoparticles get bonded during
the combustion phase and lower the formation of soot; it also increases fuel combustion
efficiency, promotes better combustion and reduces NOx emission was observed for test
fuel at various proportions. B40C90 has a 6.56% reduction of NOx with EGR and a 6.54%

reduction without EGR in full load conditions.
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Figure 6 shows the variation of BSFC emission with respect to load for different fuel
blends at (a) with EGR (b) without EGR

The difference in BSFC for tested fuels at various conditions is shown in Figure 6. BSFC
from soybean biodiesel with cerium oxide nanoparticles is lesser than the diesel. Adding of
30, 60 and 90 ppm of nanoparticles resulted in 1.16%, 1.18%, 1.3%, 0.31%, 0.36%, 0.25%,
0.61% of B20C60, B20C90, B40C30, B40C90, B60C30, B60C60 and B60C90
respectively. Moreover, without EGR, it resulted in 0.28%, 0.85%, 1%, 1.14%, 0.02%,
0.24%, 0.01% and 0.42%. CeO2 nanoparticles complete combustion by giving off oxygen.
(Pandian et al. 2017) CeO2 nanoparticles also help transfer heat between the fuel and air
and mix fresh fuel with the burnt inside the combustion chamber (Devarajan et al.).The
BSFC for tested fuels reduced at 20% of EGR. When using EGR, oxygen in the air
decreases during combustion. They are leading to incomplete burning and poor combustion
(Mahalingam et al 2018). Lower BSFC is observed because fuels have less oxygen content
and burn at lower temperatures (yuvarajan et al. 2016).
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Figure 7 shows the variation of BTE emission with respect to load for different fuel blends
at (a) with EGR (b) without EGR

The figure shows the variations of BTE for fuels, as shown in Figure 7. The BTE from
soybean biodiesel and cerium oxide nanoparticles is less than that of pure diesel. Adding
30, 60, and 90 ppm of CeO2 nanoparticles into pure diesel resulted in 0.3% without EGR
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and 0.2% with EGR at all loads compared to neat diesel. A comparative fall in BTE was
observed for tested fuel during 20% EGR.

5. CONCLUSION

This study examines adding CeO2 nanoparticles to a soybean biodiesel blend to find a CI
engine's performance and emissions. The test was twelve different concentrations of
Ce02 and diesel as D100C30, D100C60, D100C90 and B20C30, B20C60, B20C90 and
B40C30, B40C60, B40C90 and B60C30, B60C60, B60C90 ppm. The engine used these
blends at 0%, 25%, 50%, 75% and 100% load with 20% EGR and Without EGR. The
findings on engine emissions are as follows: BTE increases, and BSFC reduces with
increasing Ce02.CO HC emissions are low for EGR. NOx and smoke emissions drop with
increasing CeO2 nanoparticle concentration.
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