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Abstract

The rapid depletion of crude oil and environmental degradation necessitate the search for alternative fuel sources for
internal combustion engines. Biodiesel is a promising alternative fuel for compression ignition (Cl) engines due to its heat
content and combustion properties. Biodiesel blends are used in various vehicles and equipment, such as cars, trucks,
buses, off-road vehicles, and oil furnaces. Biodiesel can reduce emissions from Cl engines by up to 75% and improve
engine durability due to its high lubricity. However, biodiesel has some drawbacks, including a performance reduction and
increased nitrogen oxide emissions. Therefore, this study aims to investigate using environmentally available biodiesel in a
low-heat rejection engine and an antioxidant additive to enhance the performance and reduce nitrogen oxide emissions.
India currently has several biodiesel sources, including mango seed oil, mahua oil, and pongamia oil, which can be
effectively utilized in Cl engines by adding I-ascorbic acid. The experimental work involves a single-cylinder 4-stroke water-
cooled direct injection Cl engine with a power output of 5.2 kW. The engine’s cylinder head, piston head, and valves are
coated with lanthanum oxide using the plasma spray coating technique, with a thickness of 0.5 mm. The coated and
uncoated engines are tested with different proportions of mahua oil, mango seed oil, and pongamia oil. The results show
that the engine’s performance is significantly improved compared to the baseline engine at all loads. Additionally, these
biodiesels exhibit a notable reduction in nitrogen oxide emissions when combined with l-ascorbic acid. © 2023 The Authors.
Published by American Chemical Society.

References

« Ebrahimian, E., Denayer, J.F.M., Aghbashlo, M., Tabatabaei, M., Karimi, K.
Biomethane and Biodiesel Production from Sunflower Crop: A Biorefinery
Perspective
(2022) Renewable Energy, 200, pp. 1352-1361.

« Elgharbawy, A.S., Ali, R.M.
Techno-Economic Assessment of the Biodiesel Production Using Natural Minerals
Rocks as a Heterogeneous Catalyst via Conventional and Ultrasonic Techniques
(2022) Renewable Energy, 191, pp. 161-175.

« Mawlid, O.A., Abdelhady, H.H., EI-Deab, M.S.
Boosted Biodiesel Production from Waste Cooking Oil Using Novel
SrO/MgFe204Magnetic Nanocatalyst at Low Temperature: Optimization Process
(2022) Energy Convers. Manag., 273, p. 116435.

« Ashfaque Ahmed, S., Soudagar, M.E.M., Rahamathullah, |., Sadhik Basha, J., Yunus
Khan, T.M., Javed, S., Elfasakhany, A., Kalam, M.A.
Investigation of Ternary Blends of Animal Fat Biodiesel-Diethyl Ether-Diesel Fuel on
CMFIS-CI Engine Characteristics
(2023) Fuel, 332, p. 126200.

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1711406746&eid=2-s2.0-85174939850&sort=&clicked... 1/5



11/7/23, 8:26 AM Scopus - Print Document

« Saravanan, A., Karishma, S., Senthil Kumar, P., Jayasree, R.
Process Optimization and Kinetic Studies for the Production of Biodiesel from
Artocarpus Heterophyllus Oil Using Modified Mixed Quail Waste Catalyst
(2022) Fuel, 330, p. 125644.

« Yaashikaa, P.R., Keerthana Devi, M., Senthil Kumar, P., Pandian, E.
A review on biodiesel production by algal biomass: Outlook on lifecycle
assessment and techno-economic analysis
(2022) Fuel, 324, p. 124774.

« Nayab, R., Imran, M., Ramzan, M., Tariq, M., Taj, M.B., Akhtar, M.N., Igbal, H.M.N.
Sustainable Biodiesel Production via Catalytic and Non-Catalytic Transesterification
of Feedstock Materials - A Review
(2022) Fuel, 328, p. 125254.

+« Wu, G., Wang, X., Abubakar, S., Li, Y.
A Skeletal Mechanism for Biodiesel-Dimethyl Ether Combustion in Engines
(2022) Fuel, 325, p. 124834.

« Rajendran, N., Kang, D., Han, J., Gurunathan, B.
Process Optimization, Economic and Environmental Analysis of Biodiesel
Production from Food Waste Using a Citrus Fruit Peel Biochar Catalyst
(2022) J. Clean. Prod., 365, p. 132712.

« Yahya, M., Dutta, A., Bouri, E., Wadstrom, C., Uddin, G.S.
Dependence Structure between the International Crude Oil Market and the European
Markets of Biodiesel and Rapeseed Oil
(2022) Renewable Energy, 197, pp. 594-605.

« Zhu, X,, Liu, S., Wang, Z., Zhang, Q., Liu, H.
Study of the Effect of Methanol/Biodiesel Fuel Mixtures on the Generation of Soot
Particles and Their Oxidation Reactivity
(2023) Fuel, 341, p. 127632.

« Marousek, J., Strunecky, O., Barto$, V., Vochozka, M.
Revisiting Competitiveness of Hydrogen and Algae Biodiesel
(2022) Fuel, 328, p. 125317.

« Szulczyk, K.R., Badeeb, R.A.
Nontraditional Sources for Biodiesel Production in Malaysia: The Economic
Evaluation of Hemp, Jatropha, and Kenaf Biodiesel
(2022) Renewable Energy, 192, pp. 759-768.

« Zhang, W., Wang, C., Luo, B., He, P., Zhang, L., Wu, G.
Efficient and Economic Transesterification of Waste Cooking Soybean Oil to
Biodiesel Catalyzed by Outer Surface of ZSM-22 Supported Different Mo Catalyst
(2022) Biomass Bioenergy, 167, p. 106646.

« lyyappan, J., Jayamuthunagai, J., Bharathiraja, B., Saravanaraj, A., Praveen Kumar, R.,
Balraj, S.
Production of Biodiesel from Caulerpa Racemosa Oil Using Recombinant Pichia
Pastoris Whole Cell Biocatalyst with Double Displayed over Expression of Candida
Antartica Lipase
(2022) Bioresour. Technol., 363, p. 127893.

+« Zhang, X,, Li, N., Wei, Z., Dai, B., Han, S.
Synthesis and Evaluation of Bifunctional Polymeric Agent for Improving Cold Flow
Properties and Oxidation Stability of Diesel-Biodiesel Blends
(2022) Renewable Energy, 196, pp. 737-748.

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1711406746&eid=2-s2.0-85174939850&sort=&clicked... 2/5



11/7/23, 8:26 AM Scopus - Print Document
+« Sharma, P., Sharma, A.K., Balakrishnan, D., Manivannan, A., Chia, W.Y., Awasthi, M.K.,
Show, P.L.
Model-Prediction and Optimization of the Performance of a Biodiesel - Producer
Gas Powered Dual-Fuel Engine
(2023) Fuel, 348, p. 128405.

« Gohar Khan, S., Hassan, M., Anwar, M., Zeshan, Masood Khan, U., Zhao, C.
Mussel Shell Based CaO Nano-Catalyst Doped with Praseodymium to Enhance
Biodiesel Production from Castor Qil
(2022) Fuel, 330, p. 125480.

« Uyumaz, A.
Experimental Evaluation of Linseed Oil Biodiesel/Diesel Fuel Blends on
Combustion, Performance and Emission Characteristics in a DI Diesel Engine
(2020) Fuel, 267, p. 117150.

« Yesilyurt, M.K.
A Detailed Investigation on the Performance, Combustion, and Exhaust Emission
Characteristics of a Diesel Engine Running on the Blend of Diesel Fuel, Biodiesel
and 1-Heptanol (C7 Alcohol) as a next-Generation Higher Alcohol
(2020) Fuel, 275, p. 117893.

« Longati, A.A., Campani, G., Furlan, F.F., Giordano, R.D.C., Miranda, E.A.
Microbial Oil and Biodiesel Production in an Integrated Sugarcane Biorefinery:
Techno-Economic and Life Cycle Assessment
(2022) J. Clean. Prod., 379, p. 134487 .

« Sharma, V., Kalam Hossain, A., Ahmed, A., Rezk, A.
Study on Using Graphene and Graphite Nanoparticles as Fuel Additives in Waste
Cooking Oil Biodiesel
(2022) Fuel, 328, p. 125270.

« Mahmoud, A.H., Hussein, M.Y., Ibrahim, H.M., Hanafy, M.H., Salah, S.M., EI-Bassiony,
G.M., Abdelfattah, E.A.
Mixed Microalgae-Food Waste Cake for Feeding of Hermetia lllucens Larvae in
Characterizing the Produced Biodiesel
(2022) Biomass Bioenergy, 165, p. 106586.

« Chen, Y, Long, F., Huang, Q., Wang, K., Jiang, J., Chen, J., Xu, J., Nie, X.
Biodiesel Production from Rhodosporidium Toruloides by Acidic lonic Liquids
Catalyzed Hydrothermal Liquefaction
(2022) Bioresour. Technol., 364, p. 128038.

« Gupta, R., McRoberts, R., Yu, Z., Smith, C., Sloan, W., You, S.
Life Cycle Assessment of Biodiesel Production from Rapeseed Oil: Influence of
Process Parameters and Scale
(2022) Bioresour. Technol., 360, p. 127532.

+« Wahyono, Y., Hadiyanto, H., Gheewala, S.H., Budihardjo, M.A., Adiansyah, J.S.
Evaluating the Environmental Impacts of the Multi-Feedstock Biodiesel Production
Process in Indonesia Using Life Cycle Assessment (LCA)

(2022) Energy Convers. Manag., 266, p. 115832.

+« Manimaran, R., Venkatesan, M., Tharun Kumar, K.
Optimization of Okra (Abelmoschus Esculentus) Biodiesel Production Using RSM
Technique Coupled with GA: Addressing Its Performance and Emission
Characteristics
(2022) J. Clean. Prod., 380, p. 134870.

« Zhang, X,, Li, N., Wei, Z., Dai, B, Lin, H., Han, S.
Enhanced the Effects on Improving the Cold Flow Properties and Oxidative Stability

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1711406746&eid=2-s2.0-85174939850&sort=&clicked... 3/5



11/7/23, 8:26 AM Scopus - Print Document
of Diesel-Biodiesel Blends by Grafting Antioxidant on PMA Type Pour Point
Depressant
(2022) Fuel Process. Technol., 238, p. 107483.

« Song, S.S., Tian, B.C., Chen, H., Chi, Z., Liu, G.L., Chi, Z.M.
Transformation of Corncob-Derived Xylose into Intracellular Lipid by Engineered
Strain of Aureobasidium Melanogenum P10 for Biodiesel Production
(2022) Renewable Energy, 200, pp. 1211-1222.

« Torkzaban, S., Feyzi, M., norouzi, L.
A Novel Robust CaO/ZnFe204 Hollow Magnetic Microspheres Heterogenous
Catalyst for Synthesis Biodiesel from Waste Frying Sunflower Oil
(2022) Renewable Energy, 200, pp. 996-1007.

« Karimi, S., Saidi, M.
Biodiesel Production from Azadirachta India-Derived Oil by Electrolysis Technique:
Process Optimization Using Response Surface Methodology (RSM)
(2022) Fuel Process. Technol., 234, p. 107337.

« Tamjidi, S., Kamyab Moghadas, B., Esmaeili, H.
Ultrasound-Assisted Biodiesel Generation from Waste Edible Oil Using
CoFe204@GO as a Superior and Reclaimable Nanocatalyst: Optimization of Two-
Step Transesterification by RSM
(2022) Fuel, 327, p. 125170.

« Kukana, R., Jakhar, O.P.
Effect of Ternary Blends Diesel/n-Propanol/Composite Biodiesel on Diesel Engine
Operating Parameters
(2022) Energy, 260, p. 124970.

« Han, K, Lin, Q., Liu, M., Meng, K., Ni, Z,, Liu, Y., Tian, J., Qiu, Z.
Experimental Study on the Micro-Explosion Characteristics of Biodiesel/1-Pentanol
and Biodiesel/Methanol Blended Droplets
(2022) Renewable Energy, 196, pp. 261-277.

« Aghel, B., Gouran, A., Parandi, E., Jumeh, B.H., Nodeh, H.R.
Production of Biodiesel from High Acidity Waste Cooking Oil Using Nano GO@MgO
Catalyst in a Microreactor
(2022) Renewable Energy, 200, pp. 294-302.

« Li, R.,, Wang, S., Zhang, H., Li, F., Sui, M.
Synthesis, Antioxidant Properties, and Oil Solubility of a Novel lonic Liquid
[UIMOY2] [C6H2(OH)3CO0OO0] in Biodiesel
(2022) Renewable Energy, 197, pp. 545-551.

« Jayaraman, J., Dawn, S.S., Appavu, P., Mariadhas, A., Joy, N., Alshgari, R.A., Karami,
A.M., Kumar, J.A.
Production of Biodiesel from Waste Cooking Oil Utilizing Zinc Oxide Nanoparticles
Combined with Tungsto Phosphoric Acid as a Catalyst and Its Performance on a CI
Engine
(2022) Fuel, 329, p. 125411.

+« Zhang, Y., Lou, D., Tan, P, Hu, Z., Fang, L.
Effects of Waste-Cooking-Oil Biodiesel Blends on Diesel Vehicle Emissions and
Their Reducing Characteristics with Exhaust after-Treatment System
(2022) J. Clean. Prod., 381, p. 135190.

« Gowrishankar, S., Krishnasamy, A.
Novel Surfactants for Stable Biodiesel-Water Emulsions to Improve Performance
and Reduce Exhaust Emissions of a Light-Duty Diesel Engine
(2022) Fuel, 330, p. 125562.

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1711406746&eid=2-s2.0-85174939850&sort=&clicked...

4/5



11/7/23, 8:26 AM Scopus - Print Document

« Elumalai, P.V., Parthasarathy, M., Murugan, M., Saravanan, A., Sivakandhan, C.
Effect of Cerium Oxide Nanoparticles to Improve the Combustion Characteristics of
Palm Oil Nano Water Emulsion Using Low Heat Rejection Engine
(2021) Int. J. Green Energy, 18, pp. 1482-1496.

« Sivalingam, A., Perumal Venkatesan, E., Roberts, K.L., Asif, M.
Potential Effect of Lemon Peel Oil with Novel Eco-Friendly and Biodegradable
Emulsion in Un-Modified Diesel Engine
(2023) ACS Omega, 8 (21), pp. 18566-18581.

« Ramalingam, K., Vellaiyan, S., Venkatesan, E.P., Khan, S.A., Mahmoud, Z., Saleel, C.A.
Challenges and Opportunities of Low Viscous Biofuel-A Prospective Review
(2023) ACS Omega, 8 (19), pp. 16545-16560.

Correspondence Address
Venkatesan E.P.; Department of Mechanical Engineering, India; email: elumalaimech89@gmail.com
Rajendran S.; Department of Mechanical Engineering, Tamil Nadu, India; email: simbu2explore@gmail.com

Publisher: American Chemical Society

ISSN: 24701343

Language of Original Document: English
Abbreviated Source Title: ACS Omega
2-s2.0-85174939850

Document Type: Article

Publication Stage: Article in Press
Source: Scopus

ELSEVIER Copyright © 2023 Elsevier B.V. All rights reserved. Scopus® is a registered
trademark of Elsevier B.V. & RELX Group™

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1711406746&eid=2-s2.0-85174939850&sort=&clicked...

5/5



