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Abstract: Biodiesel is a low emission alternative fuel for diesel made from renewable resources like vegetable oils, and animal fats. India 
is not self-sufficient in petroleum and has to import two thirds of its requirements. So an alternate source of diesel is much needed. 

Though a number of oils are being considered the efficiency is lower fuel consumption is higher for biodiesel. We use some additives to 
improve the performance characteristics of bio diesel. Cerium oxide is a dual valence state rare earth metal with extraordinary catalytic 
activity due to its increased oxygen carrying capacity by forming oxygen vacancies and with the ability to shift between Ceo2 and 
Ce2O3. When used as an additive especially in Nano form it leads to a simultaneous reduction of nitrogen dioxide and oxidation of 
hydrocarbons. It reduces the emission of CO drastically Due to its oxygen buffering capability. The present work investigates the effect 
of cerium oxide nanoparticles on performance and emission characteristics of the engine using mango seed oil biodiesel. Load test was 
done in the diesel engine to investigate the effect of CeO2 nanoparticles on the performance and the emissions. comparisons of diesel, 
B100 mango seed biodiesel with and without additives are presented.  
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I.  INTRODUCTION AND BACKGROUND 

Automobile pollution has a severe influence on climatic changes and urban pollution because of the largely increased numbers 
of automobiles and depends completely on the fossil fuels. In this context, globally many types of research have been carried out 
in finding the suitable alternate fuel. The more promising alternate fuel globally accepted in future biofuel options are already 
available and is in the use of commercial applications. The state of current technology is focused on the commercialization of 
biodiesel production and gives a future development for the transportation sector and agriculture sector.  

Main issues related to biofuel usage are the efficiency of the system technology, negative environmental impact, and energy 
supply security. The chemical properties of the biodiesel long chain hydrocarbons, oxygen content, sulphur content varies from 
conventional fuel. In connection to exhaust emissions from a diesel engine, the use of biodiesel reduces Carbon monoxide and 
hydrocarbon emissions. 

In addition, the consumption of diesel oil in India is several times higher than that of petrol consumption. Due to a shortage of 
diesel fuel and its increasing cost, an alternate source of diesel is very much needed. While the country is short of petroleum 
reserve, it has large arable land as well as good climatic conditions with adequate rainfall in large part of the area to account for 
biomass production. Since they can be produced from the plants grown in rural areas and India being agriculture based country, 
so it is not a problem to produce vegetable oils 

A number of oils are being considered worldwide for use in engines. These include Mango seed oil, Karanja oil, Rice bran oil, 
Jatropha oil, Mahua oil, Cottonseed oil, Maize oil, Rapeseed oil, Sunflower oil, Babassu oil, Linseed oil, Soybean oil, Coconut 
oil, Neem oil, and Honne (or) Kiro seed oil. Vegetable oils have heat contents approximately 80-90% of the diesel fuel. But these 
vegetable oils are not directly used in diesel engines because these may affect the engine performance adversely due to great 
viscosity, less volatility and a high degree of unsaturation. The main disadvantage of high viscosity is that difficulty in fuel 
injection and cold flow pumping. The unsaturated oils are chemically less stable, which effects storage and promotes deposit on 
injector components and piston. There are also problems of incompatibility with engine lubricants. Difficulties with physical 
properties may be overcome by fairly simple chemical processing like esterification. 

India ranks high among the oilseed producing countries in the world with perhaps the largest number of commercially available 
varieties of oilseeds. In India the oilseeds like palm, sunflower, Karanja, Pongamia, rapeseed, Neem seed etc. are produced about 
400-500 kg per acre under irrigation. India has a very huge wasteland of millions of acres. If India invests money for cultivating 
these kinds of seeds it will prove to be economical since these plants are drought and insect resistant. Thereby decreasing 
dependency on OPEC countries for importing crude petroleum. 

The effect of cerium oxide on the size distribution and composition of diesel particulate matter has been studied by Skillas et 
al. which indicated a reduction in the accumulation mode, but an increase in ultra-fines. The catalytic effect of cerium oxide on 
diesel particulate matter oxidation has been studied by Lahaye et al. and observed that cerium oxide is present both on and within 
the soot as cerium oxides. Neeft et al. identified the metal oxides of copper and cerium as additives which will cause spontaneous 
regeneration as they uniformly distribute the particulates or soot, by catalyzing the combustion during regeneration. Stanmore et 
al.  performed experiments on the ignition and combustion of cerium oxide doped diesel soot and the results show a significant 
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increase in intrinsic oxidation rate with the presence of the metal additive. The present study aims at investigating effects of 
cerium oxide in the form of nano particles as additives in mango seed biodiesel on the performance and emission characteristics 

II.  BIODIESEL PRODUCTION 

phases Biodiesel can be produced from traditional vegetable oil, animal oil/fats, tallow, and waste oils. There are three simple 
ways to produce biodiesel from oils and fats: 

 Base-catalyzed transesterification of the oil. 
 Direct acid-catalyzed transesterification of the oil. 
 Conversion of the oil to its fatty acids and then to biodiesel. 

Almost all biodiesel is produced using base-catalyzed transesterification as it is the most economical process requiring only 
low temperatures and pressures and producing a 98% conversion yield. For this reason, only this process will be described. 

The Transesterification process is the reaction of a triglyceride (fat/oil) with an alcohol to form esters and glycerol. A 
triglyceride has a glycerin molecule as its base with three long chain fatty acids attached. The characteristics of the fat are 
determined by the nature of the fatty acids attached to the glycerin. The nature of the fatty acids can, in turn, affect the 
characteristics of the biodiesel. During the esterification process, the triglyceride is reacted with the alcohol in the presence of a 
catalyst, usually a strong alkaline like sodium hydroxide or potassium hydroxide. The alcohol reacts with the fatty acids to form 
the mono-alkyl ester or biodiesel and crude glycerol. In most production processes, methanol or ethanol is the alcohol used 
(methanol produces methyl esters, ethanol produces ethyl esters) and is base-catalyzed by either potassium or sodium hydroxide. 
Potassium hydroxide has been found to be more suitable for the ethyl ester biodiesel production, either base can be used for the 
methyl ester. 

The equation below shows the chemical process for methyl ester biodiesel. The reaction between the fat or oil and the alcohol 
is a reversible reaction and so the alcohol must be added in excess to drive the reaction towards the right and ensure complete 
conversion. 

 
The products of the reaction are the biodiesel itself and glycerol. A successful transesterification reaction is signified by the 

separation of the ester and glycerol layers after the reaction time. The heavier, co-product, glycerol settles out and may be sold as 
it is or it may be purified for use in other industries, e.g. the pharmaceutical, cosmetics etc. 

Straight vegetable oil (SVO) can be used directly as a fossil diesel substitute however using this fuel can lead to some fairly 
serious engine problems. Due to its relatively high viscosity, SVO leads to poor atomization of the fuel, incomplete combustion, 
choking of the fuel injectors, ring carbonization, and accumulation of fuel in the lubricating oil. The best method for solving these 
problems is the transesterification of the oil. 

The engine combustion benefits of the transesterification of the oil are: 
 Lowered viscosity 
 Complete removal of the glycerides 
 Lowered boiling point 
 Lowered flash point 
 Lowered pour point  

Process Variables: 
The most important variables that influence transesterification reaction time and conversion are: 
1. Oil temperature 
2. Reaction temperature 
3. The Ratio of alcohol to oil 
4. Type of catalyst and concentration 
5. Intensity of mixing 
6. Purity of reactants 

TABLE -  I 

COMPARISON OF PROPERTIES OF DIESEL AND METHYL ESTER OF MANGO SEED OIL 

Fuel property Diesel Methyl ester of mango seed oil 
Specific gravity at 15.60C 0.83 0.93 
Viscosity at 400C (cSt)  3.26 4.66 
Calorific Value 42500 39642 
Flash Point (0C) 60 160 
Fire Point (0C) 63 170 
Water and sediment (%) NA Traces 
Cetane number 48-51 49-54 

NA – Not Available 
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III.  EXPERIMENTATION 

  
The following are the experimental details of the computer-based four-stroke single cylinder Diesel Engine.  
 

A. Engine Specifications  
 The engine is single cylinder four stroke Diesel engine  
Model    - HMT04 
Make    - Kirloskar Oil Engine Ltd. 
Ignition System   - Compression Ignition  
Arrangement of Cylinder  - Vertical  
Cooling    - Water cooled  
Bore     - 0.0875 m 
Stroke    - 0.11 m  
Compression ratio   - 17.5 
Speed     - 1500 RPM 
Rated Power    - 15 HP at 3000 – 5000 RPM 
  
All instrumentation is incorporated into a control panel. The various factors are to be measured as follows.  

B. Fuel Consumption 
This was done by using a pipette and a stopwatch. The pipette is made up of toughened glass. It was used to measure fuel 

consumption. The amount of fuel consumption was determined by measuring the time required for the consumption of Diesel 
volume in the pipette at each stage of the loading. When the valve was open, fuel supply was fed to engine from fuel tank. When 
the valve was closed, fuel supply was fed to engine from pipette. 
C. Speed measurement 

Engine speed was indicated on the digital indicator provided on the dynamometer control controller. 
D. The Engine 

Reciprocating engines are those where the piston moves back and forth in a cylinder and transmits power through a connecting 
rod and crank mechanism to the drive shaft. The steady rotation of the crank produces a cyclical piston motion. The piston comes 
to rest at the top dead centre (TDC) crank position and bottom dead centre (BDC) crank position when the cylinder volume is a 
minimum or maximum, respectively. The minimum cylinder volume is called the clearance volume. The volume swept out by 
the piston, the difference between the maximum or total volume and the clearance volume, is called the displaced or swept volume. 
The ratio of maximum volume to the minimum volume is the compression ratio. 
 

IV.  RESULTS AND DISCUSSIONS 

Two types of experimental analysis are shown here, first one is performance characteristics like brake thermal efficiency, 
specific fuel consumption, exhaust gas temperature and the other one is emission characteristics like carbon monoxide(CO), 

Carbon dioxide (CO2), unburnt hydrocarbons(HC), NOx against brake power 

A. Performance characteristics of diesel, Mango seed biodiesel with and without additive on diesel engine 

    1) Brake Thermal Efficiency: The variation of brake thermal efficiency with brake power for diesel and Mango seed biodiesel 
are shown in fig. 1. As the load on the engine increases, brake thermal efficiency increases because brake thermal efficiency is 

the function of brake power and brake power increases as the load on the engine increases. The maximum value of brake thermal 
efficiency for biodiesel & pure diesel is at 25% and 27 %. The use of additive increases the brake thermal efficiency of the 
biodiesel to a value near the efficiency of pure diesel. 
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Fig. 1 Variation of brake thermal efficiency with brake power 

   2) Specific fuel consumption: The specific fuel consumption decreases as the power developed increases for all the tested fuels 
as shown in fig. 2. The specific fuel consumption of mango seed biodiesel is higher than diesel because of lower calorific value 
and high density of biodiesel. From the graph, it is clear that the specific fuel consumption is more for initial loads and further it 
is almost constant for remaining loads. The use of CeO2 additive decreases the specific fuel consumption of biodiesel as it 
increases the power developed due to its oxidation properties. 
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Fig. 2 Variation of brake specific fuel consumption with brake power 

 

   3) Exhaust Gas temperature: The variation of exhaust gas temperature for diesel and mango seed biodiesel with respect to the 

brake power is indicated in fig. 3. The exhaust gas temperature for the fuels tested increases with an increase in the brake power. 
Exhaust gas temperature is an indicator of the quality of combustion in the combustion chamber. At all loads, diesel was found 
to have the lowest temperature and the temperatures for the biodiesel is near to that diesel and with the additive, the temperature 
increased further due to better combustion of fuel 
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Fig. 3 Variation of exhaust gas temperature with brake power 

 

B. Emission characteristics 

   1) Carbon monoxide: Fig.4 shows the variation of carbon monoxide emission with brake power for diesel and mango seed 

biodiesel with and without additive in the test engine are shown in figure 6. The CO emissions depend upon the strength of the 
mixture, availability of oxygen and viscosity of the fuel. CO emissions of biodiesel are lower than that of diesel, and they got 
reduced further by the addition of CeO2. CO emissions of neat mango seed biodiesel is less due to the presence of oxygen in the 
biodiesel. This got further reduced by additive due to its high oxygen carrying capacity 
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Fig. 4 Variation of carbon monoxide with brake power 

   2) Carbon Dioxide: The variation of carbon dioxide with brake power for the diesel, mango seed biodiesel with and without 
additive are shown in fig. 5. CO2 emission increased with increase in load for all fuels and it starts to reduce after a certain load 
due to incomplete combustion of fuel. The CO2 emissions are more in mango seed biodiesel due to the presence of oxygen in it 
and emissions increased with the additive due to the oxygen carrying capacity of CeO2. 
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Fig. 5 Variation of carbon dioxide with brake power 

 

   3) Hydro carbon: Fig. 6. shows the variation in the quantity of unburnt hydrocarbons with a change in brake power. It is 
observed from the figure that for biodiesel the emission of HC is less than that of the diesel. Unburnt hydrocarbon emission is the 
direct result of incomplete combustion. A reason for the reduction of HC emissions with biodiesel is the oxygen content in the 
biodiesel molecule, which leads to more complete and cleaner combustion and the emissions further reduced by CeO2 additive. 
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Fig. 6 Variation of hydro carbons with brake power 

 

   4) NOx: Fig. 7 shows the variation of nitrogen oxides emission with brake power output for diesel and mango seed biodiesel 
with and without additive in the test engine. The NOx emissions for Biodiesel are lower than that of diesel. The additive reduces 

the NOx further as it leads to a reduction of nitrogen oxide. 
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Fig. 7 Variation of NOx with brake power 

V.   CONCLUSIONS  

Experimental investigations are carried out on a single cylinder diesel engine to examine the benefit of CeO2 as an additive for 
mango seed biodiesel. The performance and emission characteristics of biodiesel with and without additive are evaluated and 

compared with diesel.  From the above investigations, the following conclusions are drawn. 

• Brake thermal efficiency of mango seed biodiesel in diesel engine is lower than diesel by 7.3% without additive and by adding 
CeO2 the efficiency increased by 4.6% but still less than pure diesel. 

• Brake specific fuel consumption of mango seed biodiesel is lower than diesel by 19.1% and with the addition of CeO2 the 

value increased by 9.5%. 

• The exhaust gas temperature of mango seed biodiesel is more than diesel by 3.6% and the additive increased the temperature 
further by 3.3%. 

• The fuel properties of neat mango seed biodiesel, density, viscosity, flash point, and fire point were found to be higher than 
that of diesel and calorific value is lower than that of diesel. 

• CO emission is lower than that of diesel, at maximum load is 0.12% volume against 0.14% volume of diesel and it got reduced 
to 0.11% volume with the presence of the additive. 

• The HC emission of biodiesel is less than that of the diesel. Unburnt hydrocarbon emission is the direct result of incomplete 
combustion, is about 27% for diesel and 17% for biodiesel with additive.  

• The CO2 emission of mango seed biodiesel is more in comparison with diesel due to oxygen present in biodiesel and oxygen 
carrying capacity of CeO2.Similarly, Biodiesel has less NOx emission compared to diesel. 

The above comparative study clearly reveals the possibility of using CeO2 as an additive for mango seed biodiesel in a diesel 
engine 
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