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Abstract— The need for energy resources and fuels keeps growing day after day. Fossil fuels are non renewable and are 
highly polluting. At this point we need to turn towards alternative sources of energy in order to fulfill the energy 
requirement. One of the most suitable alternative sources of energy is Biodiesel.  A biodiesel is a kind of animal or vegetable 
fat. They consist of long chain alkyl esters. The most attractive quality of biodiesels is that they are synthesized from 
renewable sources and are also bio-degradable. At present biodiesel production is costly, but the cost can be reduced by 
preparing biodiesel from low cost oils such as Canola oil. The Biodiesel is created by transesterfication process in which 
canola oil is reacted with methanol in the presence of catalyst sodium hydroxide which produces a biodiesel and glycerin co-
product. The biodiesel is then emulsified with water, and the cerium oxide nano particles are dispersed in the fuel through 
sonication. The emission characteristics of various blends of biodiesel such as NB20, NB40, NB60 and NB100 are found by 
application in a four-stroke single cylinder compression ignition engine and compared with that of diesel. It is seen that the 
NOx and CO emission of the biodiesel blends is higher than that of diesel but HC emissions are lower than that of diesel. 
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I. INTRODUCTION 
 
1.1 Biodiesel 
Each day there is a potential increase in the need for 
fuels and various sources of energy. At the same time 
there is a steady increase in the cost of petroleum 
fuels [1]. Petroleum fuels are exhaustible and non – 
renewable. If we continue to use fossil fuels at this 
rate the sources of petroleum fuels will be depleted 
within a few years. They are also high in pollutant 
content. Therefore in order to build a sustained future 
it is essential that we turn to alternative sources of 
energy. Therefore a lot of alternative fuels have been 
tested on engines. All the alternative sources have 
certain undesirable properties which make them 
unable to completely replace petroleum fuels. There 
is also an alarming increase in the amount of 
greenhouse gases in the atmosphere. Therefore the 
alternative fuels should be capable of being used in 
engines with minor modifications. They should also 
be cost effective. Biodiesel can serve as the best 
suitable replacement for fossil fuels. Biodiesel fuels 
can be prepared from edible vegetable oils like neem 
oil, mustard oil, canola oil and soybean oil [2-3]. The 
vegetables oils cannot be directly put in use to 
engines because this causes consequences such as 
lubricant oil contamination and engine fouling. 
Biodiesels also have the potential to decrease the 
accumulation of greenhouse gases in the atmosphere. 

 
1.2 Canola Oil 
Canola oil is the most suitable vegetable oil for 
biodiesel production. It has considerable cold flow 
properties. It has a considerably low value of fatty 
acids and polyunsaturated fats which makes it good 
for the heart and also for application in engines. 
Canola oil has extremely low levels of toxic 
substances. It is the most viable source for producing 

biodiesel as it is a renewable source. The yield of 
canola seeds is about 44% when crushed compared to 
the low 18% yield from soybean seeds the most 
common biodiesel source. Canola oil is also 
advantageous because the byproducts such as 
glycerin that is obtained during biodiesel production 
can be used in the manufacture of soaps and 
cosmetics. 

 
1.3 Cerium Oxide Nanoparticles 
Nano particles are those particles which vary in 
dimensions from 1 to 100 nanometres. Nanoparticles 
have a wide range of applications. Intensive research 
is being carried out in the field of nanoparticles 
because of their potential benefits in biomedical and 
mechanical fields. Nanoparticles behave has solid 
surfactants and are capable of aligning themselves at 
the water oil interface. Ball mill process is one of the 
most preferred processes for the preparation of 
nanoparticles. The particle size is determined using 
scanning electron microscope. The ultrasonicator is 
the device used for the dispersion of the additive in 
the fuel. They have the property of stabilizing 
emulsions and their addition does not affect the 
density of the final product. Cerium oxide is a rare 
earth element. It has a dual valence state and 
excellent catalytic activity. Cerium oxide when added 
in different dosing levels improves the performance 
and efficiency of the engine. 

 
1.4 Emulsified Fuel 
Emulsified fuels are nothing but mixtures of diesel 
and water. They are dispersed to form an emulsion. 
The main advantage of emulsified fuels is that they 
largely reduce the peak temperature of combustion, 
thereby reducing the production of heat and also the 
excessive pollutant emission.   For every 1% addition 
of water to the fuel there will be a 1% decrease in the 
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emission of NOx gases. But this is also influenced by 
the engine design. When the fuel atomization level is 
higher the power developed will be higher. The effect 
of the usage of emulsified fuel on the engine 
performance is very low. Techniques like high 
pressure fuel injection , optimizing fuel injection rates 
and retardation of fuel injection timings can be used 
in conjunction with emulsified fuels in opposed 
piston engines to drastically reduce the NOx emission 
and particulate matter emission . The emulsified fuels 
are directly introduced into the combustion chamber. 
A wide range of operation can be established using 
alkali metal salt solutions. 
 
Essential Characteristics of an Emulsified fuel 
 They must be easy to handle and less toxic.  
 Life time should be high. 
 Availability must be simple. 
 Low cost for automotive pollution. 
 NOx emission must be reduced. 
 Engine performance should not be affected. 

 
II. PRODUCTION OF EMULSIFIED 
NANOPARTICLE BLENDED BIODIESEL. 
 
2.1 Production of Biodiesel 
Biodiesel is most commonly produced by 
transesterfication [4] . It is the most economic way 
and of producing biodiesel. Base catalyzed 
transesterfication is widely adopted.  Vegetable oils 
are generally made up of triglycerides which are 
nothing but esters. These esters are formed by the 
reaction of fatty acids. Transesterfication is a process 
in which the organic R’’ of an ester is exchanged with 
the organic R’ group of an alcohol. The rate of 
reaction can be altered by the use of catalysts. Both 
homogeneous and heterogeneous catalysts are used. 
The homogeneous catalysts include acids and alkalis. 
Predominantly either sodium hydroxide or potassium 
hydroxide is used as the catalyst. 200 ml of methanol 
is taken in a glass beaker and 2 gms of sodium 
hydroxide is added to it. They are mixed with the aid 
of a magnetic stirrer for about 30 minutes. In order to 
prevent the evaporation of methanol the beaker is 
covered with an aluminium foil during the stirring 
period. 1000 ml of canola oil is then measured and 
poured into the beaker. The mixture is heated to about 
70 degree Celsius for about three hours with constant 
stirring with the aid of the inbuilt magnetic stirrer. It 
is then cooled down to enhance the evaporation of 
excess methanol. The mixture is then rested for a 
period of 24 hours after which it separates into two 
layers. The upper layer is the ester whereas the lower 
layer is glycerol. 
 
2.2 Preperation of Emulsified Cerium Oxide 
Blended Biodiesel. 
Sonication is the process generally adopted for 
emulsification and dispersion of nanoparticles in 
biodiesel. 

Sonication is the process in which the agitation of 
particles in a solution is carried out by sound waves. 
Disruptions such as these can be used to mix 
solutions. They can also aid for the dissolution of a 
solid in a liquid .Ultrasonic waves with frequencies of 
about 20kHz and above are generally used. The 
strength of agitation increases with the increase in 
frequency strength. The particles in the solution begin 
to vibrate leading to the formation of microscopic 
vacuum bubbles. Cavitation takes place. Molecular 
interactions are disrupted by the vibrations leading to 
the breakage of clusters of particles thereby causing 
mixing on a rapid scale . The following are the 
general steps followed. 
 850ml of canola biodiesel is taken in a glass 

beaker. 
 130ml of water and 20 ml of the emulsifier 

span-80 is added.  
 Then 50ppm of nanoparticles (Cerium Oxide) 

is then added to the canola biodiesel. 
 The mixture is then kept in a sonicator for one 

hour. 
 The nanoparticle blended fuel is then removed 

from the sonicator and transferred into a 
suitable container. 

 
2.3 Preperation of Biodiesel Blends 
Once the nanoparticle blended emulsified biodiesel is 
produced it is combined with various quantities of 
diesel and blends are created. The blends created for 
the experiment are NB20, NB40 , NB60. NB20 
consists of 20% biodiesel and 80% diesel, NB40 
consists of 40% biodiesel and 60% diesel and NB60 
consists of 60% biodiesel and 40% diesel. The 
emission characteristics of 100% neat biodiesel 
(NB100) and 100% petroleum diesel (D100) is also 
analyzed. 

 
III. EXPERIMENTAL SETUP AND 
PROCEDURE 
In the present investigation, tests have been 
conducted on an direct injection diesel engine. The 
engine is air cooled.  The single cylinder four stroke 
engine is connected to an engine dynamometer. This 
is the experimental setup. The suction side of the test 
engine is attached with anti-pulsating drum to 
measure air inflow quantity. This tank is provided 
with a 16mm orifice plate through which air is 
admitted into the engine.  Devices such as the exhaust 
gas thermocouple, gas analyzer and smoke meter are 
placed on the exhaust side of the engine. The set-up 
consists of fuel tank attached with burette and are 
generally connected with a 3 way valve. This device 
is used for the measurement of the fuel consumption 
of the engine. The electric dynamometer is placed at 
the output side of the engine. The arrangement is 
equipped with digital ammeter, voltmeter and 
wattmeter to record the current, voltage and power 
for each load. The output is measured in terms of 
watts using digital wattmeter mounted on the panel. 
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An 8 bit data acquisition system (DAS) is connected 
with the test rig to acquire the combustion pressure 
and crank angle, pressure-volume. Data Acquisition 
System is set to the computer and then various 
combustion behavior of fuel is analyzed. 
 

ENGINE SPECIFICATION 

 
 

Experiments are carried out on the engine first by the 
use of diesel to provide baseline readings. This is 
followed by the application of the blends NB20, 
NB40, NB60 AND NB100. In all the cases the 
emissions of gases such as HC, CO and NOx are 
noted down for various loads and the results are 
presented graphically. 

 
III. RESULTS AND DISCUSSION  
 
3.1 HC and CO Emission 

 
Fig.1. HC EMISSION VS LOAD 

 

 
Fig .2. CO EMISSION VS LOAD 

 
The emission of HC and CO for various biodiesel 
blends and pure petroleum biodiesel are shown in the 
figures 1 & 2. It is seen that HC emission for the 
various biodiesel blends are lower than that of pure 
petroleum diesel. The CO emission is maximum for 
pure petroleum diesel D100 and the least for pure 
neat biodiesel NB100. The CO emission decreases 
with the decrease in percentage of diesel in the blend. 
The low CO and HC emissions are due to the fact that 

cerium oxide nanoparticles have enriched ignition 
characteristics. They are also characterized by a high 
level of catalytic activity due to their high surface to 
volume ratio thereby leading to better mixing of the 
air and fuel. Proper mixing of air and fuel leads to 
complete combustion thereby producing lower levels 
of unburnt hydrocarbons. 

 
3.2 NOx Emission 
 

 
Fig.3. NOx emission vs LOAD 

 
The NOx emission of various biodiesel blends and 
pure petroleum biodiesel is shown in figure 3. It is 
seen that the NOx emission from pure diesel is lower 
than all the other blends . The NOx emission 
increases with the amount of blending . The increase 
in NOx emission can be due to the increase in 
combustion temperature. The NOx emission also 
depends on the engine family. The increased NOx 
emission can also be attributed to the increased 
oxygen content that is trapped by the cerium oxide 
nanoparticles. 

 
CONCLUSION 
 
The study was to investigate the effects of cerium 
oxide blended emulsified biodiesel. It is concluded 
that the use of biodiesel in conjunction with 
petroleum diesel improves the fuel properties and 
leads to lower HC and CO emissions. This is due to 
the high surface to volume ratio of cerium oxide 
leading to better mixing of air and fuel. The minor 
disadvantage is that the NOx emission is slightly 
increased. Biodiesel can therefore be used as a 
suitable substitute for petroleum diesel as it is 
characterized by a lot of advantages. The most 
important advantage is that it is renewable and bio-
degradable white petroleum is limited and not 
renewable. This leads to the increased attention 
towards biodiesel. 
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