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ABSTRACT
In the past few decades, major researchers focused on fuel consumption and emission reduction. Alternative
fuels like biodiesel is green energy, which is derived from vegetable oils. Additives are generally derived from
organic, inorganic and metal oxides. In recent days metal oxides are attracting more, especially transition metals
which reduce soot formation temperature. Utilization of metal additive in nano-form is better compared to micron-
form, because it aids the combustion at molecular level and also there is no obstruction in fuel injectors. Nano-form
of metal particles is more suitable to disperse, but there is a chance for agglomeration and hence it affects the stability.
The present work was to investigate the effect of metal oxide namely cerium oxide on the performance and emission
characteristics of Jatropha biodiesel and its blends in a single cylinder, air cooled, direct injection diesel engine. Ball
milling of cerium oxide has been adopted for nano particle preparation. The nano particle size is in the range of 50-
100 nm characterized using SEM (Scanning Electron Microscope). Using ultrasonicator the nano particles were
dispersed in the fuel. It was observed that the addition of nano cerium oxide reduces the specific fuel consumption
both in part load and full load conditions. At full load condition , the introduction of additive leads to 40% reduction
in NOx with B100 because it acts as a heat sink and reduces the in cylinder temperature.
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1. INTRODUCTION

Triglycerides (vegetable oils/animal facts hold promise as alternate fuels for diesel engines (Anjana
Srivastava, 2013). They proposed chemistry for biodiesel preparation, various methods of Trans esterification
processes. And they mentioned economic feasibility of biodiesel. Fuel consumption of metal additive doped biodiesel
slightly decreased. In comparison with B60, maximum reduction with Mg (12umol/L) and Mo (12umol/L) based
additive was 36.21% and 24.12% at 2600 rpm was observed

A large variety of fuel additives is added to the diesel fuel to improve the engine efficiency and to reduce
exhaust emissions (Ali Keskin, 2007). Many researches on influences of fuel additives have been continuing. A
group of additives are metal based fuel additives that have been used as combustion catalysts for hydrocarbon fuels.
These metals are manganese, iron, copper, barium, cerium, calcium and platinum which have catalytic activity in
combustion process. The metal-based additives reduce diesel engine emissions and fuel consumption

The fuel additive addition as to reduce the drawbacks in the use of biofuel blends and also meets the emission
regulation (Sajith, 2010). Cerium Oxide nano particle was used as an additive and its size ranges from 10 to 20 nm
and it reduces the emission level of hydrocarbon and NOXx appreciably. Cerium oxide has the ability to act as oxygen
buffer causing simultaneous oxidation of hydrocarbon as well as reduction of the oxides of nitrogen. Metal doped
cerium oxide used in the nano particle form is proven to give much better results in efficiency enhancement compared
to large dimension particle. Nano particle addition increases the viscosity because it increases fluid layer resistance.
No effect was observed on cloud and pour point by doping nano particle. By varying dosing level from 20 to 80 ppm
nano particle, the maximum increase in thermal efficiency is 1.5%.

Cerium oxide oxidizes the carbon deposits from engine, leading to efficient operation and reduced fuel
consumption. Cerium oxide has the ability to undergo a transformation from stoichiometric CeO, (+4) valence state
to the Ce,0s (+3) state via a relatively low energy reaction. Cerium oxide supplies the O for the reduction of the
hydrocarbon (nearly 25 to 40%) as well as the soot and cerium oxide converted to cereus oxide. It reduces the NOy
by re-oxidized to CeO; through the reduction of nitrogen oxide (30% reduction by 80ppm of cerium oxide). Table.1,
describes that the properties of Cerium Oxide.

Table.1. Properties of Cerium oxide

Molecular formula | CeO,

Appearance White or Light yellow
Density 7.659/Cm3

Melting point 2400 C

Boiling point 3500 C

Solubility in water | Insoluble
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2. EXPERIMENTAL METHODS

Cerium oxide, also known as Ceric oxide, ceria, cerium dioxide, is an oxide of the rare earth metal cerium.
It is a pale yellow-white powder with the chemical formula CeO,. Cerium oxide has the ability to undergo a
transformation from the stoichiometric CeO; (+4) valence state to the Ce,O3 (+3) state via a relatively low-energy
reaction. Cerium oxide supplies the oxygen for the reduction of hydrocarbon as well as the soot and gets converted
to cereus oxide (Ce.0s) as follows. Cobalt oxide acts as an oxygen buffer and supplies the O, molecule and reduces
CO emissions.

4Ce0;, + C— Ce 03 + CO,
2Ce0; + CO— Cey03 + CO,
2Ce;03+2NO—4Ce02+N;
4Ce;03+2N0,—8Ce02+N,
2Ce03 + O, — 4Ce0

When there is an oxygen surplus, the process is reversed and cereus oxide is oxidized to cerium oxide.
Several metals are known to catalyze combustion of hydrocarbon fuels. The catalyst will greatly assist in combating
vehicular emission in many countries. Nano metal oxide of Cerium is selected for preparation

Ball milling is a grinder for reducing the size of the material form to powder. The grinding is carried out by
the pounding and rolling of charge of steel or ceramic balls carried within the cylinder. The cylinder rotates at a
relatively low speed, it allows the balls to cascade through the mill base, thus grinding or dispersing the materials.
The sonication process was done by using this equipment. Its purpose is to disperse the Nano particle in the base
liquid in molecular level. Fig.1, shows the engine setup and its various components.

FCR
] Farownan svson
d

Figure.l. Experimental Setup
The experiment was conducted in the direct injection diesel engine using the base diesel fuel with constant
speed and variable loads. The baseline readings were observed and tabulated.Table.2, shows specifications of an
engine.

Table.2. Engine Specification
Engine Specification

Bore 87.5mm
Stroke 110mm
Compression 175:1
Capacity 660cc

Type of Cooling | Air cooled
Rated power 4.4kW at 1500rpm
Rated Speed 1500rpm

3. RESULTS AND DISCUSSION

Engine Performance with Cerium Oxide: The performance and the percentage reduction of emissions (HC, CO
and NO,) are lower as compared to diesel operation by using Nano additives mixed biodiesel. The emissions were
studied at various loads from no load to full load with respect to the conventional diesel fuel. The engine performance
and pollutants emissions are discussed below.

Brake thermal efficiency: The variation of brake thermal efficiency (BTE) with load for neat diesel and biodiesel
blends with Nano additive shows in Fig.2. The brake thermal efficiency of Jatropha methyl ester biodiesel (JME100)
is lower than diesel. Brake thermal efficiency is lowest for biodiesel because of low volatility, lower heating value,
higher viscosity and density compared to diesel. This is due to the oxygen content present in biodiesel, which
improves the combustion. But when pure biodiesel is introduced there is a decrease in power output. By which the
addition of Nano additive there is a significant reduction in evaporation time and hence there is an improvement in
combustion.
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Figure.2. Variation of Brake Thermal efficiency with Load
Combustion analysis of cerium oxide nano additive:
In-cylinder pressure: Fig.3, shows the variation of cylinder pressure with crank angle for neat diesel and biodiesel
blends with nano additive.At 50% load condition. It is possible that an increase in the O fraction of the injected fuel
guantity favours better combustion and shows an increase in gas pressure with additive (cerium oxide) near to diesel.
Increase in nano additive about 700 mg in biodiesel shows a decrease in gas pressure.
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Figure.3. Variation of cylinder pressure with Crank angle
Heat Realease Rate: Fig.4, Shows the variation of heat release rate for biodiesel and its blends with nano additive
when compared with diesel. At 50% load condition the heat release rate for diesel is higher, because of longer ignition
delay during which more fuel is accumulated in the combustion chamber to release higher heat during premixed
combustion phase.

Diesel

TME 100

TIMEL00 + 300mgNA

Heat Release Rate (k//deg)

TMEL00 + S00mgNA

TIMEL00 + 700mgNA

Crank Angle (deg)

Figure.4. Variation of heat release rate with Crank angle
Emission Analysis of Cerium Oxide Nano Additive:
Hydrocarbon emissions: Fig.5, shows the variation of hydrocarbon emission for biodiesel and its blends with nano
additive compared with neat diesel. HC emission reduced for all the blends compared to neat diesel, this is because
of higher oxygen content present in biodiesel. By adding nano additive we can further reduce the emission can be
reduced at full load condition for all blends of B100 with CeO,, there is a significant reduction in HC emission.
Hence mixing will be better and fuel burns completely.
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Figure.5. Variation of hydrocarbon emissions with Load
Carbon monoxide emissions: Fig.6, shows the variation of carbon monoxide emission for various blends of nano
additive compared with diesel and also additive effect on CO emission also. There is a significant decrease in CO
emissions in biodiesel blends with the nano additive due to oxidation that takes place between the nano additive
(cerium oxide) and CO, which converts CO to CO.. The increase in nano additive proportion increases the oxidation,
thus reducing the CO emissions.
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Figure.6. Variation of carbon monoxide emissions with load

Oxides of Nitrogen Emissions: Fig.7, shows the variation of NOx with load for biodiesel and its blends with nano
additive with diesel. The mechanism of NOx formation from nitrogen highly depends on temperature. NOx emission
was higher for pure biodiesel (JME 100). By increasing the proportion biodiesel, NOy increase because the presence
of fuel bound oxygen promotes better combustion, resulting in higher in cylinder temperature. The NOx emission
was reduced at higher load by additive. This is due to fact that metal oxide particle act as a heat sink and carries away
the heat content and reduce the in-cylinder temperature. Because at lower load the time available for combustion is
more and in addition biodiesel has oxygen content ,additive also tend to donate oxygen. Cerium oxide has the ability
to undergo a transformation from the stoichiometric CeO- (+4) valence state to the Ce,O; (+3) state via a relatively
low-energy reaction. Cerium oxide supplies oxygen for the reduction of HC and CO as well as the soot and gets
converted to cereus oxide (Ce203). Hence NOy formation decreases with increase in nano additives.

D

ED

+— D50+B50

NOx(g/kWh)

D30+B504300mg
NA

*— DS0+B50+600mg
NA

Load %

Figure.7. Variation of oxides of nitrogen with load
Smoke emissions: Fig.8, shows the variation of smoke with load. Smoke level decreases while using the biodiesel
and its blend with Nano additive at part loads when compared with neat diesel. But there is a substantial increase in
the smoke emissions at full load
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Figure.8. Variation of Smoke with Load

4. CONCLUSIONS
In the present study Jatropha oil is Trans esterified with optimum quantity of methanol and catalyst. Trans
esterified oil was mixed with nano additives (cerium oxide) in three proportions namely (JME100+300mg NA),
(JME100+500mg NA) and (JME100+700mg NA). Based on the experiment the following conclusions were drawn.
e Carbon monoxide emissions are decreases compared to diesel fuel by using biodiesel mixed with 600mg of
nano additive.
e Hydrocarbon emissions are decreases marginally when compared to diesel fuel by using biodiesel mixed
with 300 and 600mg of nano additive.
e Oxides of nitrogen are decreases compared to diesel fuel by using of biodiesel mixed with 600 mg nano
additive.
e But the oxides of nitrogen emissions increase using pure biodiesel (JME100). Brake thermal efficiency
increases marginally for biodiesel mixed with nano additives, which is near to diesel trend
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