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a b s t r a c t

Experimental investigation was carried out to study the combustion, engine performance and emission
characteristics of a single cylinder, naturally aspirated, air cooled, constant speed compression ignition
engine, fuelled with two modified fuel blends, B20 (Dieselesoybean biodiesel) and dieselesoybean
biodieseleethanol blends, with alumina as a nanoadditive (D80SBD15E4S1 þ alumina), and the results
are compared with those of neat diesel. The nanoadditive was mixed in the fuel blend along with a
suitable surfactant by means of an ultrasonicator, to achieve stable suspension. The properties of B20,
D80SBD15E4S1 þ alumina fuel blend are changed due to the mixing of soybean biodiesel and the
incorporation of the alumina nanoadditives. Some of the measured properties are compared with those
of neat diesel, and presented. The cylinder pressure during the combustion and the heat release rate, are
higher in the D80SBD15E4S1 þ alumina fuel blend, compared to neat diesel. Further, the exhaust gas
temperature is reduced in the case of the D80SBD15E4S1 þ alumina fuel blend, which shows that higher
temperature difference prevailing during the expansion stroke could be the major reason for the higher
brake thermal efficiency in the case of D80SBD15E4S1 þ alumina fuel blend. The presence of oxygen in
the soybean biodiesel, and the better mixing capabilities of the nanoparticles, reduce the CO and UBHC
appreciably, though there is a small increase in NOx at full load condition.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Diesel engines normally reveal higher thermal efficiency in
automotive applications, due to their better fuel economy
compared to gasoline engines. On the other hand, the combustion
of diesel fuel emits more hazardous pollutants such as NOx and
particulate matter than gasoline engines. Polluted air leads to
climate changes and affects plants, animals and human health.
Moreover, conventional fossil fuels in the world are declining day
by day, due to the growth of population and the subsequent energy
utilization; and the stringent government emission standards have
driven scientists and researchers to identify suitable renewable
alternative fuels for diesel engines, for better performance and
good emission control. Most of the researchers have contributed
their efforts to reduce the emissions from the compression ignition

engine (CI) in three ways 1) modifying the engine design 2) fuel
modification 3) treatment of the exhaust gas.

The fuel modification method is widely accepted by many re-
searchers to achieve the specific fuel properties, to improve the
performance and emission control of the diesel engine. Xue et al.
[1] reviewed the effect of biodiesel on engine performance and
emissions, and concluded that, blends with a small portion of
biodiesel are technically feasible as alternative fuels in a CI engine
with no or minor modification to the engine. Hansen et al. [2]
critically reviewed the ethanol-diesel fuel blend for engine per-
formance, durability and emissions. Riberio et al. [3] critically
reviewed the role of additives for diesel and biodiesel blended
(ethanol or biodiesel) fuels. Gürü et al. [4] observed that the
manganese additive had a stronger effect on the reduction of the
fuel's freezing point, and also the exhaust emission of the fuel. The
results showed that O2 was reduced by 0.2%, and CO 14.3% and CO2
was increased, but SO2 was reduced, while the net efficiency was
increased by 0.8%. Moreover, they concluded that the manganese
additive improves the diesel fuel properties compared with other
organic metals. The influence of a cerium additive on the kinetics of
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oxidation and size distribution of ultrafine diesel particles, was
studied by Jung et al. [5]. They observed that the addition of cerium
to the diesel caused significant changes in number eweighted size
distributions, light off temperature, and kinetics of oxidation.

The recent advances in nanoscience and nanotechnology paved
the way to produce nanoscale energetic materials which have
tremendous advantages over micron sized materials. Ignition delay
and ignition temperatures are the critical parameters to characterize
the performance and emissions of a diesel engine. Tyagi et al. [6]
attempted to improve the ignition properties of diesel fuel by add-
ing aluminium and aluminium oxide nanoparticles to diesel using
the hot plate experiment. It was observed, that in all the cases the
ignition probability for the diesel nanoparticle mixture was higher
than that of pure diesel. Moreover, they concluded that, neither the
change in the nanoparticle material nor the nanoparticle size
influenced the ignition probability of the nanoparticle þ diesel
mixtures. The combustion characteristics of n-decane and ethanol
considered as the base fluid with the addition of aluminium, boron,
iron, and aluminium oxide were investigated by Refs. [7e9]. Based
on the above, most of the researchers conducted their experiments
with metal nanoadditives [10], metal oxide nanoadditives [11e14],
magnetic nano fluid additives [15,16] andwater diesel nanoparticle,
emulsion [17e19],water diesel carbonnano tube emulsion [20], and
nano organic additives [21,22] to the diesel fuel. Very few re-
searchers worked, on the use of nanoadditives to biodiesel for the
enhancement of the performance and emission characteristics.
Sajith et al. [23] carried out an extensive investigation on a diesel
engine fuelledwith andwithout ceriumoxide additives, to study the
performance and emission characteristics. They found that the
viscosity and volatility hold direct relations with the dosing level of
20e80 ppm. The emission levels of HC and NOx are appreciably
reduced with the inclusion of CeO2. To reduce the NOx and PM
emission from the CI engines, emulsification techniques are adop-
ted. Basha and Anand [24] investigated the performance and
emissions of a diesel engine fuelled with biodiesel emulsion fuel
incorporation of alumina nanoparticles in the mass fractions of 25,
50 and 100 ppm, with a higher concentration of water. They
observed that the magnitude of NOx, and smoke emission was
870 ppm and 49% for JBDS15W100A (83% jatropha biodiesel þ 2%
surfactant þ 15% water þ 100 ppm of alumina) fuel at full load.
Further, the same team [25] studied the alumina e CNT blended
with biodiesel fuel in themass fractions of 25 and 50 ppm in a diesel
engine. They observed a considerable enhancement in the brake
thermal efficiency, and a marginal reduction in the harmful emis-
sions. Further, they confirmed through their hot plate experiments
that, a shorter ignition delay improved the heat transfer due to the
enhanced surface area/volume ratio, and heat conduction proper-
ties. Metal based additives act as a combustion catalyst to 1) pro-
mote the combustion 2) reduce fuel consumption and 3) reduce
emissions of hydrocarbon fuels. Kannan et al. [26] used ferric chlo-
ride as a fuel borne catalyst (FBC) to the waste cooking palm oil
based biodiesel, to improve the properties of biodiesel. It was found
from the experiments that, FBC addedpalmoil based biodieselwas a
suitable alternative to diesel fuel. They observed a slight improve-
ment in the brake specific fuel consumption, brake specific energy
consumption and brake thermal efficiency for the FBC added bio-
diesel at optimized operating conditions. Fangsuwannarak [27]
attempted a comparative study of palm biodiesel properties and
engine performancewith the addition of TiO2 nanoparticles to palm
biodiesel. The results showed that the nano TiO2 additive of 0.1% by
volume, gave the most effective performance, and also yielded
better overall properties such as reduced kinematic viscosity,
increased cetane number, increased lower heating value, increased
flash point, but the quality of the fuel propertieswas decreasedwith
the increase of the biodiesel blend. Moreover, the emission levels of

CO, CO2 and NOx were appreciably reduced with the addition of the
TiO2 nanoparticles.

Selvan et al. [28] investigated the performance and emission
characteristics of a CI engine using cerium oxide nanoparticles as an
additive, in diesel and diesel-biodiesel-ethanol blends. They
concluded that cerium oxide nanoparticle additive acts as an oxy-
gen donating catalyst, and also provides oxygen for the oxidation of
CO or absorbs oxygen for the reduction of NOx. They revealed that
the cerium oxide additive improved the complete combustion of
the fuel, and reduced the exhaust emissions significantly. Cerium
oxide nanoparticles exhibit high catalytic activity due to their high
surface area per unit volume, which leads to improved fuel effi-
ciency and reduction in emission.

The combustion behaviour of traditional liquid fuels with the
addition of nanoscale energetic materials as fuel additives to
enhance the performance and emissions in a diesel engine is an
interesting concept. In the present work, the combustion, engine
performance and emission characteristics of a single cylinder diesel
engine fuelled with two modified fuel blends B20 (Dieselesoybean
biodiesel), and dieselesoybean biodieseleethanol blends with
alumina as nanoadditive (D80SBD15E4S1 þ alumina), were tested
and the results are compared with those of neat diesel.

2. Preparation of modified fuel blend and its properties

In the present study, two types of modified fuel blends are
prepared and their performance are comparedwith neat diesel. The
first blend consists of 80% diesel and 20% soybean biodiesel (B20).
The second blend consists of a mixture of 80% diesel, 15% soybean
biodiesel, 4% ethanol, and 1% isopropanol as a surfactant, and
alumina nanoparticles of 100 mg/L are used to produce the modi-
fied D80SBD15E4S1 þ alumina fuel blend. The commercially
available Al2O3 nanoparticles of size less than 50 nm, procured from
M/s Sigma Aldrich were used as additives in the present investi-
gation. Its molecular weight, relative density, and surface area are
101, 96 g/mol, 4000 g/cm3, >40 m2/g respectively. Soybean bio-
diesel was procured from M/s Jatropha Oil Seed Development &
Research, Hyderabad, India. By using the two-step method the
modified fuel was prepared. First, 100 mg of alumina nanoparticles
were mixed in ethanol (99.9% purity) and then, mixed with the
dieselesoybean biodiesel blend. The phase separation is prevented
by the addition of isopropanol as a surfactant in the above fuel
blend. The fuel sample was transferred to the ultrasonicator to
intensively disperse the particles and to reduce their agglomera-
tion. The two step method works well for oxide nanoparticles
[29e32]. Fig. 1 shows the TEM image of the Aluminium Oxide

Fig. 1. TEM image of the Aluminium Oxide nanoparticle.
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