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Abstract: In today’s scenario of energy resources, conventional energy resources are depleting very fast and there is huge 
energy demand. Diesel is used in almost all the fields like transportation, fright, construction, agriculture and port. So, 
abundant amount of diesel fuel is required every day. Emission of pollutants is the major problem associated with the diesel 
fuel. High Particulate Matter (PM) and Oxides of Nitrogen (NOx) emissions remains a challenge of technical issues for the 
diesel engine today. It is important to save the fuel to compensate energy demand.The emission norms on internal 
combustion engine are becoming more and more stringent with a view to improve the ambient air quality. Several 
experiments are being conducted to mix diesel with some other appropriate material which can give some better result with 
high performance parameter and comparatively less hazardous emission. Jatropha biodiesel has given a new edge in the field 
of saving the conventional source of energy like diesel due to its various similar chemical properties with diesel. The use of 
antioxidant additives not only slows down the oxidation processes but also improves the fuel stability up to a certain extent; 
so calculated amount of antioxidant is mixed with diesel and jatropha blend. Nanometal oxide additives are reported to be 
effective in lowering diesel emissions. 
 
 
I. INTRODUCTION 
 
Diesel is widely used fuel source for transport and 
heavy duty engines due to its high combustion 
efficiency, reliability and cost effectiveness. But due 
to Particulate Matter(PM) and nitride oxide (NO2) 
emissionsassociated with the diesel fuel, it has a great 
concern over the environment. Various research 
works is going on to modify the engines and 
formulation of diesel fuel for getting the clean 
combustion in the diesel engine. Due to depletion of 
petroleum reserve, increase in energy demand, 
increase in environmental concern and panic health 
problem by harmful emissions of the diesel engines, 
there is an urgent need for the search of renewable 
energy, hydroelectricity, or nuclear energy resources 
as alternative has been raised in recent years. Among 
the renewable energy resources, biodiesel is a well-
known environmental friendly alternative fuel for the 
diesel engine. Biodiesel is a mixture of methyl esters 
of long chain fatty acids derived from vegetable oil 
and animal fats, and is similar to the commercial 
diesel in terms of fuel quality and combustion 
properties [1, 2]. 97.4%/2.6% fuel blend yielded the 
highest cetane number and even better engine 
performance than the diesel fuel suggesting that 
jatropha oil can be used as an ignition-accelerator 
additive for diesel fuel [3].Nanometal oxide additives 
are reported to be effective in lowering diesel 
emissions. A group of additive 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 
pollution emissions and fuel consumption values,  

 
reasonof emission reduction is that the metals work 
either byreacting with water to produce hydroxyl 
radicals, which enhance soot oxidation, or by direct 
reaction with the carbon atoms in the soot, thereby 
lowering the oxidation temperature [4].The long-term 
storage of biodiesel is a problem. The presence of 
unsaturated fatty acid esters in biodiesel makes it 
moresusceptible to oxidation or autoxidation during 
long-term storage [5, 6]. It is well reported in the 
literature that oxidation stability does not correlate 
with the total number of double bonds but with the 
total number and position of allylic and 
bisallyliccarbons that are adjacent to double bonds 
[7]. These oxidation processes are less pronounced in 
the parent oil due to the presence of natural 
antioxidants which get partially lost during refining 
[8]. So various research works are going on mixing of 
diesel with biodiesel, nanometal oxide for improving 
the emission quality and performance index of diesel 
engine.  
 
II. JATROPHA BIODIESEL 
 
Vegetable oils mainly contain triglycerides (90% to 
98%) and some amount of mono- and di-glycerides. 
Triglycerides contain three fatty acid molecules and a 
glycerol molecule. They contain significant amounts 
of oxygen. The fatty acids vary in their carbon chain 
length and number of double bonds present in their 
molecular structure. Vegetable oils contain free fatty 
acids (generally 1%-5%), phospholipids, 
phosphatides, carotenes, tocopherols, sulphur 
compounds and traces of water. Commonly found 
fatty acids in vegetable oils are stearic, palmitic, 
oleic, linoleic and linolenic acid. Many researches 
have done and still going on mixing of jatropha and 
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diesel.Vegetable oils and their derivatives in diesel 
engines lead to substantial reductions in emissions of 
sulphur oxides, carbon monoxide (CO), poly aromatic 
hydrocarbons (PAH), smoke, particulate matter (PM) 
and noise [9,10]. For preheated Jatropha oil, NOx 
emissions were increased. CO, HC, CO2emissions 
from unheated Jatropha oil were found higher than 
diesel fuel during the whole experimental range. With 
preheated Jatropha oil, the value of CO, HC and 
smoke opacity was decreased and CO2 emissionswere 
found slightly increased [11]. [12] Described the 
study of three fuels – 100% petroleum diesel, 100% 
palm-olein biodiesel, and a 20%-v/ 80%-v 
biodiesel/petroleum diesel mixture – at nine engine 
operating conditions to compare and analysed the 
differences in nitric oxide emissions and smoke 
concentrations. [13]Studiedregulated and unregulated 
exhaust emissions with petroleum diesel fuel and 
Jatropha based biodiesel blends at proportions of 5%, 
10%, 20%, 50% and 100% (v/v) have been 
investigated. This study examines four regulated 
emissions: nitrogen oxide, carbon monoxide, 
unburned hydrocarbon and smoke, and four typical 
unregulated emissions: formaldehyde, acetaldehyde, 
acetone and toluene. Five antioxidants were used 
namely butylated hydroxyl toluene (BHT), tert-butyl 
hydroquinone(TBHQ), butylatedhydroxyanisole 
(BHA), propyl gallate (PG), and pyrogallol (PY). A 
B30 blend (30% JCB in the blend of JCB and petro-
diesel) has tested for the purpose of oxidation 
stability [14]. [15]Found out acceptable thermal 
efficiencies of the engine obtained with blends 
containing up to 50% volume of jatropha oil. From 
the properties and engine test results it has been 
established that 40%–50% of jatropha oil can be 
substituted for diesel without any engine modification 
and preheating of the blends. [16]Made the 
performance analysis of Ricardo E6 engine using 
biodiesel obtained from mahua oil (B100) and its 
blend withhigh speed diesel at varying compression 
ratio, injection timing and engine loading. [17] In 
their research, it is designed to study the effect of 
reducing jatropha oil’s viscosity by increasing the 
fuel temperature (using waste heat of the exhaust 
gases) and thereby eliminating its effect on 
combustion and emission characteristics of the 
engine. Experiments were also conducted using 
various blends of Jatropha oil with mineral diesel to 
study the effect of reduced blend viscosity on 
emissions and performance of diesel engine. A single 
cylinder, four stroke, constant speed, water cooled, 
direct injection diesel engine typically used in 
agricultural sector was used for the experiments. The 
acquired data were analyzed for various parameters 
such as thermal efficiency, brake specific fuel 
consumption (BSFC), smoke opacity, CO2, CO and 
HC emissions. While operating the engine on 
Jatropha oil (preheated and blends), performance and 
emission parameters were found to be very close to 
mineral diesel for lower blend concentrations. 

However, for higher blend concentrations, 
performance and emissions were observed to be 
marginally inferior. 
 
III. NANO METAL OXIDES 
 
To improve the quality of diesel fuel, various metal 
additives are doped with diesel for reaching more 
complete fuel combustion and reducing the amount of 
exhaust gases. The principle of this additive action 
consists of a catalytic effect on the combustion of 
hydrocarbons. Use of transition or noble metals in the 
form of fuel additives lowers the soot ignition 
temperature. Diesel additives can also be classified 
according to the purpose which they are designed for 
as, (i) preflame additives, (ii) flame additives and (iii) 
post flame additives [18]. In these category of fuel 
additives nanometal oxide playing a vital role to 
improve the performance and emission of diesel 
engine as a pre flame additives. [19]Investigated in 
his study is based on the effect of nanometal oxide 
additives like manganeseoxide and copper oxide to 
diesel fuel. Metal oxide additive are doped with 
diesel fuel.The changes in diesel fuel properties 
(viscosity, flash point and fire point) due to 
introduction of nanometal oxide additive were 
observed. The diesel fuel with nanometal oxide 
additive presented a marginal increase in 
performance. Exhaust emissions for the diesel fuel 
with nanometal oxide additive showed significant 
decrease in levels of pollutants emission. [20] Used 
the dimethoxymethane (DMM) additive with 15%, 
30%, and 50%value fraction respectively. He 
investigated that using diesel –DMM additive can 
improve thermal efficiency and is beneficial to the 
reduction of smoke and CO emissions as well as 
particle number of both nanoparticle and ultrafine 
particles in exhaust gas but increase NOx emission. 
When the DMM fraction is increased in diesel – 
DMM blends CO emission is reduced greatly under 
high engine load conditions. Though DMM additive 
has less significant at low engine load operations. 
Compare with the baseline case of using pure diesel 
when fuelling the engine with DMM15, DMM30, and 
DMM50 there was about 15%, 50% and 80% smoke 
reduction respectively. When using diesel – DMM 
blends engine performance and emissions can be 
optimize by adjusting fuel injection timing , 
advancing fuel injection timing brings in improved 
thermal efficiency and fuel efficiency, decreased 
smoke emission and particle number at the cost of 
increased NOX emission. [21]Investigated that the 
particulate emissions of the engine under different 
load conditions at engine speed is 1800 rpm. The 
diesel ethanol blends with oxygen concentration of 
2%, 4% and 8%. Diesel- biodiesel blends and diesel – 
diethylene glycol dimethyl ether (DGM) or named as 
diglyme blends with oxygen concentration of 2%, 
4%, 6%, 8%and 10% were studied. The increase of 
oxygenate concentration in the blends the particulate 
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matter (pm) emission decreases. Diesel fuel increases 
HC, CO, NOx and NO2 emission and decreases 
particle number concentration with the addition of 
ethanol into the diesel fuel. Adding diglyme into 
diesel fuel NOX emissions and particulate matter 
decreases. The study suggests that the ester structure 
of biodiesel is less effective in reducing the soot 
precursors than the alcohol structure of ethanol, 
leading to relatively higher smoke emissions for di-
butyl blends. [22] Usednano-organic additives and 
they observed that the torque of the engine fuelled by 
emulsion fuels is less than that of pure diesel. The 
torque reduces with the increase of water content 
because the emulsion fuels contain less energy than 
pure diesel due to the presence of water and organic 
additives. The heating value of E15 is 19.6% lower 
than that of pure diesel and E10 is also less than 
15%energy. Here also observed that emulsion fuel 
increased thermal efficiency. The brake thermal 
efficiency can be improved by 14.2%. Emulsion fuels 
can not only increasethe efficiency but also reduces 
the NOx emission. The higher the concentration of 
water content in the fuels is the lower the flame 
temperature is as a result E15 can reduce more 
NO2emission than E10. At full load condition the 
NO2 reduction for E15 IS 30.6% less than that of pure 
diesel. The HC and CO emission is also reduced. [23] 
Also emphasized on improving the performance of a 
diesel engine without changing the engine 
configuration. In his study an attempt has been made 
to improve the combustion efficiency of nanofuel, 
CeO2 nanoparticles dispersed diesel. It was prepared 
using a tip sonicator with different concentration of 
ceria varied in the range of 0.02, 0.04, 0.06, 0.08, and 
0.10 wt. % in diesel. Cerium concentration in diesel 
played an important role to control the concentration 
of toxic exhaust gases by influencing the complete 
combustion of fuel. The maximum reduction of 
emission gases and an increase of engine 
performance were observed at an optimum condition 
of 75 % of load and 0.06 wt.% of CeO2 in diesel, 
where brake thermal and mechanical efficiency were 
increased by 10% and 7%, respectively and the 
specific fuel consumption, NOx, and CO was found 
to be decreased by 10%, 50%, and 40% respectively. 
It is concluded that the use of nanofuel is a very 
efficient tool to protect our environment from the 
toxic gases emitted from the burning of fossil fuel. 
 
IV. ANTIOXIDANT 
 
Storing the biodiesel for a longer period, create the 
problem. Unsaturated fatty acid esters are present in 
biodiesel, which make it more susceptible to the 
oxidation or auto oxidation starts if long term storage 
of biodiesel is done. It is well reported in the reports, 
after oxidation of biodiesel and its diesel blends, the 
acid value, density, and viscosity increased, while 
iodine value decreased with increasing storage time 
[24].[25] Did tremendous work in the field of 

additive effects on oxidation stability of 
jatrophacurcas biodiesel blends with conventional 
diesel. They have investigated the effect of 
antioxidant additives on oxidation stability of neat 
biodiesel and its diesel blends. Biodiesel was 
prepared by methanolic KOH catalysed 
transesterification of Jatrophacurcas oil. Various 
diesel-biodiesel blends (B10, B15, B20, and B25) 
were prepared with conventional diesel sold at retail 
outlets of Northern India. Butylatedhydroxy anisole 
(BHA), butylatedhydroxy toluene (BHT), pyrogallol 
(PL), propyl-gallate (PG), tert-
butylhydroxyquinone(TBHQ), and diphenylamine 
(DPA) additives were selected for this study. 
Significant improvement in oxidation stability as well 
as in density and kinematic viscosity of 
diesel−biodiesel blends was obtained with all 
antioxidants studied.Their experiment revealed that 
PL, PG, and TBHQ were most effective in neat 
biodiesel as well as its diesel blendsand their use in 
diesel−biodiesel blends showed a greater stabilizing 
potential. 
  
CONCLUSION 
 
After reviewing various research papers it is revealed 
that the enhanced performance parameter, less 
hazardous emission and energy demand can be 
fulfilled by using jatropha, nano metal oxide and 
antioxidant as additive to diesel fuel. Manganese has 
the stronger effect in reducing the diesel exhaust 
emissions.The exhaust emission measurements for 
the fuel with manganese additive showed that CO is 
reduced 37%, and NOX is reduced 4%.Also 
maximum drop of freezing point was measured about 
15℃ with organic based manganese. Jatropha has 
several similar properties as that of diesel and it gives 
comparable performance results that of diesel so it 
can also be used as the blending additive to diesel. 
Usually antioxidants are mixed in the jatropha to keep 
its auto oxidation property for a longer time.  
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