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ABSTRACT 

Diesel engine contest important role in vehicular applications like transportations, vehicles etc., due to the negative 

impacts of diesel engine viz low combustion efficiency, high freezing point and high pollutant content, the engine 

manufacturers are forced to make some modifications in the vehicles. Nano particles with high catalytic effect and high surface 

area enhance the physicochemical properties of fuel and lower the emission of harmful pollutants. The performance of the 

engine is upgraded with the nano blend. In this review, various nano additives and their preparation techniques are 

documented. The performance and emission characteristics are also analyzed 
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INTRODUCTION 

Now days, the need for energy was inevitable and the emission which was the outcome of vehicles are also increased. 

To prevent and to reduce the global pollution of environment which is generally caused by fossil fuels like petroleum, coal and 

natural gas etc., some of the researcher’s effort to prospect on the new energy resources and various techniques such as exhaust 

gas recirculation, engine modification have been introduced. Of these, fuel additives have distinguishing characteristics to 

upgrade the engine performance and to degrade pollutant emissions. To improve quality of diesel; metal additives are used for 

complete combustion and better reduction of pollutants. 

The principle of this additive action consists of a catalytic effect on the combustion of hydrocarbons, metal additive 

either reacts with water to produce hydroxyl radicals, which enhance soot oxidation or react directly with carbon atoms in the 

soot thereby lowering the oxidation temperature. Micron or millimeter sized additives create plentiful side effects during 

combustion process like period of ignition delay, slow burn rates, and incomplete combustion due to broad metal particles. 

Fuel properties like viscosity, flash point, fire point, cloud point and pour point etc., are varied by using additives to better 

combustion and scale down the pollutant emissions. Comparing with micron and larger sized particles, nano sized particles 

have upraised specific surface, which lead for accumulation of reactivity and also increases catalytic activity, super 

paramagnetic behavior, super plasticity, lower melting temperatures, lower sintering temperatures, and higher theoretical 

densities. 

2. Selection of Nano Additives 

In order to overcome the problems associated with the diesel, use of chemical substances like fuel additives derived 

from organic, inorganic metals were used. A fuel additive generally improves the combustion efficiency and reduces the 

pollution. Metal based elements, such as manganese, iron, copper, barium, calcium and platinum etc., which have been used as 

a combustion catalyst for hydrocarbon fuels. Nano materials are more effective than bulk materials because of its higher 

surface area. Nano material selection depends upon the size and catalytic effect on the combustion of hydro carbons.  

Manganese additives have greater liability to reduce the freezing point of diesel. Increase in concentration of 

manganese causes stronger attraction effect within ions and it alter the fuel colligative properties and it was experimentally 

analyzed by Metin Guru et al.  V.Sajith et.al investigated cerium oxide on biodiesel, which acts as an oxygen providing 

catalyst and reduction of NO. Ganesh. D et al., introduced Magnalium and Cobalt particles as an additive in jatropha biodiesel 

it slows down the energy consumption and results in better thermal efficiency. Mina Mehregan et al., investigated alumina 

additive into ethanol and n-decane fuel. He reported that flame temperatures of the ethanol and n-decane fuel were reduced due 

to addition of alumina. Muhammad I. Qadir et al., reported TiO2 nanomaterial has high active catalysts for the oxidation of 

hydrocarbons and catalytic activity. F. Bonet et al., analyzed about the catalytic activity of silver loaded alumina powder and 

palladium loaded mixed Ce-Zr on catalytic converter. In his report, both the additives have better oxidation of CO and HC and 

reduction of NOx was reported. Mukesh Thakur et al., used copper nano particle into the catalytic converter to reduce HC and 

CO emissions in SI engine. 

Preparation of Nano Additives 

Nano particles are prepared either by top down process or by bottom up process. In this, top down process comprises 

of Ball Milling, Plasma Arcing, Laser sputtering, Vapour Deposition methods and bottom up process comprises of Sol-Gel 

method, Colloidal method, Electro deposition, Solution phase reductions. Among these, ball milling and sol-gel methods are 

more familiar to prepare the nano particles. 

SOL-GEL Method 

In this method, Nano powders are used in the form of gel. Sol-Gel method involves formation of ‘sols’ in a liquid and 

then connecting the sol particles to form a network. By drying the liquid, it is possible to obtain powders, thin films etc., Sol 
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can be obtained by hydrolysis, condensation and polymerization of monomers to form particles and agglomeration of particles. 

M. A. Lenin et al., used manganese oxide and copper oxide to prepare a solution, identified base salt was reacting towards 

distilled water. Using ultrasonicator device mixing was performed, and then it’s dried and grounded to fine powder. Nano 

powder with diesel was dissolved to obtain Gel solution. 

R.K. Barik et al., was preparing a gel by using hydrolysis process; aqueous solution of Scandium Nitrate and citric 

acid were added to nitric acid, then tungsten oxide was mixed to the solution, which was stirred continuously ammonia was 

added slowly. A hydrolysis reaction takes place and mixture was dried under persisted stirring after that gel formation takes 

place. S. Sambasivam et al., introduced pure Tin Chloride (hydrous SnCl4.5H2O) in distilled water, then citric acid was mixed 

into it, and Erbium Chloride (ErCl3.6H2O) dissolved in distilled water, then polyglycol was added and mixed to the above 

solution and continually stirred for few minutes: after that drop wise aqueous ammonia solution was added to the obtained 

sample solution and hydroxide product was stirred to form a gel. Bhajan Lal et al., used high reagent to produce ND-doped 

silica gel: hydro-chloric acid acts as a catalyst, Tetra ethoxy silane, ethanol, and deionized water was combined and in the pre-

hydrolyzed solution, neodymium oxide was mixed in the form of nitrate under heating, then sample solutions was dried in an 

oven after that gelation act takes place. 

Ball Milling 

A ball mill works on the principle of breaking of materials by impact force: small hard balls are allowed to rotate 

inside a container and then it is made to fall on a solid with high force to crush the solid into nano powder. G.R. Khayati et al 

used the ball mill to reduce the size of the cuprous oxide up to 11nm. In this size reduction, crystallite size and internal strain 

of the Cu2O particles depends upon milling time. M. Ramezani et al investigated about the result of different ball milling 

parameter and operating condition to achieve the particle size reduction of aluminum. Radzali Othman et al used calcium 

phosphate dibasic dihydrate CaHPO4.2H2O, and calcium hydroxide Ca(OH)2 to synthesize hydroxyapatite with the help of ball 

mill and results indicated that, after 2 hours of milling with ball to powder ratio of 10:1, hydroxyapatite was synthesized. 

A.Gajovic et al changed the crystal structure and reduced the particle size of TiO2 and ZrO2 using high energy ball mill and 

investigated about different milling condition and their mixtures. 

Performance and Emission Analysis 

This section reviewed about the various nano dosed diesel and their performance and emissions were analyzed. V. 

Arul Mozhi Selvan et al., investigated the performance, combustion and emission characteristics of a variable compression 

ratio engine using Cerium Oxide Nano particles and Carbon Nanotubes as fuel-borne nano particles additives in Diesterol 

(diesel–castor oil bio-diesel) blends. Carbon Nanotubes act as oxygen donating catalyst and reduced Nitrogen Oxides. Addition 

of CERIA and CNT as fuel-borne nanoparticles, decreases the harmful exhaust gas emissions like hydrocarbon by 7.2% and 

smoke emission by 47.6% respectively. 

Metin Guru et al., experimentally synthesized Mn, Mg, Cu and Ca metal organic compounds, and their solution used 

as fuel additives in diesel. The freezing point was lessened by 12.4oC and cetane number was raised to 48.24 %. Engine 

exhaust measurement with fuel additive showed that O2 and CO is reduced to 0.2 and 14.3 %, respectively. Ali Keskin et al., 

used manganese and magnesium abietate as a nano additive, which was obtained by reaction between MnO2 and MgO among 

abietic acid in oily media, then it was tested in a diesel engine. Fuel properties like pour point, cloud point were increased and 

maximum reduction of SFC was recorded as 4.16 %, CO emission and smoke opacity decreased by 16.35% and 29.82%, 

respectively. J.Sadhik Basha et al., introduced alumina as nano additives into water-diesel emulsion fuel. He reported the 

performance and emission results showed the break thermal efficiency step up by 28.9% and the magnitude of NOx emission 

reduced to 891 ppm whereas for neat diesel was 1340 ppm. G.R. Kannan et al., investigates ferric chloride (FeCl3) as a fuel 

borne catalyst (FBC) in waste cooking palm oil. In this, Partial immiscible CuO, CuCl2, and CuSO4 & completely Miscible 

FeCl3, were added. Engine tested result showed that CO emission reduced to1.9 g/kW h & Smoke opacity dropped to 31% 

from 52.8%. 

D. Ganesh et al., carried out the performance and emission characteristics of jatropha bio-diesel with Magnalium (Al-

Mg) which has highly energetic particles and cobalt oxide (Co3O4) which acts as oxygen buffer used as an additive. 

Sedimentation of nano additives was controlled by cationic surfactant. Emission analysis showed that 60% and 50% reduction 

of HC and CO, respectively. W.M.Yang et al., investigated glycerin additive into novel emulsion fuel and carried out the 

performance and emission analysis. The emulsion fuel has high viscosity and stability. In this work, NO emission reduced by 

30.6% and brake thermal efficiency raised by 14.2%. M.A.Lenin et al., analyzed the performance and emission characteristics 

of DI diesel engine with nano fuel additives of Manganese oxide and copper oxide. Diesel fuel with nano additives increased 

engine performance by 4% and reduced emissions of HC-1%, NO-4%, and CO- 37%, respectively. V.Sajith et al., 

experimentally investigated the effect of cerium oxide nano additive on bio-diesel. Cerium oxide oxidizes carbon deposits in 

engine. In his work, the brake thermal efficiency increased by 1.5 % and emission level of HC and NOx were appreciably 

reduced. 

CONCLUSION 
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Fuel additives to change physicochemical properties of fuel and to improve performance and emission of fuel .From this 

review, it is concluded that fuel additives have better characteristics to improve fuel properties like flash, fire, and cloud point 

was observed. The performance of an engine showed a marginal increase for brake thermal efficiency by  14.2 % & 28.9 % 

with additive doped diesel fuel and exhaust emission measurements for the fuel with additives showed that CO ,HC and NOx 

was reduced by 37% & 50 % ,1% &7.2 % and 4% & 30.6%, respectively. 
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