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Abstract— As we are a part of the 21st century, we are 

living in a world where luxury has somehow become a 

necessity for many of us. Mode of working, travelling, 

living should be luxurious. In order to full fill one of these 

luxuries there are increased energy demand and rapid 

depletion of high energy non-renewable energy resources 

like petroleum products the search for new renewable and 

alternative fuels has gained momentum. Increased pollution 

due to the excess use of such petroleum and diesel fuels in 

the cars. So we need to find an appropriate solution to this 

problem. Emission control is one of the major challenges 

observed in IC Engines and field of automobile. Emission 

cannot be completely predicated from automobiles but 

instead can be minimized to the lowest level. The main 

objective of this project is to reduce the level of harmful 

pollutants in the exhaust such as unburned hydrocarbon 

(HC), carbon monoxide (CO), oxides of nitrogen (NOx) and 

smoke. When we add nanoparticles like CeO2, Al2O3 etc. 

in base fuel, it can change the diesel engine performance, 

combustion behaviour and emission. It could improve Brake 

Thermal Efficiency (BTE), Specific fuel consumption and 

greatly reduce the harmful pollutants. There is also used 

specified surfactant for increase the stability. Experiments a 

special care was taken to improve the performance break 

thermal Efficiency and reduce of emission of NOx, HC, CO 

etc. harmful pollutants. 
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I. INTRODUCTION 

Diesel engines can be easily called as the most efficient 

prime movers today. They are being used more because of 

their reliability and being economic. The use of CI engines 

in automobiles began in 1930s.[5] Then after very high usage 

of diesel engine in cars, trucks etc. and due to this increasing 

usage of diesel engines led to more use of fossil fuels. 

Therefore increasing the emission and leading to global 

warming. The use of alternative fuels or effective fuel 

formulation can be a solution. This will lead to better engine 

performance and reduce the harmful exhaust emissions. One 

modern lubricant additive which we can make use of are 

nanoparticles. [16] When the size of a particle lies between 1 

to 100 nanometers, the particle is called as a nanoparticle.[5] 

Due to their nanometer size they can easily enter into the 

contact area like molecules. They immediately show their 

efficiency at ambient temperatures also. The zigzag 

Brownian movement of the nanoparticles needs to be 

maintained at the normal level and particles should not be 

put to rest. [17] 

II. TYPES OF NANOPARTICLES 

There are many types of nanoparticles are used in CI 

engines: 

A. Cerium oxide 

B. Titanium dioxide 

C. Aluminium oxide 

D. Copper oxide 

A. Cerium oxide: 

 
                       Fig. 1: Cerium oxide powder [17]  

Cerium oxide also known as ceric oxide, ceria or cerium 

oxide is an oxide of the rare earth metal cerium. It is a pale 

yellow powder with the chemical formula CeO2. 

Table1 Property of cerium oxide [17] 

Cerium Oxide 

Property Value 

Chemical formula CeO2 

IUPAC name Cerium Oxide 

Molar mass 172.115 g/mol 

Density 7.215 g/cm3 

Melting point 2400 oC (4350 oF; 2670 K) 

Boiling point 3500 oC (6330 oF; 3770K) 

Solubility in water Insoluble 

Cerium oxide is formed by the calcinations of 

cerium oxalate or cerium hydroxide which is unstable that 

will oxidize to cerium oxide. In this particular review a pure 

diesel was tested individually for all its values and then it 

was blended with cerium oxide nanoparticles and sees the 

improvement for the engine. The pure diesel was tested in 

the CI engine and nanoparticles were prepared. The 

nanoparticles were blended to the diesel and were tested in 

the 4 stroke CI engine. Cerium oxide is an oxygen donating 

catalyst or absorbs oxygen for the reduction of NO2.The 

oxygen required for oxidation of CO is given by cerium 

oxide. The carbon deposits are burnt off by the help 

activation energy proudly by carbon oxide inside the 

cylinder and thus prevent deposition of non-polar 

compounds which lead to reduction in emission of HC.[5] 

When cerium oxide is added as nanoparticles the emission 
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of NO2 and HC were reduced by 30% and 45% and 

efficiency of the engine was increased by 5%.[5] 

B. Titanium dioxide 

 
Fig. 2: Titanium dioxide [18] 

Titanium dioxide also known as titanium oxide or titanium 

is the naturally occurring oxide of titanium, chemical 

formula TiO2.Generally it is sourced from limonite, rutile 

and anatase. Titanium dioxide is considered for various 

applications like lithium-ion batteries, filters, anti-reflective 

& high reflective coatings and has been widely investigated. 

TiO2 is playing a significant role in helping to solve many 

serious environmental and pollution challenges. It is also 

bears effective utilization of solar energy based on the 

photovoltaic and water splitting devices. [5] When you 

submit your final version, after your paper has been 

accepted, prepare it in two-column format, including figures 

and tables.  

Titanium Dioxide 

Property Value 

Chemical formula TiO2 

IUPAC name Titanium dioxide 

Molar mass 79.866 g/mol 

Density 
4.23 g/cm3(Rutile) 

3.78 g/cm3 (Anatase) 

Melting point 1843oC (3349oF; 2116 K) 

Boiling point 2972oC (5282oF; 3770K) 

Solubility in water Insoluble 

In the study, we have made an attempt to prepare 

tetragonal pure anatase phase TiO2 nanoparticles in simple 

way without any additives and successfully prepared it. 

Since, no any chemical components used during the 

preparation of nanoparticles. When we add this 

nanoparticles in diesel there was reduction in the brake 

specific fuel consumption by 22% and an increase in brake 

thermal efficiency. As far as emissions are concerned, the 

emissions of unburnt hydrocarbons and carbon monoxide 

were reduced by 18%. [16] Nowadays metal based additives 

are also in research. Petroleum diesel was the fuel which 

was used for investigation. Increased heat release rate and 

cylinder pressure and decreased ignition delay period were 

observed.  

C. Aluminium oxide: 

 
Fig. 3: Aluminum oxide powder [19] 

Alumina oxide is a chemical composition of aluminum and 

oxygen. The chemical formula of aluminum oxide is 

Al2O3.It is also called alumina, aloxide, aloxite & alundam 

depending upon particular forms and application. 

Aluminium Oxide 

Property Value 

Chemical formula Al2O3 

IUPAC name Aluminum Oxide 

Molar mass 101.96 g/mol 

Density 3.95 - 4.1 g/cm3 

Melting point 2072 oC (3762 oF; 2345 K) 

Boiling point 2977 oC (5391 oF; 3250K) 

Solubility in water Insoluble 

Although several studies have shown that the 

addition of nanoparticles to solid fuels and propellants can 

result in shortened ignition delay, increased energy density, 

and high burn rates, there has been little work has been 

reported in the past on the effect of adding nanoparticles to 

liquid fuels, according to the researchers. Aluminium oxide 

has many applications in which its properties of 

extraordinary hardness and thermal stability are exploited. 

Examples of products incorporating aluminium oxide 

include abrasive materials, bone substitutes, melting pots 

and watch glasses. Aluminium oxide is a classic antacid 

remedy for heartburn. When we add Al2O3 nanoparticles in 

diesel there are slightly increase in the torque and brake 

power output values of the engine. The maximum torque 

and power increase according to neat diesel was 1% and 

3.28% for the Nano diesel fuel at dosage of 50ppm Al2O3.
[19] 

Emission of CO, HC and NOx with the addition of Al2O3 to 

neat diesel is significantly lower with up to 11%, 13% and 

6% respectively. Al2O3 additives led to reduction in BSFC 

of up to 0.5% and1.2% at moderate engine speed, 

respectively. 

 

D. Copper oxide: 

 
Fig. 4: Copper oxide powder [20] 

Copper Oxide is also known as Cupric Oxide. It is the 

Inorganic Compound and its formula is CuO. It is the 

combination of oxide and copper. It is the product of copper 

http://www.nanopartikel.info/en/glossary/168-hardness
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mining and the precursor to many other copper-containing 

products and chemical compounds. 

Copper Oxide 

Property Value 

Chemical formula CuO 

IUPAC name Copper Oxide 

Molar mass 79.545 g/mol 

Density 6.315 g/cm3 

Melting point 1326oC (2419oF; 1599 K) 

Boiling point 2000oC (3630oF; 2270 K) 

Solubility in water Insoluble 

Cu2O (Cuprous oxide) and CuO (Cupric Oxide) are 

two important oxide compound of copper. Copper oxide 

nonmaterial have the advantage of a lower surface potential 

barrier than that of metals, which affects electron field 

emission properties.[11] Copper oxide is considered as a 

potential field emitter, an efficient catalytic agent, as well as 

good gas sensing material. It also plays an important role in 

optoelectronics and solar cell. Among all the metal oxides 

copper oxide nonmaterial has attracted more attention due to 

its unique properties. [11] 

III. EFFECT OF NANOPARTICLES 

Emission control is the most important matter in IC engines 

and in the field of automobiles. There are many theories 

have been established about to reduce emission but emission 

cannot be completely eradicated from automobiles.[14] There 

are need to minimize the emission at the lowest level for the 

public and also vehicles. Nanoparticles have been found to 

be well efficient in emission control. This is the new method 

to reduce and achieve the near zero emission from 

automobiles with increase performances. [14] There are 

several advantages of use of nanoparticles. They have very 

small size. So that they can easily enter into the contact area 

like molecules. They immediately show their efficiency at 

ambient temperatures. Fuel formulation with the help of 

nanoparticle additives takes place to enhance the properties 

of the fuel to obtain a better output from the diesel. The 

nanoparticles like cerium oxide, titanium oxide, aluminium 

oxide, copper oxide, etc. which improve the load carrying 

capacity and reduce the friction and wear of tribo particles. 

The size of nanoparticles are very small so that the overall 

properties of the material can be improved by manipulating 

the chemical and physical properties of nanoparticles like 

hardness, conductivity, stability, optical sensitivity, melting 

point, reactivity, etc. Nanoparticles are providing oxygen for 

complete combustion which is responsible for reduce the 

time delay for combustion and absorbs oxygen for the 

reduction of NO2. [14] 

IV. REVIEW OF RESEARCHERS 

A. Gosens, Mark R. Miller et al.[1]  

had tested the Cerium oxide nanoparticle in 4 stroke CI 

engine. Cerium oxide is an oxygen donating catalyst or 

absorbs oxygen for reduction of NO2.When cerium oxide 

added as nanoparticles the emission of NO2 and HC was 

reduced by 30% and 45% and the efficiency of the engine 

was increased by 5%. But there was problem of settling of 

nanoparticles. 

B. Ajin C.Sajeevan V.Saijith et al.[2]  

testing of cerium oxide nanoparticle on four cylinder four 

stroke engine. During the testing the engine speed was keep 

constant. They used cerium oxide of 10 to 40 ppm quantity. 

They used oleic acid as surfactant which quantity is varied 

from 0.01 to 0.1%.So that they got result that with the help 

of this emulsion gives maximum stability. 

C. Nithin Samuel, Muhammed Shefeek K et al.[3]  

also experimental on the four cylinder four stroke engine 

with use of cerium nanoparticle. They determine the effect 

of cerium oxide on the performance and emission 

characteristics of CI engine, which shows that the 

performance of engine increases with the addition of 

nanoparticle to the fuel. They got result that specific fuel 

consumption was decreased by 0.5 kg/kw.hr when mixed 

with cerium oxide at 30 ppm in diesel; Mechanical 

efficiency of the engine was enhanced by 20% while using 

fuel added with 30 ppm cerium oxide. However thermal 

efficiencies were higher for neat diesel than the fuel mixed 

with nanoparticle. There was a significant improvement in 

the exhaust emissions while using diesel mixed with cerium 

oxide nanoparticle.  

D. V.Arul Mozhi Selvan, R.B. Anand and M.Udaykumar et 

al.[4]  

investigated of neat diesel and diesel biodiesel ethanol 

blends with addition of cerium oxide nanoparticles. They 

got result that when use of this type of mixer prevents phase 

separation among diesel and ethanol blend and the stability 

of the blend with the addition of cerium oxide improves 

with high speed blending, also decreased the specific fuel 

consumption, carbon monoxide emission decreased with the 

use of cerium oxide nanoparticle in diesel-biodiesel ethanol 

blends and neat diesel. 

E. Rolvin D’Silva et al. [5]  

found that the exact concentrations of titanium dioxide to be 

added. Their experiment was performed to analyse the 

parameters like calorific value, density, fire point, viscosity, 

etc. They got result that there was increased in brake thermal 

efficiency, reduction of brake specific fuel consumption on 

addition of titanium dioxide and also reduced the emissions 

of unburnt hydrocarbons and carbon monoxide were 

produced. They got result that emission of CO reduces by 

25% and emission of unburnt HC reduces by 18% and Bsfc 

decreases by 22%. 

F. Soner Gumus, et al.[7]  

analysed stability characteristic of diesel with addition of 

aluminium oxide under static condition. The results showed 

that the stability of Nano diesel can be increased by 

regulating pH and using dispersant. The storage and 

combustion characteristics were also improved by addition 

of nanoparticles. The engine test results indicated that the 

use of nanodiesel increases performance efficiency and 

emission is reduced. They have concluded that the pH, type 

and the concentration of the dispensability of nanoparticles 

in the diesel. They found that Nano diesels are generated 

good stability about pH = 7.7 for Al2O3 addition in diesel. 

The maximum torque and brake power output increased 
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according to neat diesel result was 1.0% at the nanoparticle 

addition dosage of 50ppm Al2O3.Emission of CO,HC and 

NOx with the addition of Al2O3 to neat diesel are 

significantly reduced up to 11%,13% and 6% respectively. 

G. C. Syed Aalam, C.G. Saravanan, M. Kannan et al.[9] 

added 25ppm and 50ppm aluminum nanoparticles with 

biodiesel in diesel. It was observed that aluminum oxide 

nanoparticles blended fuel exhibits a significant reduction in 

specific fuel consumption and exhaust emissions at all 

operating loads. At the full load, the magnitude of HC and 

smoke emission before the addition of aluminum oxide of 

25ppm nanoparticles was 13.459 g/kW h and 79 HSU; 

whereas it was 8.599 g/kW h and 49 HSU for the 50ppm 

aluminum nanoparticle respectively. The results also 

showed a considerable enhancement in brake thermal 

efficiency and heat release rate due to the influence of 

aluminum oxide nanoparticles addition in biodiesel–diesel 

blend. After the experiment they had concluded that the 

aluminum oxide nanoparticles (Al2O3) are efficient in 

improving the properties of biodiesel blend. It also enhances 

the performance and reduces the emission of biodiesel blend 

used in the diesel engine.  

H. Soner Gumus, et al.[11]  

investigated the effects of the copper oxide nanoparticles on 

the engine performance and emissions. They showed that 

copper oxide act as a combustion catalyst for hydrocarbon 

fuels. Therefore nanodiesel has a potential to improve the 

combustion efficiency and to reduce the air pollutants. They 

know that nanoparticles have generally higher surface 

energy due to their large surface area. So that they tend to 

agglomerate to form a micro sized particle and start to 

sediment. They used 30 to 50 nm size CuO nanoparticles 

were used for produce nanodiesel. The dispersion stability 

of the prepared nanodiesel was studied by controlling the 

sedimentation of particles. There was requirement of to 

increases the stability of nanodiesel. So that they used the 

sodium silicate (Na2O7Si3) are the well-known dispersants 

for water based Nano fluids. The effect of these dispersants 

on stability of Nano-diesel fuel was investigated it can be 

obtained with high surface charge density to generate strong 

repulsive forces. They found that nanodiesel generate good 

stability when CuO of pH=10 is added in diesel. The 

maximum torque and brake power output increased 

according to neat diesel result was 3.28% at the nanoparticle 

addition dosage of 50ppm CuO. Emission of CO, HC and 

NOx with the addition of the CuO to neat diesel are 

significantly reduced up to 5%,8% and 2% respectively. 

I. V. Sajith et al.[12]  

carried out experimental investigation on performance and 

emission characteristics of single cylinder constant speed 

diesel engine fuelled with CeO2 nanoparticles (10 to 20 nm) 

added to jatropha biodiesel with dosing level of CeO2 vary 

from 20 to 80 ppm. The tests results showed that BTE 

increased and SFC reduced by adding nanoparticles in 

biodiesel compare to pure biodiesel. They showed that CeO2 

oxidize carbon deposits from the engine leading to efficient 

operation and reduced fuel consumption. The addition of 

CeO2 nanoparticles to biodiesel decreased CO, HC and soot 

emission compare to biodiesel without CeO2. 

CeO2 supplies oxygen for the reduction of HC as 

well as soot and converted to Ce2O3 as per the following 

reactions: 

Hydrocarbon Combustion: 

(2x + y)CeO2 + CxHY              (
2𝑋+ 𝑦

2
) Ce2O3 + 

𝑋

2
 CO2 + 

𝑌

2
 

H2O 

Soot burning: 

4 CeO2 + Csoot                         2 Ce2O3 + CO2 

The average reduction in HC emission with CeO2 

Nano additive was 25 to 40% with dosing level vary from 

40 to 80 ppm. CeO2 formed from the oxidation of HC and 

soot remains active and reoxidised to CeO2 through the 

reduction of NO as per reaction. Hence emission of No 

reduced with an average reduction of 30% with dosing level 

of 80 ppm CeO2 nanoparticles.  

Ce2O3 + NO                 2CeO2 + 
1

2
 N2 

J. Kao et al.[14]  

performed experiments on combustion of aqueous 

aluminum Nano fluid with diesel fuel. It was found that 

burning rates of hydrogen with diesel fuel in the presence of 

aqueous aluminum were quite high. The reason can be 

attributed due to small aluminum particle size (40–60 nm) 

and high oxidation rates which provides larger contact 

surface areas for decomposition of more hydrogen from 

water. In addition, aluminum particles act as a catalyst 

which further accelerates the combustion process which 

augments the total heat of combustion. 

V. EXPERIMENT SET UP 

After studying research paper related to nanoparticles, it was 

found that all are very important for reducing the emission 

and increasing the performance of the engine. Experiment 

set up created at my institute: After studying all the research 

papers related to use of nanoparticles in diesel fuel, I found 

that Cereium Oxide was better for improving performance 

and reducing emission of harmful pollutants. Contacted 

Nano lab for cerium oxide nanoparticle used for this study. 

We use following engine for experiment but it is very costly 

and rarely available in market so i decided that for this 

practical performed we used Aluminum nanoparticles.  

 
Fig 5: Experimental set up 

Model TATA 407 

Type 
High speed, water cooled, naturally 

aspirated, high pressure direct injection 



Utilization of Nanoparticles in Diesel to Enhance Efficiency and Reduce Emission 

 (IJSRD/Vol. 6/Issue 08/2018/071) 

 

 All rights reserved by www.ijsrd.com 299 

diesel engine with dry liners 

No. of cylinders 4 in line 

Bore (mm) 97 

Stroke (mm) 100 

Capacity (cc) 2956 

Compression 

ratio 
17.1 

Power (HP) 50 (37.50 KW) 

Idling speed 

(rpm) 
600 

Max. Operating 

Speed (rpm) 
3000 

Engine Torque 

(Nm) 
135 at 2500 rpm 

Air Filter Oil bath type 

Oil Filter Full flow paper type 

Fuel Filter Single stage filtration 

Fuel injection 

pump 
Inline type 

Fuel injection 

begins 
15 degree BTDC 

Table 5: Engine Specifications 

VI. RESULTS & DISCUSSION 

A. F.C vs B.P  

 
Fig 6: Fuel consumption vs Brake power 

As above graph when I increased the Brake power the fuel 

consumption is decreased. 

B. S.F.C vs B.P 

 
Fig 7: Specific Fuel Consumption vs Brake Power 

Above graph shows the relation between Brake Power and 

Specific Fuel Consumption. As Brake Power Increases 

Specific Fuel Consumption decreases up to rated condition 

and then will increase. 

C. I.P vs B.P 

 
Fig. 8:  Indicated Power vs. Brake Power 

Above graph shows the relation between Brake 

Power and Indicated Power. As Brake Power Increases 

Indicated Power are also increases. 

D. ηm Vs. B.P 

 
Fig. 9: Mechanical Efficiency vs. Brake power 

Above graph shows the relation between Brake Power and 

Mechanical Efficiency. As Brake Power Increases 

Mechanical Efficiency is also increases. 

E. ηBT vs B.P. 

 
Fig. 10:  Brake Thermal Efficiency vs. Brake power 
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Above graph shows the relation between Brake 

Power and Brake Thermal Efficiency. As Brake Power 

Increases Brake Thermal Efficiency increases up to rated 

condition and then will increase. 

F. nIT Vs. B.P 

 
Fig. 11: Indicated Thermal Efficiency vs. Brake power 

Above figure shows that different Brake power of 

engine vs. fuel consumption, specific fuel consumption, 

mechanical efficiency, Brake thermal efficiency and 

Indicated thermal efficiency. The results suggest that there is 

with increase in Brake power the fuel consumption, 

mechanical efficiency, Brake thermal efficiency, Indicated 

thermal efficiency are increases up to full load due to 

specific fuel consumption are decreases but over load 

condition Brake thermal efficiency and Indicated thermal 

efficiency are decreases. The above results also suggest that 

with increase in brake power, there is a rise load on engine. 

G. Heat Balance (Hf, HBp, Hip) vs. B.P 

 
Fig. 12: Heat Balance vs. Brake Power (Hf) 

 
Fig. 13: Heat Balance vs. Brake Power (Hjw) 

 
Fig. 14: Heat Balance vs Brake Power (Heg) 

 
Fig. 15: Heat Balance vs Brake Power (Hu) 

Above figures shows that heat equivalent to brake 

power is increase with engine load increase and heat carried 

by exhaust gas is decrease with engine load increase and 

heat carried away by jacket cooling water is nearest same at 

all load 

H. CO vs B.P 

 
Fig. 16: Emission of CO 

I. CO2 vs B.P 

 
Fig 17. Emission of CO2 
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J. HC vs B.P  

 
Fig. 18: Emission of HC 

K. NOx vs B.P 

 
Fig. 19: Emission of NOx 

VII. CONCLUSION 

The base reading were conducted without adding Nano 

particles into base oil in water cooled, four stroke, four 

cylinder, direct injection diesel engines with oil bath 

lubrication system are subjected to study engine working 

performance at no load to high load working condition. The 

study result can be summarized into the following point: 

1) The brake power produced by engine is maximum when 

engine operating at full load condition. Max brake 

power produced by engine is approximate 16kw.   

2) The max brake specific fuel consumption is 

0.236kg/kw.h at 14.1kw. 

3) The indicated thermal efficiency produced by engine for 

diesel fuel is 48.485%. 

4) The exhaust gas were messured by gas analyzer and 

result shows NOx and HC were higher than CO2 but 

when we added nano particle in pure diesel in various 

quantity then we got greatly effect on NOx and HC 

emission. They were greatly reduced compare to base 

readings. 
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