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Abstract— The  increase  in  energy  consumption  in  past  several decades  has  increased  the  awareness  of  exhausting 

natural  resources. Due to this the demand of Biodiesel is increased. Since, Biodiesel is a promising substitute as an 

alternative fuel. Jatropha curcas oil is considered as an alternate fuel for CI engines. Here an experimental investigation is 

carried out to establish the performance and emission characteristics using Aluminium oxide (Al2O3) as nano additive in 

jatropha biodiesel blended with various proportions of nano additives 25ppm, and 50ppm respectively. The biodiesel is 

produced from the jatropha oil by standard transesterification process and subsequently, the nano particles are blended by 

means of a mechanical agitator to achieve stable suspension. It is observed that the blends are stable which are suitable for the 

performance test on the compression ignition engine. The whole investigation is carried out in a DI diesel engine using 

different proportions of nano additive blended biodiesel. 
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I. INTRODUCTION 

The  increase  in  energy  consumption  in  past  several decades  has  increased  the  awareness  of  exhausting natural  

resources. A  study shows  that  if  exploited  at  the  same  rate,  the  coal depletes  in  next  200-300  years  and  petroleum  

will deplete  in  the  next  few  decades.  

The project motive generally involves around the need of an alternative source of fuel. Hence Biodiesel fuels are 

Considered as best alternative for diesel fuel as it is renewable, eco – friendly, non-toxic and basically free of sulphur. In 

recent year several kind of vegetable oil are employed as fuel in engine. Various edible oil such as peanut oil, corn oil, palm 

oil where used as alternative fuel for diesel engines edible oil increases the cost of food products they are not recommended to 

use.  

Hence we are using jatropha oil as the biofuel as it is non- edible oil. Since the conversion rate of non- edible oil into 

fuel comparable to the edible oil is efficient in terms of production quality.The by-products generated can be utilised for soil 

enrichment & also used for lubrication in automobiles. 

Jatropha oil is an ideal source of triglycerides which yield more biofuel. The Jatropha tree has the capacity to grow 

without irrigation in the dry conditions where the biodiesel crops find difficult to survive. The yield of the Jatropha plant is 

also higher than any other biodiesel crop.The Jatropha plant can yield four times higher than the other biodiesel crops. So a 

hectare of Jatropha oil can produce 1,892 litres of biodiesel. 

For the production of bio fuel certain procedures of process are done. Primarily the oil is extracted and processed. To 

convert the jatropha oil in to jatropha methyl ester (bio fuel) the Trans esterification process is done using methanol and base 

catalyst.  

The use of jatropha bio diesel leads to a slight loss of engine power and higher soot and NOx emissions. These 

problems can partially be reduced by use of blending Nano particles with biodiesel.Research has been conducted by using 

Nano particles which in turn act as a liquid fuel catalyst, which turns enhance the ignition, and combustion process of the 

engine.  

Addition of Nano particles have more reactive surface allowing them to act as more efficient chemical catalyst, 

thereby increasing the combustion.  Nano- organic additive to emulsion fuel accelerates the fuel evaporation rate and also the 

mixing of fuel with air with reduced combustion duration. This led to improved brake thermal efficiency. 

Moreover the presence of the Nano particles increases fuel-air mixing in the combustion chamber, which leads to 

more complete burning. 

The major perspective of the project is to make the available fuel as a stabilized one with the help of additive 

materials in the form of liquid state, the general consideration is where the present fuel is made more efficient along with the 

mix is certain ratios with the bio fuel.  

In this work, the performance and emission characteristic of the diesel engine using jatropha biodiesel as a fuel and 

Al2O3 is used as an additive Nano fluid is studied. 

II. EQUIPMENTS AND METHODS 

A. Equipment’s Used: 

For the esterification, Trans esterification & post processing process a few equipment’s (or) apparatus are used.  

 For the esterification & Trans esterification process the apparatus used are, 
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1) Conical flask 

2) Round bottom flask 

3) Water bath 

4) Separation flask 

5) Thermometer 

1) Conical flask: 

The jatropha oil is taken in the measuring flask (i.e.) conical flask. It is also used for measuring the bio fuel which is obtained 

after the Trans esterification process. 

Thus it helps to know the amount of jatropha oil used, as well as amount of bio fuel obtained. 

2) Round bottomflask: 

For the proper mixing of methanol, base catalyst (KOH), & preheated jatropha oil the round bottom flask is used. 

It is agitated to about 400 rpm and heated in a water bath. 

3) Water bath: 

Water bath is where the heating process is done to separate the waste as well as the glycerol in the jatropha oil in order to get 

the biofuel.  

In the esterification process the methanol, conc.sulphuric acid along with 120 ml jatropha oil in the round bottom 

flask which is heated in the water bath to remove the waste (i.e.) fatty acids. 

In the Trans esterification process the esterified jatropha oil is taken in the round bottom flask along with 60 ml 

methanol & 0.5 gm. KOH and heated in the water bath in order to remove the glycerol. 

 
Fig. 1: Water bath 

4) Separation funnel: 

The Trans esterified oil is poured in the separation funnel to settle the glycerol at the bottom. Then after the settling it is 

removed by opening the knob. Thus the glycerol is completely removed. 

It is also used for cleaning the oil using boiling water in order to remove the remaining KOH. It is done till the bottom layer 

becomes clear. 

5) Thermometer:  

In order to keep the process in stable temperature thermometer is used. This helps to know the temperature at which the 

glycerol gets separated. 

 For the post processing the equipment used is, 

1) Ultrasonicator 

Ultrasonicator is used for blending process of Nanoparticles. The ultrasonicaton is a best method for Nano blend for uniform 

suspension. Here one liter of B20 biodiesel and 25ppm of Al2O3 nanoparticles are mixed in an ultrasonicator for 30min. 

B. Methodology: 

1) Preparation of Biodiesel: 

The extracted jatropha oil about 10 litres is brought from KGN exports located in Singanallur, Coimbatore. The oil is then 

purified using filter to remove the impurities in it. The viscosity of the oil is higher than that of the biodiesel standards. Use of 

high viscous oil leads to improper combustion. Hence, Trans esterification is done to reduce the viscosity. It is carried out by 

two methods. 

 Pre-esterification process 

 Trans esterification process 

a) Pre-Esterification Process: 

The pre-esterification process is done to remove the waste in the oil. It is carried out by following procedures, 

1) The extracted Jatropha Oil is preheated to 65°C. 

2) Then120 ml of preheated Jatropha oil is taken and measured by using a measuring cylinder and it is poured into a 

round bottom flask. 

3) It is then stirred well with 1.8ml of conc. Sulphuric acid along with 60 ml of methanol in a round bottom flask. 

4) After that it is heated at a temperature of 60°C and agitated at 400 rpm for 2.5 hrs. 

5) After 2.5hrs, the mixture is heated to 85°C for 20 minutes to remove excess methanol and impurities. 

6) The waste will be settled at the bottom of the flask. 

7) The waste is then drained off & the remaining oil is transferred to a separating funnel for further separation and kept 

undisturbed for 2 hours. 

8) Take some amount of oil in a beaker to check the acid value. 
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9) If FFA content is less than 3.0, the next step can be continued.  

 
Fig. 2: Pre esterification process 

b) Transesterification Process: 

Trans esterification process of exchanging the organic group “R” of an ester with the organic group “R” of an alcohol. These 

reactions are often catalysed by the addition of an acid and base and an alcohol in the presence of a catalyst. Trans 

esterification is basically a chronological reaction. Triglycerides are first reduced to diglycerides. The diglycerides are 

subsequently reduced to monoglycerides. The monoglycerides are finally reduced to fatty acid ester. The process is carried 

out the following procedure, 

1) The esterified oil is preheated to 65°C. 

2) Take 0.5gm of KOH and powder the pellets and transfer it to a flask. 

3) Add 60ml of methanol to it and stir well until KOH completely dissolves. 

4) Take 120 - 130ml of preheated Jatropha oil and measure it using measuring cylinder and poured into a round bottom 

flask. 

5) Keep the temperature at 60°C and agitate at 400 rpm for 3 hrs. 

6) After 3hrs, the mixture is heated to 85°C for 20 minutes to remove excess methanol and impurities. 

7) Then transfer the contents to a separating funnel for further separation and kept undisturbed for 30 minutes. 

8) Then add boiling distilled water to it and allow it to stand for 15 minutes until a clear separation takes place. 

9) Likewise add boiling distilled water for several times until clear water (lower layer) occurs. (This is to remove 

glycerol and water). 

10) After removing lower layer, add 3-4 gms of sodium sulphate to remove excess water present in a reaction mixture. 

11) Store the product in a closed air tight container. 

C. Removal of Glycerol: 

 
Fig. 3: Removal of glycerol 

 

 

 

 

 

 

 

 

Fig.3. Removal of glycerol 
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1) Preparation of Nano Blend: 

Here in post processing the addition of Nano fluid is done in order to increase the combustion rate, so as to reduce the 

emission particles. Addition of Nano particles have more reactive surface allowing them to act as more efficient chemical 

catalyst, thereby increasing the combustion. Moreover the presence of the Nano particles increases fuel-air mixing in the 

combustion chamber, which leads to more complete burning. 

Aluminium oxide is used as Nano fluid, which is blended along with biodiesel (Trans esterified oil + diesel). One 

litre of B20 biodiesel and 25ppm of Al2O3 nanoparticles are mixed for 30min.Same procedure is followed to prepare the 

sample of with 50 ppm. 

III. EXPERIMENTAL SETUP  

The experimental setup consists of single cylinder, four strokes, water cooled, naturally aspirated direct injection diesel 

engine connected to a eddy current type dynamometer for loading. The engine setup is provided with necessary instruments 

for measuring the combustion pressure, fuel line pressure and crank-angle measurements.  

These signals are interfaced with computer for pressure crank-angle diagrams. Instruments are provided with 

interface to measure airflow, fuel flow, temperatures and load measurements.  The setup has stand-alone panel box consisting 

of air box, manometer, fuel measuring unit, transmitters for air and fuel flow measurements, process indicator and hardware 

interface. Lab view based Engine Performance Analysis software package “Engine soft” is provided for on line performance 

evaluation of the engine.  A standard burette and a digital stop watch are also provided to measure fuel flow manually.  

The exhaust emissions such as carbon mono oxide CO, carbon di oxide CO2, nitric oxides NOx, hydro carbon HC 

are measured through using AVLDigas 444 five gas analyzer. 

Make Kirloskar AVL model 

Type Computerized VCR single cylinder four stroke engine (MULTI FUEL). 

Number of cylinder One 

Speed 1500 rpm 

Power output 3.7 kw 

Bore 87.5mm 

Stroke Length 110mm 

Compression ratio 12:1 to 18:1 

Table 1: Engine Specification 

IV. RESULT AND DISCUSSION 

It has been observed that the operation of the engine was very smooth throughout the rated load, without operational problem. 

The performance and emission characteristics of the engine fuelled with Aluminium oxide nano particles blended fuel blends 

were discussed and compared with the neat diesel fuel. 

A. Engine Performance Parameters  

1) Brake Thermal Efficiency  

Fig. 4 shows the Brake Power vs. brake thermal efficiency.  The result shows that all the blends of Al2O3show higher value 

of BTE than diesel, even though the higher percentage of Al2O3 shows improvement in BTE. The reason may be the 

aluminium oxide nanoparticles present in the blend promote longer and more complete combustion and also act an oxygen 

buffer, thus increasing the efficiency [12]. The maximum brake thermal efficiency obtained for B20 with the addition of 

75ppm of aluminiumoxide nanoparticles as 24.95% at full load.    

 
Fig. 4: Brake power Vs. Brake thermal efficiency 
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2) Brake specific fuel consumption  

Fig. 5 shows the brake specific fuel consumption with brake power with different dosing level of biodiesel with blended 

Al2O3 nanoparticles. The brake specific fuel consumption of nanoparticles is lower in B20Al2O375ppm when compared 

with the different dosing level. The lowest brake specific fuel consumption is obtained as 0.392619376 kg/kw-hr for 75ppm 

nanoparticles added with B20. The addition of aluminium oxide nanoparticles which improves the combustion process. 

 
Fig. 5: Brake power vs. SFC 

B. Emission Parameters  

1) Oxides of Nitrogen  

Fig. 6 shows the emission of NOx vs. BP. The all values of nano blended biodiesel show a higher value than that of diesel. As 

the nanoparticles plays a major role in combustion which in turns increases in cylinder temperature the formation of NOx 

[20]. The NOx emissions for B20 Al2O3 25ppm, B20Al2O3 50ppm, B20Al2O3 75ppm were 6.78, 6.98 and 7.5 respectively.  

 
Fig. 6: Brake power Vs NOx 

 

2) Carbon monoxide  

The Fig. 7 shows the emission of CO Vs BP. The presence of oxygen in nanoparticles leads to better combustion there by 

reduction in carbon monoxide is recorded. Carbon monoxide emission for B20Al2O3 25ppm, B20 Al2O3 50ppm, B20 

Al2O3 75ppm were 5.5, 5 and 4.565 respectively.   
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Fig. 7: Brake power Vs CO 

3) Hydrocarbon  

Fig. 8 shows the emission of HC Vs BP. By adding of nanoparticles the oxygen level in the biodiesel tends to increases. 

Better combustion leads to less formation of HC [17]. HC emission for B20 Al2O3 25ppm, B20 Al2O3 50ppm, B20 Al2O3 

75ppm were 0.17, 0.14 and 0.126 respectively. 

 
Fig. 8: Brake power Vs Hydrocarbon 

V. CONCLUSIONS 

The performance and emission characteristics of DI diesel engine with diesel-blended biodiesel with the addition of 

aluminium oxide nanoparticles were investigated. The following conclusion were drawn the experimental result, 

 The brake thermal efficiency was increased in B50-Al2O3(50ppm)  

 The CO emission decreases by addition of B50-Al2O3 (50ppm).  

 The HC emission level was decreased at B50-Al2O3 (50ppm). 

 The NOx emission is lower for the diesel than the addition of B50-Al2O3  (50ppm). By addition of Al2O3 slightly 

increased compared with diesel.  

The overall performance and emission characteristics were clearly obtained that the addition of aluminium oxide 

nanoparticles (Al2O3) is efficient in improving the properties of biodiesel blend. 
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