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ABSTRACT 

 An experimental investigation is carried out to establish the performance, combustion and emission 

characteristics of   Calophyllum Inophyllum (Punnai Seed oil) biodiesel and its doped with cerium oxide (CeO2) 

Nanoparticles blends are presented. The physicochemical properties of the base fuel and the modified fuel formed 

by dispersing the catalyst nanoparticles by ultrasonic agitation are measured using ASTM standard test methods.  

The cerium oxide Nanoparticles act as an oxygen donating catalyst which provides oxygen for the oxidation of 

carbon monoxide and absorbs oxygen for the reduction of nitrogen oxides. Comparisons of the performance of the 

fuel with and without the CERIA are also presented. The effect of CeO2 nanoparticles additives in the 

B100+20ppm CERIA contributes for the green combustion and significantly reduces the harmful exhaust gas 

emissions. Based on the study, modified fuel perform well closer to conventional diesel on the source of 

experimental work.  

INTRODUCTION 

Depletion of petroleum reserves, rising vehicle population, increasing fuel prices, and uncertainties 

concerning petroleum availability, stringent emission standards, and global warming due to carbon dioxide 

emissions, have forced the development of alternate energy sources, which are becoming increasingly important. 

As discussed elsewhere in Prabhakar et al., 2011; Vegetable oils have comparable energy density and cetane 

number as that of mineral diesel. The Fuel Additives are mainly metal–organic compounds which get dispersed 

completely in the diesel fuel. Metal additive is added to biodiesel: (i) to shorten the ignition delay, (ii) as stabilizer 

and anti-oxidant, and (iii) as surfactant. The effect of cerium on the size distribution and composition of diesel 

particulate matter has been studied by Skillas et al., 2000; indicating a reduction in the accumulation mode, but an 

increase in ultrafines. Lahaye et al., 1996; studied the effect of cerium oxide on soot formation and postoxidation 

and observed that the soot yield is not affected significantly by the presence of cerium oxide in the fuel for given 

oxygen content. The experimental investigations were carried out by adding the dosing levels of CERIA 20ppm 

with Calophyllum Inophyllum (Punnai Seed oil) biodiesel. The study of the stability of the nanofluid also has been 

carried out, with the addition of CERIA in the bio diesel, in the present work. 

MATERIALS AND METHODS  

Biodiesel properties 

The properties of the Calophyllum Inophyllum (Punnai Seed oil) biodiesel were experimentally evaluated. Most 

of the properties of bio-fuels like calorific value, viscosity, density, cetane number are compared as shown in table 

1.  

Table 1. Properties of diesel and Calophyllum Inophyllum (Punnai) biodiesel doped with CERIA 

 

  

  

S.No Name of the Properties B100 B 100 + 20ppm Diesel ASTM Code 

1 Kinematic Viscosity @ 40 ºC in cSt 5.8 4.2 2.83 D2217 

2 Gross Calorific Value in kJ/kg 38401 40627 42250 D4809 

3 Specific Gravity @ 15 ºC 0.8794 0.8539 0.8298 D445 

4 Cetane Number 52 52.5 46 - 



National Conference On Recent Trends And Developments In Sustainable Green 

Technologies 
Journal of Chemical and Pharmaceutical Sciences       www.jchps.com                                                    ISSN: 0974-2115 

JCHPS Special Issue 7: 2015                                                           NCRTDSGT 2015 Page 93 

Synthesis of cerium oxide nanoparticles: 

A Teflon-lined stainless steel cylindrical closed chamber with 40 mL capacity was used for the synthesis. Cerium 

nitrate salt was used as cerium precursor and ethylenediamine as the base. The Teflon-lined chamber was filled up 

to 80% of its volume with ethylenediamine and 0.234 g of cerium nitrate was added to the solution. After 15 

minutes of stirring, the closed steel chamber was placed inside a preheated oven for 8 hrs at 180°C. The chamber 

was then allowed to cool down to room temperature. The resulting precipitate was filtered and washed several 

times with water. Finally it was calcined for 12h at 1200C. 

Ce(NO3)3.6H2O + NH2CH2CH2NH2 Ce(OH)3 CeO2 

Experimental procedure:  

The performance and emissions of conventional diesel (B0), Punnai biodiesel (B100) and B100+20ppm CERIA  

were conducted on a computerized, 5.2 kW, single cylinder vertical naturally aspirated four stroke, water cooled, 

Direct injection, constant speed (1500 rpm), Kirloskar TV1 model  diesel engine coupled with an eddy current 

dynamometer. The schematic experimental setup as shown in Figure 1. An AVL 444 DI gas analyzer was used to 

measure the oxides of Nitrogen (NOx), Carbon dioxide (CO2), Carbon monoxide (CO) and unburned hydrocarbon 

(UBHC) emissions. The smoke intensity was measured by an AVL 437 smoke meter. The engine tests were carried 

out from 0% to 100% in a step of 20% load.  

RESULT AND DISCUSSION 

Performance characteristics: 

Brake Thermal Efficiency (BTE): Figure 2 shows the variation of brake thermal efficiency of Calophyllum 

inophyllum biodiesel with and without CERIA compared with diesel. Diesel shows the higher brake thermal 

efficiency on all loads. The brake thermal efficiency for the B100+20ppmm CERIA blend is observed as 25.09%, 

whereas it is 21.61% for the B100 at full load condition 

Brake Specific energy consumption (BSEC): Figure 3 shows the variation of brake specific fuel consumption of 

Calophyllum inophyllum biodiesel with and without CERIA compared with diesel. The lowest specific fuel 

consumption is identified as 0.334 kg/kWh for the fuel B100 + 20ppm CERIA, whereas for the B100 it is 0.399 

kg/kWh at full load condition of the engine. 

COMBUSTION CHARACTERISTICS: 

Figure 4 shows the variation heat release rate of Calophyllum inophyllum biodiesel with and without CERIA 

compared with diesel. The heat release rate increases with the addition of CERIA.  Figure 5 shows the variation of 

Cylinder pressure of Calophyllum inophyllum biodiesel with and without CERIA compared with diesel. The 

cylinder pressure increases with the addition of CERIA.  The addition of CERIA increase the ignition delay, hence 

more fuel is accumulated in the premixed combustion phase is the cause for faster combustion which results in 

higher peak pressure. 

EMISSION CHARACTERISTICS: 

Unburnt hydrocarbon emission: Figure 6 shows the variation of unburnt hydrocarbon of Calophyllum 

inophyllumbiodiesel with and without CERIA compared with diesel. It is found that the oxygen content of the 

B100+20ppm CERIA were high, it leads to reduced hydrocarbon emission by complete combustion. 

Carbon monoxide emission: Figure 7 shows the variation of carbon monoxide of Calophyllum inophyllum 

biodiesel with and without CERIA compared with diesel. Higher oxygen content of the Calophylluminophyllum 

biodiesel with addition of CERIA improved the combustion thus reducing the carbon monoxide emission. 

Oxides of nitrogen: Figure 8 shows the variation of oxides of nitrogen of Calophyllum inophyllum biodiesel with 

and without CERIA compared with diesel. The NOx emissions were found to be decreased by a maximum of 

25.08%, on the addition of CERIA in biodiesel, especially at full load. 

Smoke emission: Figure 9 shows the variation of smoke of Calophylluminophyllum biodiesel with and without 

CERIA compared with diesel. Smoke emissions are attributed to either air–fuel mixtures that are too lean to auto-

ignite or to support a propagating flame, or air–fuel mixtures that are too rich to ignite. 
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Fig.1 Schematic diagram of 

Experimental setup 

Fig.2 Brake thermal efficiency 

against with Brake power 

Fig.3 Specific fuel 

consumption against with 

Brake power 

 
 

 

Fig.4 Heat release rate against 

with crank angle 

Fig.5 Cylinder pressure against 

with crank angle 

 

Fig.6 Hydrocarbon against 

with Brake power 

   

Fig.7 Carbon monoxide against 

with Brake power 

Fig.8 Oxides of Nitrogen against 

with Brake power 

Fig.9 Smoke density against 

with Brake power 

CONCLUSIONS 

In this experimental investigation, performance and emission characteristics of renewable Calophyllum 

inophyllum (Punnai Seed oil) biodiesel with and without CERIA were investigated. The result of the investigation 

was as follows. 

 The brake thermal efficiency for the B100+20ppmm CERIA blend is observed as 25.09%, whereas it is 21.61% 

for the B100 at full load. 

 The heat release rate and cylinder pressure increases with the addition of CERIA. 

 Emissions like carbon monoxide and unburnt hydrocarbon were lower compared to B100 while using CERIA. 

 NOx emissions were reduced up to maximum of 25.08% at full load while using CERIA. 
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 Smoke was higher for the Calophyllum inophyllum biodiesel with and without CERIA compared to 

conventional diesel. 
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