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Abstract— With the rising concern over greenhouse gases, 

there is escalating emphasis on reducing HC, CO, NOx and 

SOx emissions. The emission in internal combustion 

engines is a serious threat to the environment and due to 

depletion of fossil fuels, researchers are looking for the 

substitute or alternative fuel. In this investigation, 

Calophyllum Inophyllum biodiesel was prepared by two 

step transesterification process. The effect of antioxidant 

additive on the performance and emission characteristics of 

direct injection diesel engine were analysed and compared 

with the results of base fuel. The diesel engine was powered 

with Calophyllum Inophyllum biodiesel-diesel blend. Along 

with it, tert-butylhydroquinone (TBHQ) antioxidant additive 

was added as per ASTM standards. The performance and 

emission characteristics were determined for the above 

biodiesel blend and additive added biodiesel blend. The 

exhaust gas components such as HC, CO and NOx were 

measured. The addition of antioxidant increased BTE and 

reduced BSFC. The addition of antioxidant reduced NOX 

emission, but increased CO and HC compared to CIB20. 

However, the level was below the emission standards. 
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I. INTRODUCTION 

With increasing reliance upon diesel as a fuel for automobile 

engines in our world, it has become a necessity to optimize 

the diesel composition to get the best results. Diesel as a 

single component no longer acts as viable entity to satisfy the 

needs of the growing transportation industry. While 

designing the IC engine, it is important to consider all the 

parameters involved, most important of them all being the 

fuel composition. There is increasing emphasis on reducing 

HC, CO and NOx emissions. The emission in internal 

combustion engines is a serious threat to the environment 

and due to depletion of fossil fuels, researchers are looking 

for the substitute or alternative fuel. 

With an increasing demand for transportation, IC 

engines have gained lot of importance in automobile 

industry. It is therefore essential to create efficient and 

economical engines. While developing an IC engine it is 

required to take in consideration all parameters that affect the 

engines design and performance. There are enormous 

parameters so it becomes difficult to report them while 

designing an engine. So it becomes compulsory to conduct 

tests on the engine and determine the actions to be taken to 

improve the engines performance. 

The calophyllum inophyllum oil is bluish-yellow to 

dark green viscous, known as domba oil, or pinnai oil, or 

dilo oil. It has a unpleasant taste or odour, as it contains 

some resinous material that can easily be removed 

by refining. The greenish yellow oil obtained from the 

Calophyllum seeds was used as alternative to candlenut oil 

in lamps. Oil contains benzoic and oxi-benzoic acids. Small 

amount of vitamin F and phosphor-aminolipids come along 

with glycerides and saturated fatty acids. The plant contains 

free fatty acids, glycerides and steroids (canophyllal, 

canophyllol, Canoophyllic acids). The concentration of 

resinous substances in the oil varies from 10 to 30%.The 

main compounds of the seed oil are oleic, linoleic, stearic 

and palmitic acid.  

Tert-butylhydroquinone (TBHQ) is 

an aromatic organic compound which is a type of phenol. It 

is a derivative of hydroquinone, substituted with a tert-

butyl group. Its chemical formula is C10H14O2. TBHQ is a 

highly effective antioxidant. It is used in industries as 

a stabilizer to slow down auto polymerization of organic 

peroxides. It is also used as a corrosion inhibitor in 

biodiesel. In foods, it is used as a preservative for 

unsaturated vegetable oils and many edible animal fats. It 

does not cause decoloration even in the presence of iron, and 

does not change flavour or odour of the material to which it 

is added. Its primary advantage is extending storage life. 

Ramesh K et al [10], studied the various phases of 

biodiesel production from Calophyllum Inophyllum seeds 

by base catalysed transesterification process. Ramesh K and 

Sakthivel R [11] investigated the effects of additives on the 

performance and emission characteristics of DI-diesel 

engine powered with Calophyllum Inophyllum biodiesel 

blend and showed that addition of additives reduced 

emission compared to diesel. Rahul Krishnaji Bawane et al 

[9], studied the operating characteristics of the variable 

compression ratio (VCR) engine run by chosen esterifies 

oils, and the results are compared with esterifies 

Calophyllum Inophyllum Linn (honne) oil. Nilima Baliram 

Gadge et al, obtained the operating characteristics of the 

variable compression ratio (VCR) engine run on biodiesel 

made from calophyllum Inophyllum oil, at various 

compression ratio, and the results were compared with 

diesel. Atabani.A.E et al, studied the physical and chemical 

properties of Croton megalocarpus, Calophyllum 

Inophyllum and coconut methyl esters (CMME, CIME and 

COME) together with their 10 and 20% blends by volume 

(B10 and B20). Hwai Chyuan Ong, H.H. Masjuki, et al, 

studied the engine performance and emissions using 

Jatropha curcas, Ceiba pentandra and Calophyllum 

inophyllum biodiesel in a CI diesel engine and concluded 

that 10% blends produce the best engine performance and 

can reduce exhaust emissions, except NOx, compared to 

diesel fuel. At concentrations above 10%, there was increase 

in SFC and reduced brake power. [2] Erol Ileri and Gunnur 

Kocar investigated the effects of antioxidant additives on 

engine performance and exhaust emissions of a diesel 

engine fuelled with canola oil methyl ester–diesel blend and 
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concluded that brake specific fuel consumption of biodiesel 

diesel blend with antioxidants reduced with reduction in 

NOx, but formation of carbon monoxide (CO) emissions has 

been increased. Rahul Krishnaji Bawane et al, analysed the 

emission characteristics of Calophyllum Inophyllum Linn 

(Honne) oil as an alternate fuel in CI engine and inferred 

that biodiesel obtained from Calohyllum Inophyllum Linn 

(hone) oil is a promising alternate fuel for direct-injection 

four stroke VCR engine and the engine performance is 

improved with significant reduction in emissions. Rizwanul 

Fattah I M et al, experimentally investigated the 

performance and regulated emissions of a diesel engine with 

Calophyllum Inophyllum biodiesel blends accompanied by 

oxidation inhibitors and showed that addition of oxidation 

inhibitors reduced NOx emission, but increased both CO 

and HC emission. Kyunghyun Ryu investigated the 

characteristics of performance and exhaust emissions of a 

diesel engine using a biodiesel with antioxidants and 

showed that The BSFC of biodiesel fuel with antioxidants 

decreased more than that of biodiesel fuel without 

antioxidants. Erol Ileri et al, experimentally investigated the 

effect of antioxidant additives on NOx emissions of a diesel 

engine using biodiesel and concluded that antioxidants are 

hopeful additives for improving oxidation stability and 

decreasing NOx emissions of biodiesel. 

II. MATERIALS AND METHODS 

A. Preparation of Biodiesel 

In this work, base catalysed transesterification process is 

adopted to prepare the biodiesel. Calophyllum oil contains 

19.58% free fatty acids. The methyl ester is produced by 

chemically reacting Calophyllum Inophyllum oil with an 

alcohol (methyl), in the presence of catalyst. The 

Calophyllum Inophyllum methyl ester was washed with 

distilled water to remove the entrained impurities and 

glycerin. One litre of Calophyllum Inophyllum oil was 

poured into the glass beaker and placed on heater for heating 

and heated above 100⁰C. Heating was done along with 

stirring by using magnetic stirrer. After heating, the oil is 

cooled to 45⁰C-50⁰C. Any dust or dirt particles present in it 

is removed, by filtering the cooled oil with a neat cloth. A 

two step process is used for the transesterification of 

Calophyllum oil. The first stage (acid catalyzed) of the 

process is to reduce the free fatty acids (FFA) content in 

Calophyllum oil by esterification with methanol (99% pure) 

and acid catalyst sulfuric acid (98% pure) in one hour time 

at 570C in a closed reactor vessel. The Calophyllum oil is 

first heated to 500C then 0.7% (by wt. of oil) sulphuric acid 

is to be added to oil and methyl alcohol about 1:6 molar 

ratio (by molar mass of oil) is added. Methyl alcohol is 

added in excess amount to speed up the reaction. This 

reaction was proceeding with stirring at 650 rpm and 

temperature was controlled at 55-570C for 90 minutes. A 

solution of potassium methoxide was prepared using 0.5 

wt.% sodium hydroxide pellet with 1:6 molar ratio of oil to 

methanol. The solution is then added to prepared acid 

catalyzed oil and the mixture was stirred vigorously for one 

and half hour. The mixture was allowed to settle for 24 

hours in a separating funnel. Thereafter, upper layer 

biodiesel was decanted into a separate beaker while the 

lower layer which comprised glycerol and soap was 

collected from the bottom of separating funnel. The 

Calophyllum Inophyllum methyl ester was washed with 

distilled water to remove the entrained impurities and 

glycerin. In this process, 50% (v/v) of distilled water at 60 
0C was sprayed over the esters and shaken gently. This 

process was repeated several times until the methyl ester 

becomes neutral.  

 
Fig. 1: Calophyllum Inophyllum Biodiesel 

B. Properties of Fuels 

Fuel properties like kinematic viscosity, density, calorific 

value and flash point were determined for the prepared fuel 

blends as per ASTM standards. The properties of pure 

diesel, calophyluum Inophyllum biodiesel, Calophyllum 

Inophyllum biodiesel blend and Calophyllum Inophyllum 

biodiesel blend with antioxidant additive are listed in the 

Table 1.   

Properties Diesel CIB 
D80 + 

CIB20 

D70+CIB20+ 

TBHQ10 

Density kg/m3 834 872 837.4 839.1 

Kinematic 

viscosity at 

400C cSt 

3.19 5.42 3.46 3.51 

Flash point 
0C 

69 139 74 75 

Calorific 

value kJ/kg 
42300 39275 41582 41162 

Table 1: Properties of Fuels 

C. Experimental Setup 

The performance tests were carried out with the help of 

direct injection Diesel engine with eddy current 

dynamometer loading. The performance and emission 

characteristics were determined for two different blends of 

biodiesel and the results were compared with base fuel – 

diesel. The performance and emission test were determined 

for pure diesel, calophyllum inophyllum biodiesel blend and 

calophyllum inophyllum biodiesel blend with an 

antioxidant. The engine specification in which the 

performance characteristics were measured was given below 

Table 2. 

Manufacturer 
Kirloskar oil Engine  

Ltd., India 

Type of Engine Direct Injection Diesel Engine 

Number of Cylinders Single Cylinder 

Number of strokes Four Stroke 

Cooling type Water Cooling 

Engine Speed 1500 rpm 
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Brake Power 3.5 kW @ 1500 rpm 

Bore Diameter 80 mm 

Stroke Length 110 mm 

Type of Loading Eddy Current Dynamometer 

Method of Starting Manual Cranking 

Compression Ratio 16.5 : 1 

Orifice Diameter 0.02 m 

Dynamometer Arm Length 0.185 m 

Table 2: Engine Specification 

III. RESULT AND DISCUSSION 

A. Performance Characteristics 

The performance test was carried out in DI-diesel engine 

fuelled with the various blend proportions of diesel–

biodiesel-additive fuels. The performance parameters such 

as Brake thermal efficiency and Brake Specific fuel 

consumption were examined. These results were compared 

with base fuel-diesel. 

1) Brake Thermal Efficiency 

The load is compared with the brake thermal efficiency and 

the results of base fuel diesel is compared with the different 

biodiesel blends. The blends have more efficiency than the 

base fuel. The effect of addition of various blends on engine 

efficiency was shown in Fig. 2. It was observed that, TBHQ 

blend shows highest brake thermal efficiency at all loading 

conditions due to higher cetane number and higher mass 

flow rate. The BTE is lower for CIB20 due to its lower 

heating value. 

 
Fig. 2: Brake Thermal efficiency 

2) Brake Specific Consumption 

The load is compared with the brake specific fuel 

consumption and the brake specific fuel consumption of 

base fuel diesel is compared with the different blends of 

alternate fuels.  

 
Fig. 3: Brake Specific Fuel Consumption 

The variations in fuel consumption are shown in graph. The 

variation of BSFC with varying proportion of blends was 

shown in Fig. 3. The BSFC for D70+CIB20+TBHQ10 blend 

was found to be lower. The BSFC for D80+CIB20 is higher 

than all additive added blend and pure diesel. The increase 

in BSFC for CIB20 blend was due to lower heating content 

of Calophyllum Inophyllum biodiesel. The decrease in 

BSFC on addition of TBHQ is due to its higher power 

output. 

B. Emissions Characteristics 

The exhaust gas emission test at different loading condition 

for the various blends were examined with the help of 

I3SYS gas analyzer. The smoke meter has the capacity to 

measure five exhaust gas emissions namely CO2, CO, HC, 

NOx and SOx. 

1) Carbon Monoxide 

The graphs are plotted for the emission of CO on the 

different loads of the engine and diesel is compared with the 

different fuel blends and hence it is illustrated. As shown in 

Fig. 4, biodiesel addition will reduce the CO formation. At 

lower loads, because of partial involvement of fuel in 

combustion process less CO emission was observed. It will 

slightly increase with increase in engine load. We can 

observe that biodiesel blends shows reduced CO emission 

due to the combined effect of its high oxygen content and 

higher cetane number. Due to fuel borne oxygen enhances 

the oxidation of unburned CO, thus reducing CO 

significantly. Addition of TBHQ to CIB20 increases the 

unburned CO emission from engine compared to CIB20 

blend due to reduction in amount of free OH radicals. 

However, the level was within emission standards. 

 
Fig. 4: Carbon monoxide emissions 

2) Hydrocarbon 

 
Fig. 5: Hydrocarbon emissions 

The formation of HC emission during combustion process 

under various loads were shown in Fig. 5. At lower loads, 

because of partial involvement of fuel in combustion 

process less HC emission was observed. It will slightly 

increase with increase in engine load. We can observe that 

biodiesel blends shows reduced HC emission due to the 
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combined effect of its high oxygen content and higher 

cetane number. Due to fuel borne oxygen enhances the 

oxidation of unburned HC, thus reducing HC 

significantly. Addition of TBHQ to CIB20 increases the 

unburned HC emission from engine compared to CIB20 

blend due to reduction in amount of free OH radicals. 

However, the level was within emission standards. 

3) Oxides of Nitrogen 

The effect of additives addition with diesel on NOx 

formation during combustion process was shown in Fig. 6. 

The NOx emission increased linearly on increasing the 

load on the engine. As biodiesel is an oxygenated fuel and 

possesses a shorter ignition delay due to higher cetane 

number, biodiesel blends will combust earlier with 

improved combustion efficiency and hence form higher 

NOx compared to diesel. The addition of TBHQ to CIB20 

shows a positive effect of reducing NOx. Phenolic 

hydroxyl groups that occur in the additives interfere the 

prompt NOx mechanism to different extent depending on 

the nature of the feedstock to reduce NOx. 

 
Fig. 6: Oxides of nitrogen emissions 

IV. CONCLUSION 

 In this investigation, Calophyllum Inophyllum 

biodiesel was prepared by two step transesterification 

process.  

 The performance and emission characteristics were 

determined for the diesel engine powered with 

Calophyllum Inophyllum biodiesel blend. Along 

with it, tert-butylhydroquinone (TBHQ) antioxidant 

additive was added as per ASTM standards. The 

performance and emission characteristics were 

determined for additive added blend. 

 The effect of antioxidant additive on the performance 

and emission characteristics of direct injection diesel 

engine were analysed and compared with the results 

of base fuel.  

 The addition of antioxidant increased BTE, increased 

mechanical efficiency and reduced BSFC. The 

addition of antioxidant reduced NOX emission, but 

increased CO and HC compared to Calophyllum 

Inophyllum biodiesel blend. 

 TBHQ blend showed highest brake thermal 

efficiency at all loading conditions. The increase in 

brake thermal efficiency was 8.9% compared to 

diesel. 

 Brake specific fuel consumption of D80+CIB20 

increased by 6.67% compared to diesel. There was 

8.91% reduction in brake specific fuel consumption 

for D70+ CIB20+TBHQ10 blend compared to 

diesel. The increase in BSFC for D80+CIB20 blend 

was due to lower heating content of Calophyllum 

Inophyllum biodiesel. 

 HC and CO emissions of D80+CIB20 decreased by 

7.27% and 11.28% respectively compared to diesel. 

Reduction in emission of HC and CO was due to the 

combined effect of its high oxygen content and 

higher cetane number.  

 NOx emission of D80+CIB20 increased by 2.65%, 

while NOx emission of D70+ CIB20+TBHQ10 

reduced by 4.06% on comparison with diesel.  
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