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ABSTRACT 

 The effects of an antioxidant over the performance and emission characters of diesel engine running on 

biodiesel blends have been experimentally analysed. The aim of the present study is to analyze the effect of L-

ascorbic acid (LA) which is primarily an antioxidant agent on engine performance and emissions. The antioxidant is 

mixed in various concentrations (1%, 2%) with the biodiesel obtained from Annona oil. Blending of Annona Methyl 

ester with Diesel fuel is varied and used in two different blended ratios as A10 (10% AME + 90% Diesel) and A20 

(20% AME + 80% Diesel). Result shows that antioxidant additive mixture (AME+LA) is effective in controlling 

Oxides of Nitrogen (NOX) and Hydro Carbon (HC) emission without doing any engine modification. In this study 

by using Methyl Ester of Annona Oil the NOx emission is reduced by about 6.03% at full load while compared with 

neat diesel fuel. Likewise there is a reduction in Carbon Monoxide (CO) and Hydro Carbon by about 15.38% and 

21.42% at full load condition while compared with neat diesel fuel. 
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INTRODUCTION 

 Diesel engines are commonly used as prime movers in the transportation, industrial and agricultural sectors 

because of their high brake thermal efficiency and reliability. The increasing industrialization and motorization of 

the world has led to a steep rise in the demand of petroleum based fuels. Petroleum based fuels are obtained from 

limited reserves. These finite reserves are highly concentrated in certain regions of the world. Therefore, those 

countries not having these resources are facing energy/foreign exchange crisis, mainly due to the import of crude 

petroleum. Which can be seen at a great extent in our own country (Silambarasan, 2014). 

 Renewable fuels continue to be of interest to achieve a sustainable energy economy and reduce the effects of 

fossil fuel utilization (Thomas, 2014). Use of renewable transportation fuels are expanding, and a national 5% 

renewable fuel has been proposed in recently considered energy, related legislation. Hence, it is necessary to look for 

alternative fuels which can be produced from resources available locally within the country (Varatharajan, 2012). 

The primary renewable transportation fuels are ethanol and fuels derived from animal fats and vegetable oils. In the 

latter case, the fatty acid methyl esters from tranesterified animal fats and vegetable oils ,referred to as biodiesel, can 

provide significant reductions in particulate matter, CO,HC emissions but increase in NOx emissions of 2-4% for 

B20 blends (e.g. a blend of 20vol % biodiesel in diesel fuel) and as much as 10% for B100. The main disadvantage 

of the biodiesel/diesel blends is poor oxidative stability (EIleri, 2012). It is possible to stabilize biodiesel/ diesel 

blends even the fatty components is aged for a period of three months. Biodiesel contains no petroleum but it can be 

blended with petroleum diesel at any level forming biodiesel blends (Varatharajan, 2011).  It can be used in CI engine 

with no major modifications. Biodiesel is safer to use than petroleum diesel. 20% biodiesel blends added with 

antioxidant can be used in diesel engines without any modifications (LM Rizwanul, 2014).This paper shows that 

effect of antioxidant on the oxidation stability of the biodiesel fuel. It is found that addition of antioxidant improves 

the oxidation stability and few effects on the exhaust emission of a diesel engine (Kyunghyun, 2010). 

TEST FUEL 

 Annona oil is obtained from Annona squamosa. It is called as sugar apple and setha palam in tamil commonly. 

Annona squamosa is a small, semi-(or late) deciduous, much branched shrub or small tree. The fruit of Annona 

squamosa has delicious whitish pulp, and is popular in tropical markets. It requires a tropical or subtropical climate 

with summer temperatures from 25 °C (77 °F) to 41 °C (106 °F), and mean winter temperatures above 15 °C (59 °F). 

Raw annona oil is obtained from the seeds after the removal of the pulp over it. The biodiesel fuel used in this study 

was produced from the trans-esterification of raw annona oil. The fuel properties of biodiesel and its blends with 

diesel fuel are shown in Table-1. Ascorbic acid is a naturally occurring organic compound with antioxidant properties. 
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It is a white solid, but impure samples can appear yellowish. It dissolves well in water to give mildly acidic solutions. 

Ascorbic acid is one form of vitamin C. The properties of L-ascorbic acid is shown in table-2. 

Table.1.Fuel Properties. 

Properties Diesel Ame 

Density @ 15
 

C in gm/cc 0.840 0.880 

Kinematic viscosity in cst at 40
0 
C 3.1 6.4 

Flash point (C) 56 76 

Fire Point (C) 64 92 

Calorific value (kJ/kg) 42390 39575 

Cetane Number 45 to 55 52 

 

Table.2.L-Ascorbic acid Properties 

Molecular formula C6H8O6 

Boiling Point 553°C 

Molecular weight 176.13 

Melting point 190–192°C 

Density 1.69 g/cm3 

Molar mass 176.12 g mol−1 

Solubility Soluble in Water 

Appearance White or light yellow solid 

Trans-esterification: Trans-esterification is a process of using methanol (CH3OH) in the presence of a catalyst, such 

as potassium hydroxide (KOH), to chemically break the molecule of vegetable oil into an ester and glycerol. This 

process is a reaction of the oil with an alcohol to remove the glycerin, which is a by-product of biodiesel production. 

The amount of KOH needed as catalyst for every liter of raw annona oil is 12g. 

EXPERIMENTAL SETUP 

The setup consists of single cylinder, four stroke, Diesel engine which produces power of about 3.5KW @ 

1500rpm connected to Eddy current dynamometer for engine loading. The AVL 437 Smoke meter is used to 

determine the smoke density of the engine exhaust, which works over a range of 0 to 100 HSU. Exhaust gas analyser 

is used to find measure the amount of exhaust gas produced during the combustion process. 

RESULTS AND DISCUSSION 

PERFORMANCE CHARACTERISTICS 

Brake Thermal Efficiency: Figure-1 shows the variation of Brake Thermal Efficiency (BTE) with Brake Power 

(BP). It can be seen that BTE for all blends of biodiesel is lesser than that of diesel, likewise increase in antioxidant 

further reduces BTE about 4.33% lesser than diesel. Lower the calorific value exhibits lesser BTE. 

Brake Specific Fuel Consumption: Figure-2 shows the brake specific fuel consumption variation (BSFC) with 

effect of BP. It is noticed that BSFC increases about 5.69% with increase in biodiesel and additive percentage in the 

blends, this is due the lower calorific value of Annona Methy Ester. 

EMISSION CHARACTERISTICS 

Unburnt hydrocarbon emission: Figure-3 shows the unburned hydrocarbon (HC) emission with BP. It is seen that 

HC emission is reduced with increase in biodiesel percentage at the same time HC increases with increase in additive 

percentage, since antioxidant prevents the fuel molecules to get oxidized completely. HC emission is lowered by 

21.42% for biodiesel with additive fuel than neat diesel fuel. 

Carbon monoxide emission: Figure-4 shows the variation of Carbon monoxide (CO) emission with BP. It shows 

that CO emission is lesser with increase in biodiesel percentage and CO increases with additive percentage. 15.38% 

reduction in CO emission is obtained using biodiesel blends. Since more O2 biodiesel promotes fuel oxidization 

whereas antioxidant prevents it.  
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Oxides of nitrogen: Figure-5 shows the variation of oxides of nitrogen (NOx) emission with BP. It is seen that NOx 

emission increases with increase in load and biodiesel percentage whereas unlike other cases it is reduced with 

increase in antioxidant percentage. Since antioxidant prevents completely oxidization heat release is reduced and 

hence NOx formation is minimized about 6.03% than diesel fuel. 

Smoke emission:  Figure-6 shows the emission of smoke with BP. As the fig shows, smoke increases with increase 

in load and antioxidant content and decreases with increase in biodiesel content in the blend to about 3.48%. Since 

biodiesel promotes more combustion process the amount of partially burned molecules is reduced and in turn reduces 

smoke emissions. 

   
Fig.1.BTE vs BP Fig.2.BSFC vs BP Fig.3.HC vs BP 

   

Fig.4.CO vs BP Fig.5.NOx vs BP Fig.6.SMOKE vs BP 

    

CONCLUSION 

1. The A10+LA2 (10% AME + 2% ADDITIVE + 88% DIESEL) is concluded as the best blend. 

2. HC emission is reduced by 21.42% than conventional Diesel at full load. 

3. Addition of additive tends to increase CO compared to A100 which is less than diesel at full load. 

4. NOx is reduced by 6.03% (while using the best blend) than diesel fuel. 

5. Smoke tends to increase with increase in Additive and decrease in biodiesel percentage. 

6. The best blend does show slight increase in BSFC and slight reduction in BTE. 
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