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ABSTRACT: Fuel properties such as specific 

gravity, viscosity, gross calorific value, flash and 

fire point of Cotton seed oil methyl ester and its 

blends with conventional diesel oil in the 

proportions of 20:80 (B20), 40:60 (B40), and 60:40 

(B60), 80:20 (B80) have been studied. It was found 

that the fuel properties were found to deviate more 

from those of diesel oil with the increasing in the 

percentage of methyl ester in the blend. It was also 

found that the properties of blend of B20 were 

found very close to those of conventional diesel oil. 

An attempt has also made to study the fuel  

properties  of  Cotton seed oil methyl ester blends  

with  domestic kerosene oil and conventional diesel 

oil in the  proportions (Methyl ester : Conventional 

diesel : Kerosene) of 20:75:5 (B20K5),40:50:10 

(B40K10),60:25:15(B60K15),and80:0:20(B80K20) 

KEYWORDS: Cotton seedoil methyl ester, 

conventional diesel oil, Cotton seed oil, 

transesterification,  specific gravity, Heating value,  

 

I. INTRODUCTION  
The energy play vital role in overall 

development of any country. Increase in population 

and economic growth in developing country like 

India has led huge increase in energy demand. 

India stands 4
th

 position in consumer of primary 

energy at 24.7 quadrillion British thermal unit 

(BTU) s following China, United States and 

Russia. Despite notable fossil fuel resources India 

is increasingly dependent on energy imports. India 

is the third largest importer of oil followed by 

United states, China .in last four years import 

volume raised from 240 billion litres to 278 billion 

litres [1]. The highly fluctuating price of crude oil 

in international market gave negative impact on 

economy of oil importing nations like India[2]. 

There are many alternatives to energy sources, such 

as wind, solar, geothermal and biomass. Few of 

these meet the sustainability and few others satisfy 

the economic feasibility. But best option full filling 

the both the criteria is bio fuel obtained from the 

readily available biomass [3][4][5].Among the 

different available Biofuels biodiesel got more 

attention because of its similarity with conventional 

diesel with chemical structure, energy content.Neat 

vegetable oils cannot be used in IC engines due to 

high viscosity, this problems is associated with 

presenceof large triglyceride molecules[6].Dilution, 

micro emulsion, pyrolysis and transesterification 

are the  methods available to reduce the viscosity of 

neat vegetable oils and among these the 

transesterification is most popular because it is 

simple and value added glycerol is obtained as by 

product which has commercial value.The current 

standards for regulating the quality of biodiesel on 

the market are based on a variety of factors which 

vary from region to region[7].  

In this section characteristic fuel 

properties such as density, specific gravity, 

viscosity, flash point, and heating values of cotton 

seed oil, cotton seed oil methyl ester, B20K5, 

B40K10, B60K15,B80K20 were determined 

experimentally and compared with diesel and 

kerosene oil. 

 

Table 1 shows the fuel properties of cotton seed 

oil, cotton seed oil methyl ester (B100), diesel oil, 

B20K5, B40K10, B60K15,B80K20, and kerosene. 

Table1 also indicates that density, viscosity, 

specific gravity and flash point of cotton seed oil is 

greater than Cotton seed oil methyl ester and diesel 

oil. 

 

 

 



 

 

International Journal of Advances in Engineering and Management (IJAEM) 

Volume 2, Issue 5, pp: 647-653        www.ijaem.net                 ISSN: 2395-5252 

 

 

 

 

DOI: 10.35629/5252-0205647653      | Impact Factor value 7.429   | ISO 9001: 2008 Certified Journal   Page 648 

Table 1 Properties of cotton seed oil, cotton seed oil methyl ester Diesel oil and kerosene blend (B20K5, 

B40K10, B60K15, B80K20) 

Propert

y 

Cotton 

seed oil Diesel B20K5 B40K10 B60K15 B80K20 B100 

Kerose

ne 

Density 

in kg/m
3
 890 816 816.5 817.0 817.5 818 820 810 

Specific 

gravity 0.890 0.816 0.816 0.817 0.817 0.818 0.820 0.810 

Viscosit

y at 

40
0
C in 

cSt 9.5 4.3 4.181 4.062 3.943 3.943 4.5 1.12 

Flash 

point in 
0
C 200 53 77.35 101.7 126.05 150.4 175 52 

Pour 

point in 
0
C -6 -8 -9.95 -11.9  -13.85 -15.8 -7 -51 

Heating 

value 

MJ/kg 40 45.7 45.025 44.35 43.67 423 43.0 41.5 

 

Effect of specific gravity- 
The specific gravity of biodiesel varies 

with its fatty acid composition, and its glycerine 

content, A denser biodiesel has higher energy 

content and results in better mileage and increased 

power.The specific gravity of fuels is used as a 

precursor for a number of other fuel properties like 

heating value, viscosity and cetane number. 

Biodiesel fuel is having different properties 

compared to petroleumbased diesel fuel[8]. 

The specific gravity of most of the 

vegetable oils and their methyl esters is higher than 

that of diesel fuel, it is because of presence of large 

molecular mass and chemical structures of 

vegetable oils [9][10].However, it helps in 

countering their low heating values in terms of 

brake specific fuel consumption. The specific 

gravity of a methyl ester is dependingupon its 

molecular weight, free fatty acid content,water 

content and temperature [11]. Specific gravity data 

is essential in modelling combustion process in IC 

engines and also to evaluate thermal efficiency of 

the fuel. Specific gravity is also one of the most 

basic and important property of the fuel because 

some important performance indicators which 

describes combustion quality of the fuel such as 

cetane number and heating value are correlated 

with this[12].The specific gravity is also an 

important parameter during storage and 

transportation of the fuel. The variation of specific 

gravity with temperature for biodiesel has been 

evaluated for some fuels and it is concluded that 

the two important properties like density and 

viscosity of methyl esters varies linearly with 

temperature, taking an examples of studies on the 

densities and viscosities for the methyl esters of 

some n-alkanoic acidsand found that the densities 

of the methyl esters vary linearly with temperature 

for the range of 10 to 80°C[13].The same trend was 

also observed formethyl ester of soybean and 

methyl ester of yellow grease[14]. 

 

Table 1 shows the specific gravity of 

cotton seed oil, B20K5, B40K10, B60K15, 

B80K20 and B100. Cotton seed oil has highest 

specific gravity (0.890) which is reduced to 0.820 

after transesterification. Specific gravity of B20K5 

is very close to that of conventional diesel which is 

1.0006 times higher than conventional diesel oil. 

B100 has specific gravity of 0.820 which is 1.0049 

times higher than the conventional diesel oil. 

Figure 1 indicates that specific gravity value 

increases with the increase in percentage of methyl 

ester in the blend. Specific gravity of biodiesel, 

conventional diesel oil and kerosene blends 

increases with the increase in percentage of 

kerosene and corresponding decrease in 

conventional diesel oil in the given percentage of 

biodiesel. 
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Figure 1 

Specific gravity of cotton seed oil and its blends with conventional diesel and kerosene 

 

Effect of viscosity- Viscosity is a measure of flow 

ability of a liquid at definite temperature, the 

viscosity of a fluid is a measure of its resistance to 

gradual deformation by share stress or tensile 

stress.viscosity is due to friction between 

neighbouring parcels of the fluid that are moving at 

different velocities, when fluid is forced through a 

tube, The fluid generally moves faster near the axis 

and very little near the walls, therefore some stress 

is needed to overcome the friction between layers 

and keep fluid moving for the same velocity 

patterns the stress is proportional to the fluid 

viscosity,the viscosity of the liquid also depends 

upon the size and shape of its particles and 

attraction between the particles.Viscosity is one of 

the most important properties of the fuel as it 

affects the operation of fuel injection equipment, 

particularly at low temperature. If the fuel viscosity 

is extremely high as in the case of vegetable oils 

there will be degradation of the spray in the 

cylinder causing poor atomisation, contamination 

of  lubricating oil and the production of black 

smoke.Viscosity increases with chain length and 

with increasing degree of saturation. This also 

finding holds for the alcohol moiety[15].In case of 

unsaturated fatty compounds the kinematic 

viscosity is strongly dependent upon the nature and 

degree of unsaturation with double bond position 

which is affecting viscosity less. Presence of 

double bond at end position inaliphatic 

hydrocarbons can reduce the viscosity to smaller 

extent.Branching in alcohol will not affect viscosity 

much compared to straight chain alcohols. The 

viscosity of fatty acid compounds is more than that 

of hydrocarbons present in petro diesel. The 

viscosity of straight run vegetable oils or fats 

causes operational problems in engine.The 

viscosity of biodiesel  more than that of petro diesel 

but less than that of the parent vegetable oil or fat 

[16][17] Biodiesel and its blends with petro diesel  

shows that viscosity is temperature  dependent 

property same  to that of neat petro 

diesel[18].Transesterificationreaction monitors the 

difference in viscosity between biodiesel and its 

parent oil or fat[19].Viscosity of fatty esters can be 

used to predict the viscosity of the mixture of fatty 

esters present in biodiesel [22].To determine 

viscosity of neat compound the viscosity 

contribution by mixture and several group is 

estimated[21].  

Table 1 represents the viscosity of cotton 

seed oil, diesel oil, B20K5, B40K10, B60K15, 

B80K20 and B100, kerosene, cotton seed oil is 

possessing highest viscosity (9.5cSt at 40
0
C) which 

is about 2.20 times morethanthat of the 

conventional diesel oil after transesterification 

process viscosity has been decreased from 9.5 cSt 

to 4.5cStwhich is 1.046 times higher than that of 

diesel oil.From Figure 2 it is observed that, B20K5 

has kinematic viscosity of 4.181cSt which is lower 

than conventional diesel oil (4.3cSt) viscosity of 

biodiesel, conventional diesel oil and kerosene 

blends decreases with the increase in percentage of 

kerosene and corresponding decrease in 

conventional diesel oil in the given percentage of 

biodiesel 
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Fig 2 

Viscosity of cotton seed oil and its blends with conventional diesel and kerosene 

 

Effect of flash point 

Flash point is the temperature in which a 

combustible liquid must be heated to give off 

sufficient vapours to form momentarily a 

flammable mixture with air when a small flame is 

brought near the surface of the liquid under 

specified condition.The minimum temperature at 

which anoil gives off sufficient vapour which when 

ignited continues to burn for at least five second is 

known as fire point. Flash point varies inversely 

with volatility of the fuel. The biodiesel is having 

higher flash point which is usually above 

150
0
C[22][23][24].Flash point of the biodiesel 

decreases rapidly with increase in unreacted 

alcohol (residue) increases in the biodiesel.The 

flash point does not affect the combustion directly; 

higher value of flash point makes the fuel safer 

with respect to storage, fuel handling and 

transportation. The flash point and fire point are not 

sufficient as the sole factors to decide fire hazard 

nature of the fuel but they have used to compare 

fire hazard potential of different flammable liquids 

Table 1 shows the flash point of cotton 

seed oil, cotton seed oil methyl ester, diesel oil, 

kerosene, B20K5, B40K10, B60K15 and 

B80K20.Figure 6.15 shows that flash point 

increases with the increase in percentage of methyl 

ester in the blend. From Figure 3 it is observed that, 

biodiesel has higher flash point than conventional 

diesel oil but kerosene has lower flash point than 

conventional diesel oil. B20K5 has flash point of 

77.35
0
C which is higher than conventional diesel 

oil (53
0
C). Flash point of biodiesel, conventional 

diesel oil and kerosene blends increases with the 

increase in percentage of kerosene and 

corresponding decrease in the percentage of 

conventional diesel oil in the given percentage of 

biodiesel. 

 
Figure 3 

Flash points of cotton seed oil and its blends with conventional diesel and kerosene 

 

Effect of heating value 

The heating value or heat of combustion 

represents the quantity of heat liberated when a unit 

quantity of fuel is burnt in presence oxygen in an 

enclosure of constant volume.The product may be 

gaseous CO2,NOx,SO2 and H2O.The heating value 

of a fuel are of two types as higher heating value or 

gross calorific value and lower heating value or net 
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calorific value.The higher heating value (HHV) 

represents the heat removed from fuel combustion 

with the original and generated water in a 

condensed statewhile the lower heating value is 

based upon gaseous water as a product.  

The higher heating values (HHVs) 

included the latent heat of the vaporisation of water 

because the water vapour is allowed to condense to 

liquid water. A low heating value (LHV) is the 

correction to HHV due to moisture in the fuel 

(biomass) or water vapour formed during 

combustion of hydrogen in the fuel. 

The heating value of a fuel can be 

determined experimentally by using  calorimeter, 

which measures the enthalpy change between 

reactants and products. However, the measurement 

is a complex and time-consuming process that 

requires the set-up, measurement and calculation 

procedures. 

The analyses of fuels are necessary for 

their efficient and clean utilization while the HHV 

of fuels determine the quantitative energy content 

of fuels. There exists a variety of correlations for 

predicting HHV from ultimate analysis of fuel 

[25][26]. The presence of oxygen in ester molecule 

decreases the heating value of biodiesel compared 

to diesel.The diesel fuel with higher aromatics 

tends to have higher high energy content per litre 

even though the aromatics have lower heating 

value per kilograms. A fuel with lower energy 

content per litre such as biodiesel will cause the 

engine to produce less peak power.Biodiesel fuels 

do not contain aromatics but they contain methyl 

ester with different levels of saturation,unsaturated 

esters have lower energy content on weight basic 

but because of high density they have more energy 

per unit volume for example methyl state has a 

higher heating value of 40.10MJ/Kg  which is 

0.41% more than the methyl ester of oleate(39.93 

MJ/Kg)However on volume base the  at 40 0C 

methyl state is having 34.07MJ/Kg  which is  0.7%  

less than that of methyl oleate.[27][28] 

Table  1 shows the heating value of cotton 

seed oil, cotton seed oil methyl ester, diesel oil, 

B100, kerosene, B20K5, B40K10, B60K15 and 

B80K20.Figure 6.16shows that heating value 

decreases with the increase in percentage of methyl 

ester in the blend. 

From Figure 4 it is observed that, 

biodiesel, conventional diesel oil and kerosene 

blends have lower heating value than conventional 

diesel oil. B20K5 has heating value of 

45.025MJ/kg which is lower than conventional 

diesel oil (45.7 MJ/kg). Heating value of biodiesel, 

conventional diesel oil and kerosene blends 

decreases with the increase in percentage of 

kerosene and corresponding decrease in 

conventional diesel oil in the given percentage of 

biodiesel. 

 

 
Figure  4 

Heating values of cotton seed oil and its blends with conventional diesel and kerosene 

 

II. CONCLUSION 
From the study it is observed that the fuel 

properties like viscosity, specific gravity, flash 

point and heating values of the biodiesel changes 

with changes with changein percentage of methyl 

esters with diesel and kerosene blends. 

Specific gravity of biodiesel, conventional 

diesel oil and kerosene blends increases with the 

increases in percentage of kerosene and 

corresponding decrease in the conventional diesel 

in the given biodiesel. Kinematic viscosity of 

biodiesel, conventional diesel oil and kerosene 

blends decreases with the increase in percentage of 

kerosene and corresponding decrease in 

conventional diesel oil in the given biodiesel. Flash 

point value increases with the increase in the 
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percentage of methyl ester in the blends. Flash 

point of biodiesel, conventional diesel oil and 

kerosene blends increases with increase in 

percentage of kerosene. Heating values of 

Biodiesel, conventional diesel oil and kerosene 

blend decreases with increase in percentage of 

kerosene and corresponding decrease in 

conventional diesel oil in the given percentage of 

biodiesel. 
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