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Abstract— The environmental awareness and exhaustion of 

resources are driving forces behind the development of 

alternative fuels from renewable raw material resources that 

are certainly more acceptable. Vegetable oil is the main 

probable alternative fuel. The most dangerous properties of 

vegetable oils are its low volatility and high viscosity, 

because of these reason there are numerous problems during 

their long period usage in CI engines. The most frequently 

used technique to make vegetable oil fit for use in CI engines 

is to convert it into biodiesel, i.e. vegetable oil esters using 

method of transesterification. Sesame oil is a non-edible 

vegetable oil, which is existing in huge quantities in different 

states of India, and very little research has been done to use 

this oil as the replacement for the Diesel. In the present 

research work has been investigated the transesterification 

process for biodiesel production of Sesame oil. Optimum 

conditions for transesterification of Sesame oil with methanol 

and KOH as catalyst were found to be 60 °C reaction 

temperature, 1 h reaction time, 1:4 molar ratio of sesame oil 

to methanol and 0.40% catalyst (w/w). Sesame oil methyl 

ester thus produced was characterized to find its suitability to 

be used as a fuel in CI engines. Results indicated that 

biodiesel obtained under the optimum conditions has 

comparable properties to substitute the Diesel; hence, Sesame 

oil methyl ester biodiesel could be recommended as a mineral 

Diesel fuel substitute for compression ignition (CI) engines 

in agriculture sector as well as in the transportation. 

Key words: Sesame oil; Kinetics; Biodiesel; 

Transesterification; Process optimization; Fuel 

characterization 

I. INTRODUCTION 

Increase in petroleum prices demand the study of biodiesel 

production. Diesel fuels play an important role in the 

industrial economy of India. Due to increased energy demand 

in the industrial world and common use of fossil fuels is 

leading to fast depletion of fossil fuel resources.  The world 

petroleum reserves are so unevenly distributed that many 

regions have to depend on others for their fuel requirements. 

The some alternative fuel options researched for diesel are 

generally different vegetable oils, biogas producer gas and 

methanol, ethanol. Out of this sesame oil is one of the capable 

alternate fuels for diesel engine. Sesame oil is a non-

conventional, non-toxic, inexpensive and low–grade 

vegetable oil can be produced locally from agriculture and 

plant resources. Their consumption is not related with 

adverse effects on the environment because they produce less 

harmful emissions and greenhouse gases. The most abundant 

fatty acid composition of sesame oil is palmitic 11.0%, 

Stearic acid 7 %, Oleic acid 43%, Linoleic acid 35%, which 

together comprised about 96% of the total fatty acids. 

II. TRANSESTERIFICATION OF SESAME OIL 

Transesterification is the reaction of triglyceride (fat/oil) with 

an alcohol in the existence of acidic, alkaline or lipase as a 

catalyst to form monoalkyl ester that is biodiesel and 

glycerol. The existence of strong acid or base accelerates the 

reaction. The main aim of Transesterification is to reduce the 

high viscosity of oil which is suitable for Compression 

Ignition engine. Biodiesel produced from sesame oil by base 

catalyzed transesterification reaction. In this study Methanol 

is taken as alcohol and potassium hydroxide is the base 

catalyst. The chemical reaction of the reaction is, 

 
Fig. 1: Transesterification Reaction 

With vital stirring reaction was carried out at 60° C 

temperature and atmospheric pressure under reflux for 90 

minutes. Typically 100 gm of oil sample were placed in a 

two-necked 500 mL round bottom flask equipped with reflux 

condenser. The flask was immersed in an oil bath with a 

temperature controller and magnetic stirrer. Potassium 

hydroxide pellets (1.5 wt % of oil) was dissolved in required 

amount of methanol. Methanol was used as 4:1 molar ratio to 

the oil. The solution of Potassium methoxide was transferred 

into reaction flask.  

After the reaction period, the reaction product was 

allowed to stand 12-14 hour in a separatory funnel. Three 

separate layers were observed. Upper layer was excess 

methanol, middle layer was methyl ester (Biodiesel) and 

lower layer were a mixture of soap, crude glycerine and lye 

catalyst. The Biodiesel layer was separated and this layer was 

opaque as it contained some catalyst, methanol, triglyceride 

and soap. For purification of  biodiesel  a bubble washing 

method was used. The effect of different oil to methanol 

molar ratio and catalyst concentration was observed.  

 
         Fig. 2: Gravity separating in a separating funnel 
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Fig. 3: Sesame methyl ester after water wash 

III. CHARACTERIZATION OF SESAME OIL 

The properties of sesame raw oil, such as the specific gravity, 

Kinematic viscosity, FFA content, moisture content, 

saponification value, iodine value was measured by the 

methods was mentioned above and presented in Table 1. 

Sr.No. Properties Diesel 
Sesame 

Oil 

Biodiesel 

(SOME) 

1 
Specific 

gravity 
0.83 0.88 0.85 

2 

Kinematic 

Viscosity at 

40°C (cSt) 

3.72 52.5 4.72 

3 
Fire point 

(°C) 
64.00 360 176.00 

4 
Calorific 

value (kJ/kg) 

42500. 

00 
39480.00 38480.00 

5 
Flash point 

(°C) 
62.00 345 142.00 

6 Cetane No 48.00 36.00 42.00 

7 
Oxygen 

Content 
- 11.60% 11.60% 

Table 1: Properties of diesel oil, sesame oil and the methyl 

ester 

Property 

Sunflower 

Methyl 

ester 

Soybean 

methyl 

ester 

Peanut 

methyl 

ester 

Rape 

methyl 

ester 

Palm 

methyl 

ester 

Mahua 

methyl 

ester 

Jatropha 

methyl 

ester 

Karanja 

methyl 

ester 

Present 

Research 

SOME 

Density, 

kg/ 𝑚3 
0.880 0.884 0.883 0.893 0.880 0.880 0.880 0.876 0.913 

Viscosity, 

cSt (40° C) 
4.2 4.08 4.9 4.8 5.7 3.98 4.84 9.6 4.72 

Calorific 

Value 

(MJ/kg) 

40.1 39.8 33.6 40.0 33.5 37 37.2 36.12 38.48 

Flash point 

(°C) 
164 141 176 153 164 208 192 187 142 

Fire Point 

(°C) 
183 171 - - - - - - 176 

Cloud 

Point (°C) 
-3 2 5 -3 13 - - - 18 

Pour point 

(°C) 
-6 -2 - - - 6 6 7 6 

Cetane No. 49 47 54 - 62 - - - 42 

Table 2: Comparison of properties of different biodiesels 

A. Kinematic Viscosity: 

Kinematic viscosity is the resistance to flow of liquid due to 

the internal friction between the liquid and surface. It plays 

an energetic role in the performance of an engine fuel system 

operating through a wide series of temperature. Kinematic 

viscosity affects the injection system. 

 
Fig. 4: Redwood Viscometer 

A Redwood Viscometer No.11 of WISWOO make 

as shown in photo was used for measurement of kinematic 

viscosity of selected fuel samples. The instrument measures 
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thee time of gravity flow in seconds of a fixed volume of the 

fluid (50ml) through specified orifice made in an agate piece  

as per  IS : 1448 [ P : 25 ]. 

B. Relative Density and API Gravity: 

The relative density of the selected fuels at atmospheric 

temperature was determined as per   IS: 1448 [P:32]:1992. 

The empty pyknometers of 10 ml capacity (photo 1) were 

weighed on an Adair Dutt make, MJ 500 series electronic 

balance of range 0 - 500g, having readability of 0.001 gms. 

The pyknometers were then filled with fuel samples and 

weighed. The weights of the empty pyknometers were 

subtracted from the weights of the filled ones to get the 

weight of the fuel samples. 

 
Fig. 5: Pyknometers used for measurement of relative 

density 

The API (American Petroleum Institute) gravity is 

an indicator of heat content and lightness of a fuel was also 

calculated. The higher the API gravity, the lighter is the fuel. 

The following relationships were used to determine the API 

gravity of diesel, Jatropha oil and their blends with diesel. 

 API Gravity = 141.5/ Relative density at 15°C 131.5 

C. Flash and Fire Point:  

Flash point measures the tendency of the sample to form a 

flammability mixture with air under controlled laboratory 

conditions. This is the property that must be considered in 

assessing the overall flammability and hazard of material. 

Flash point can indicate the possible presence of highly 

volatile and flammable material in relatively non-volatile 

material. 

 
Fig. 6: Clevand Apparatus (used for measurement of flash 

and fire point) 

The fire point is an extension of flash point in a way 

that it reflects the condition at which vapour burns 

continuously for five seconds. The fire point is always higher 

than flash point by 5 to 80oC. The flash and fire point of the 

fuel samples was determined as per IS: 1448 [P: 32]. 

IV. CONCLUSION 

 Biodiesel from sesame oil produced by the base 

catalyzed transesterification process.  

 The properties of the sesame oil were analyzed.  

 Determines the optimum condition for the base catalyst 

transesterification.  

 The optimal condition for the transesterification catalyst 

base was 1.5 wt % KOH to the oil as a catalyst, methanol 

/ oil molar ratio of 4:1.  

 The significant change in viscosity and cetane number of 

biodiesel was found.  

 The various properties like density, cloud point 

,viscosity, flash point,  pour point and calorific value is 

comparable to the standard value of sesame oil, sesame 

biodiesel and petroleum diesel.  

 Comparison of properties of different biodiesels with 

present research sesame oil methyl ester.  

 The present investigations suggest that biodiesel from 

sesame seed oil can be successfully used as diesel. 

REFERENCES 

[1] Krawczyk T. Biodiesel – alternative fuel makes inroads 

but hurdle remains. INFORM 1996;7:801–15. 

[2] G.S.Dodos,F.Zannikos and E.lois, Utilization of sesame 

oil for the production of bio-based fuels and lubricants, 

Proceeding of the 3rd International CEMEPE & 

SECOTOX conference,Skiathos, June 19-24, 2011.  

[3] Kaniz Ferdous, M.Rakib Uddin, Biodiesel from Sesame 

oil: Catalyzed Transesterification, International Journal 

of Engineering and Technology 1 (4) pp.420-31, 2012. 

[4] Srivastava A, Prasad R. Triglycerides-based Diesel 

fuels. Renewable Sustainable Energy Rev 2000;4:111–

33. 

[5] Ma F, Hanna MA. Biodiesel production: a review. Biores 

Technol 1999;70:1–15. 

[6] Barnwal BK, Sharma MP. Prospects of biodiesel 

production from vegetable oils in India. Renewable 

Sustainable Energy Rev 2005;9(4):363–78. 

[7] Peterson CL, Auld DL. Technical overview of vegetable 

oil as a transportation fuel, FACT – vol. 12, Solid fuel 

conversion for the transportation sector. ASME 1991. 

[8] Velluguth G. Performance of vegetable oils and their 

monoesters as fuels for Diesel engine. SAE 831358. 

[9] Peterson CL, Wagner GL, Auld DL. Vegetable oil 

substitution for Diesel fuel. Trans ASAE 1983;26:322–

7. 

[10] Agarwal AK. Vegetable oil versus Diesel fuel: 

development and use of biodiesel in a compression 

ignition engine. TIDE 1998;8(3): 191–204. 

[11] Agarwal AK, Das LM. Biodiesel development and 

characterization for use as a fuel in compression ignition 

engine, Transaction of the ASME. J Eng Gas Turbines 

Power 2001;123(April):440–7. 



Biodiesel Development from Sesame Oil: Transesterification and Fuel Characterization 

 (IJSRD/Vol. 4/Issue 05/2016/004) 

 

 All rights reserved by www.ijsrd.com 17 

[12] Scholl KW, Sorenson SC. Combustion of soybean oil 

methyl ester in a direct injection Diesel engine. SAE 

930934. 

[13] Dorado MP, Ballesteros E, Arnal JM, Gomez J, Lopez 

FJ. Exhaust emissions from a Diesel engine fueled with 

transesterified waste olive oil. Fuel 2003;82:1311–3. 

[14] Al-widyan M, Al-shyoukh AO. Experimental evaluation 

of the transesterification of waste palm oil into biodiesel. 

Biores Technol 2002;85:253–6. 

[15] Dr. S.V.Saravanan, L.Suresh, Evalaute & Analysis of 

single cylinder Diesel Engine By Using Sesame oil 

Blends with Diesel, IOSR Journal of Engineering Vol. 

04, Issue 03 (March 2014) Vol.2 pp-38-42.  

[16] Antolin G, Tinaut FV, Briceno Y, Castano C, Perez C, 

Ramirez AI. Optimisation of biodiesel production by 

sunflower oil transesterification. Biores Technol 

2002;83:111–4. 

[17] Altin R, Cetinkaya S, Yucesu HS. The potential of using 

vegetable oil fuels as fuel for Diesel engine. Energy 

Convers Manage 2001;42(5):529–38. 

[18] Anon. A comprehensive analysis of biodiesel impacts on 

exhaust emission, Technical Report of US 

Environmental Protection Agency, EPA 420-P-02-001; 

2002. 


