
 
NIPES Journal of Science and Technology Research 2(3) 2020 pp.183 -190 pISSN-2682-5821, eISSN-2682-5821 

183 

 

 
 

Physico-Chemical Characteristics of Biodiesel Produced via Transesterification 

of Commercial Vegetable (Soya Bean) Oil 

 

Osarumwense, J. O1*., Ebo, N1., Omorodion, N. T.2 and Owie, C. I.2 
 1Department of Science Laboratory Technology, University of Benin, Benin City, Nigeria 

 2Health Services Department, University of Benin, Benin City, Nigeria 

*Email: judeosarumwense@uniben.edu, Phone: 08023297060 

 

Article Info  Abstract 

 

Received 04 June 2020 

Revised   07 July 2020 

Accepted 08 July 2020 

Available online 31 August 2020 

 

 
 

The search for alternative and renewable fuels has increased 

globally in recent times owing to the increasing pressure to reduce 

greenhouse gas. In this work, biodiesel was produced from soya bean 

oil via transesterification with methanol in the presence of catalyst 

(sodium hydroxide). The biodiesel was purified adopting the wet 

purification method. The clean biodiesel was characterised by 

determining some physico-chemical parameters such as density, 

flash point, viscosity, free fatty acid (FFA), cloud point, pour point, 

saponification value and cetane number. The results obtained show 

that most of the parameters tested fell within the standard ranges as 

specified by the ASTM. D6751 and EN 14214. The transesterification 

of soya bean oil has significantly reduced the viscosity, acid value 

and flash point of the oil by 66.4%, 71.6% and 55.7% respectively. 

The cetane number was however on the higher range of the standard 

values; this is an indication that the biodiesel has a good fuel ignition 

property. It is therefore ascertained that the biodiesel from soya bean 

oil is a viable alternative to petroleum diesel, since all the quality 

parameters are within the standard values.  
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1. Introduction 

The world, in recent times, has been confronted with increasing environmental problems owing to 

the huge emission of Greenhouse Gas (GHG) released from the continuous combustion of fossil 

fuels.  This has led to the search for alternative fuels, which are environmentally friendly and 

sustainable [1]. Biodiesel is a renewable fuel produced from vegetable oils, and other materials such 

as animal fats, recycled cooking oils etc. The biodiesel manufacturing process combines oils with 

short chain alcohol in the presence of a catalyst to produce Fatty Alkyl Acid Esters (FAAE) which 

is commonly called biodiesel. Edible and non-edible vegetable oils such as rapeseed, canola, soya 

bean, palm, jatropha curcas and waste vegetable oils can be used mostly as the common raw 

materials for the production of biodiesel [2].  In addition to the depletion of petroleum fuels, gas 

flaring in developing countries had resulted to problems like thermal pollution, land pollution and 

the release of hazardous gases to the environmental [3]. The exhaust from automobile has been 

shown as one of the leading sources of greenhouse gas. This has resulted in a various problems such 

as global warming, depletion of ozone layer, rising sea levels, and significant increase in health 

problems as a result of inhalable particles. These worrisome trends gave rise to the development of 

new sources of energy, which are renewable and sustainable, with reduced tendencies for pollution.  

The world is witnessing an unprecedented increase in the interest and demand for biodiesel and 

other fuels derived from renewable biomass. Global biodiesel production was predicted to increase 
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to about 21.8 billion dm3 in the present decade [4]. The European Union was the highest producer 

in the world accounting for more than 70% of the total world production in the last decade, the 

United State of America was at a distance second largest producer closely followed by Brazil, and 

Malaysia running close behind [5]. Currently, biodiesel production efforts in African countries such 

as Nigeria, Tanzania, Kenya and Ghana are still very much at infancy.  This work is therefore 

focused on the preparation and characterization of biodiesel produced from a commercial vegetable 

oil through transesterification reaction resulting in a biodiesel-glycerol mixture. The biodiesel was 

separated from the mixture, purified through wet purification method, and characterised by 

determining the physico-chemical properties as specified by ASTM International and European 

(EN) standards. The properties such as density, viscosity, flash point, cloud and pour point, acid 

value and free fatty acid, saponification value, iodine value, and cetane number were determined. 

Cetane number is a property associated with the burning of a fuel in an engine. The cetane number 

measures the fuel ignition quality of an engine which is actually measured by the delay in ignition. 

Ignition delay is a period of time that lapse between the injection and beginning of fuel combustion. 

Thus, a fuel with a very high cetane number has a short ignition delay and therefore, starts to burn 

immediately it is injected in an engine [6]. 

2. Methodology 

2.1 Collection and Preparation of Materials 

The commercial oil, soya bean oil was obtained from Uselu market in Benin City, Edo State, South-

South Nigeria. The reagents used in this study were of analytical grades, and were obtained from 

Rovet scientific limited, Benin City. The FFA value of the oil was < 0.5%, therefore, pretreatment 

was not done. However, the oil was heated to 60oC for 25 minutes on a Temperature controlled 

Magnetic stirrer (Model TT-791), to remove any trace of water in oil. By so doing, the triglyceride 

hydrolysis will be avoided when mixed with alkali catalyst to avert soap formation [7].  

 

2.2 Production of Biodiesel 

One percent (1%) of sodium hydroxide based on the amount of oil was mixed with a 90.5g of 

methanol to give a 6:1 methanol-to-oil ratio. The mixture of sodium hydroxide and methanol was 

vigorously agitated to give a resulting solution of sodium methoxide (NaOCH3) [7]. The sodium 

methoxide was mixed with 417g of oil and heated to 65oC. The mixture was continually agitated 

for 90 minutes in 1dm3 covered glass reactor on a hot plate magnetic stirrer [8]. At the end of the 

reaction time, the mixture was separated in a separating funnel into two layers (biodiesel and 

glycerol). The crude biodiesel was washed repeatedly with warm water in the separating funnel to 

remove the unreacted methanol, catalyst and other impurities. After the purification process was 

completed, the biodiesel was oven dried at 110°C for about 30 minutes to eliminate the residual 

water and methanol [7, 9]. Finally the dried biodiesel was weighed. The yield was calculated using 

Equation (1). 

 

% 𝑌𝑖𝑒𝑙𝑑 =  
𝑀𝐵

𝑀𝑂
 × 100                                                         (1) 

 

2.3 Charaterisation of Samples 

2.3.1 Determination of density 

A dried and clean 25 cm3 capacity density bottle (𝑉𝐿) was weighed (𝑤0), and filled with the 

sample, stoppered and reweighed (𝑤1). The density of the sample at room temperature (≈30oC) 

was taken as expressed in Equation (2) [10, 11]. 
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𝐷 =   
𝑤1 − 𝑤0

𝑉𝐿
                                                                     (2) 

 

2.3.2 Determination of viscosity 

Digital Brookfield Viscometer (model LVDV-I) was used to carry out the viscosity of the sample. 

A certain amount (20 cm3) of the sample was placed in the sample holder. A standard spindle was 

immersed into the sample; the temperature and speed of the viscometer were set at 40oC and       30 

rev/min respectively. The viscometer was switched on and allowed to rotate for 20 minutes, and 

then the value of viscosity was taken on the displayed screen [12]. 

 

2.3.3 Determination of flash point 

A closed cup Pensky-Martens flash point tester (model K16200) was employed to determine the 

flash point of biodiesel. An aliquot of the sample was put into the sample cup to the marked position. 

The sample cup was immersed into the in-built heater. Thermometer (0-360oC) was then inserted 

into the tester. The flash point tester was switched on. The gas nozzles placed above the cup holding 

the sample were lit up. The flashing was observed at every 10oC rise in temperature. Flash point is 

termed to have happened when a gentle sound explosion occurred; at this point the sample was 

ignited. The temperature at which the explosion occurs was recorded as the flash point [9, 12].  

 

2.3.4 Determination of cloud and pour point 

The apparatus used for the determination of cloud and pour point is known as cloud and pour point 

bath. It consists of test jar inserted in ice chamber. The test jar was filled with the sample, and closed 

tightly. Thermometer was inserted, and placed into the chamber of crushed ice. At regular interval, 

the jar was taken out of the jacket to check for cloud without disturbing the sample. The checking 

was done within the time not exceeding three seconds. The cloud point was recorded when a clear 

amber yellow colour of the sample developed its first haziness. The same procedure was followed 

for the pour point determination. After the cloud point was taken, the checking continues for every 

2°C or 3oC fall in temperature until the biodiesel reaches a stage where it loses the ability to flow. 

Then the temperature was recorded as the pour point [13, 14].   

 

2.3.5 Determination of acid value and free fatty acid (FFA) 

The acid value and FFA of the oil were determined according to equations (3) and (4) respectively 

[15, 16].  

A certain weight of sample (5g) was weighed and placed into a flask. 50 cm3 of a mixture of equal 

volume of diethyl ether and 95% ethanol was added to the flask. The content of the flask was stirred 

gently, and titrated with 0.1N KOH, using some drops of phenolphthalein indicator. Equation (3) 

was used to compute the acid value. 

 

𝐴𝑐𝑖𝑑 𝑣𝑎𝑙𝑢𝑒 =
𝑇 × 𝑁𝐾𝑂𝐻 × 56.1

𝑀
                                                                (3) 

The percentage FFA composition was obtained using Equation (4): 

 

% 𝐹𝐹𝐴 =
𝐴𝑐𝑖𝑑 𝑣𝑎𝑙𝑢𝑒

2
                                                                         (4) 

 

2.3.6 Determination of saponification value 

 One gramme of sample was weighed into a flask; 25 cm3 of ethanoic potassium hydroxide (0.1N) 

was added. The mixture was allowed to gently boil for 60 minutes on a heating mantle. The mixture 

was refluxed using a reflux condenser. Thereafter, the flask was cooled. Some drops of indicator 

(phenolphthalein) was added to the solution, titrated against 0.5 M hydrochloric acid to end point. 
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The same procedure was repeated for the blank (without the sample) [16]. The expression for 

saponification value (SV) is given by: 

 

𝑆𝑉 =
𝑁 × 56.1 × (𝑉𝑜 − 𝑉1)

𝑀
                                              (5) 

 

2.3.7 Determination of iodine value 

A certain mass of sample (0.3g) was weighed into a 200 cm3 flask and stoppered. Cyclohexane (10 

cm3) was added, shaken to dissolve the sample. Using a safety pipette, Wijs reagent (iodine 

monochloride dissolved in acetic acid solution) was added to the flask in fume chamber. The flask 

was swirled vigorously. The solution was left for about 60 minutes in a dark cupboard. 20 cm3 of 

potassium iodide (10%) solution plus l00 cm3 distilled water was added. The content of the flask 

was then titrated with 0.1M sodium thiosulphate solution until the disappearance of the yellow 

colouration. Few drops of starch (1%) indicator were added and the solution turned blue. The 

titration was continued with the sodium thiosulphate in a drop wise manner until blue coloration 

completely disappeared. A similar procedure was carried out without the sample as the blank [10].              

 

The values were obtained as follows: 

 

𝐼𝑜𝑑𝑖𝑛𝑒 𝑣𝑎𝑙𝑢𝑒 =
(𝐵𝑉 − 𝑇𝑉) − (1.003) × 𝐶𝐹

𝑀
                                                  (6) 

 

 

2.3.8 Determination of cetane index (CI) and cetane number (CN) 

 

The CI was computed by the correlation reported by Krisnangkura, 1986 [17], using iodine and 

saponification values of sample already determined. 

 

 

𝐶𝐼 = 46.3 + (5458
𝑆𝑉⁄ ) − 0.25(𝐼𝑉)                                                                 (7) 

 

 where SV is Saponification value; and IV is Iodine value. 

 

The Cetane number (CN) was then obtained from a correlation as given in Equation (8) [18]. 

 

𝐶𝑁 = 𝐶𝐼 − 2.6                                                                                                         (8) 

3. Results and Discussion 

3.1 Physico-chemical properties of soya bean oil 

The physico-chemical properties of soya bean oil were determined and presented in Table 1. The 

results are less than the values obtained from literature. The decreased values may be due to the fact 

that the commercial soya bean oil had been refined. The phosphatide and other suspended impurities 

have been removed during the process of refining [19] 
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Table 1: Properties of soya bean oil 
Parameter Soya bean Value Reported values in literature References 

Density (kgm-3) 893±13 917 [19] 

Viscosity (mm2/s) @ 40oC 12.8±1.8 29.37 [20] 

Acid Value (mgKOH/g) 0.96±0.9 2.72±0.17 [19] 

 

Flash Point (oC) 

 

219±12 

310 [20] 

335 [19] 

Saponification Value (mgKOH/g)  

154±8.3 

166.5±1.5 [21] 

198 [19] 

Iodine Value (g/100g) 119±5.7 120-136 [19] 

FFA (%) 0.48±0.05 1.36±0.08 [19] 

 

3.2 Production of biodiesel 

The production of biodiesel from soya bean oil was achieved in a single run within the 60 minutes 

of operation, and the separation of the biodiesel-glycerol mixture into two phases started almost 

immediately the reaction was stopped. As a result of this success in the production process, 94% 

biodiesel yield was achieved. The high yield was due to the low value of FFA (<0.5) of soya bean 

oil, and the high reactivity nature of sodium hydroxide as the catalyst in transesterification reaction 

[18].  

 

Table 2: Physico-chemical properties of biodiesel 

 

 

 

 

 

Parameter 

Biodiesel 

Values 

Standard values 

ASTM D6751 EN 14214 

Flash Point (oC) 132±4.1 130 (min) 101 (min) 

Cloud Point (oC) 10.4±1.8 -3 to 10 - 

Pour Point (oC) 13.2±2.1 -5 to 15 - 

Saponification Value (mgKOH/g) 142.5±8.6 - - 

Acid Value (mgKOH/g) 0.3±0.6 0.8 (max) 0.5 (max) 

Density @ 30oC  (kgm-3) 877±23.4 - - 

Iodine Value (g/100g) 118±8.7 - 115 (min) 

Cetane number 52.5±3.2 48 – 65 51 (min) 

FFA (%) 0.15±0.04 - - 

Viscosity (mm2/s) @ 40oC 4.30±1.3 1.9 – 6.0 3.5 – 5.0 
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3.3 Physico-chemical characteristics of biodiesel 

The physico-chemical properties analysis was conducted on the produced biodiesel and compared 

with standard values as presented in Table 2. The viscosity obtained in this study was 4.30 mm2/s. 

The result agrees with the standard ranges of ASTM 6751 and EN14214. The viscosity property is 

one of the reasons why transesterification is carried out on vegetable oil to produce biodiesel [22]. 

Figure 1 shows the comparison of the viscosity values for soya bean oil and the soya bean oil-based 

biodiesel. Viscosity is a measure of the resistance of fuel to deformation gradually by shear stress. 

Usually, it is measured as the ratio of the absolute viscosity to the density of fluid known as 

Kinematic viscosity. It has been reported in literature that, lubricity of a fuel is somehow related to 

its viscosity [23]. Fuel with low viscosity do not seems to provide appropriate lubrication to the 

injection pumps; this often leads to increase in wear and seepage in the engine. On the other hand, 

fuel with high viscosity gives incomplete combustion, increased exhaust emissions thereby causing 

choking of the injections, forming droplets of larger diameter on the injector in the engine. [23, 24]. 

The flash point obtained in this study was 132oC. Flash point is the minimum temperature at which 

a fuel must be heated for it to ignite air -vapor mixture. This value is within the ranges specified by 

international standards. The high flash point result indicates that the residual methanol in the crude 

biodiesel was wash out during the purification process. It has been reported that a little quantity of 

methanol reduces the flash point of biodiesel thereby negatively affecting parts of engine [25]. The 

cloud and pour point obtained are 10.4oC and 13.2oC respectively. These are found to fall within 

standard values. The cloud point is the temperature of a liquid at which the smallest observable 

cluster of crystals or haziness first occurs upon cooling [13]. The haziness may be due to the 

separation of waxes at low temperature and as a result, viscosity of the fluid increases and its fluidity 

decreases. While the pour point is the temperature where the liquid becomes semi solid and loses 

its flow properties. The presence of solidified waxes thickening the fuel, and clogs filters and 

injectors in the engine [14]. The cetane number obtained in this study is within specified standards. 

This indicates that the fuel possesses good fuel ignition property. This means that this biodiesel 

offers easier starting operation in automobile engines [6]. The acid value of this biodiesel was lower 

than the standard values. The low value means the biodiesel has very good storage stability. The 

FFA value obtained (0.15%) shows that the biodiesel has a good cleaning property and will have 

fewer tendencies to cause rupture and degradation in engine hose [16]. Iodine value is a measure of 

the degree of un-saturation in vegetable oil, and the higher the iodine value, the higher the 

unsaturated fatty acid [26]. The effect of unsaturated fatty acid in biodiesel is that the heating of 

unsaturated fatty acids brings about the polymerization of glycerides which may lead to the 

formation of deposits [27]. The iodine value for soya bean oil-based biodiesel was found to be 118 

g/100g. This is fell within the standard specification (115 minimum). This is an indication that the 

volume of unsaturated fatty chains in the biodiesel is within the standards range.  

 

 3.4 Comparison of properties of soya bean oil and soya bean oil-based biodiesel 

Figure 1 shows the comparison of some properties of soya bean oil and the biodiesel produced via 

transesterification reaction. The transesterification of soya bean oil has significantly reduced the 

viscosity, acid value and flash point of the oil by 66.4%, 71.6% and 55.7% respectively. This 

conforms to a previous study where it was reported that transesterification of vegetable oil reduces 

the molecular mass, the viscosity and improve the volatility of vegetable oils to appropriate range 

suitable for the usage of diesel engines [11]. It has been reported that the higher the viscosity of 

biodiesel fuel, the greater is the tendency for the fuel to form deposits in the engine while a low 

viscosity may lead to excessive internal pump leakage [11, 28].  
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4. Conclusion 

The transesterification of soya bean oil has reduced most of the properties of soya bean oil 

significantly. The values of viscosity, acid value and flash point of the oil were reduced by 66.4%, 

71.6% and 55.7% respectively. The density, cetane number, pour point, iodine value, and cloud 

point of the biodiesel fell within the specified international standard. Because of the renewability of 

soya bean oil, the biodiesel produce from this source can be used as a viable replacement for the 

fossil fuel diesel; in order to combat the ever increasing toxic pollution of the environment. 

 

Nomenclature 

𝐵𝑉 Volume of sodium thiosulphate used for blank  (cm3) 

𝐶𝐹 Conversion coefficient  

D  Density of sample 

M Mass of sample (g) 

𝑀𝐵   Mass of dried biodiesel (g) 

𝑀𝑜𝑖𝑙  Mass of oil used (g) 

𝑁𝐾𝑂𝐻 Concentration of KOH (N) 

𝑁 Actual concentration of HCl used (M)  

𝑆𝑉 Saponification value (mgKOH/g) 

T Titre volume (cm3) 

𝑇𝑉  Volume of sodium thiosulphate used for sample (cm3) 

𝑉1  Titre volume of the HCl used for sample (cm3) 

𝑉𝑜  Titre volume of HCl used for blank (cm3) 

𝑉𝐿   Volume of the sample (cm3) 

𝑤1  Mass of bottle and sample (g) 

𝑤0  Mass of bottle only (g)  
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