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Abstract - This work focuses on the evaluation of the proximate composition of soybean seed and its utilization in the 
production of biodiesel. Samples of soybean seed were collected from Eke Awka market Anambra  State, Nigeria and were 
assessed for proximate composition using AOAC, 2005 method. Oil were extracted from the soybean seed using soxhlet 
extraction method and were characterize for its physiochemical properties.  The oil was used in the production of biodiesel 
using different variations of temperature, reaction time, amount of catalyst and catalyst to oil ratio. Trans-esterification of the 
oils with methanol and potassium hydroxide as catalyst gave their corresponding methyl esters (biodiesels) and glycerol 
which were washed, dried at (55OC) and biodiesel produced were characterized and compared with commercial diesel for its 
suitability in motor engine. The optimum yield (78.93%) was obtained at the optimized parameter values of 52.92oC 

(temperature), 1.04 wt% (catalyst),  0.21 (oil/methanol ratio) and 58.52 minutes (reaction time). The results of the test 
classified the soybean biodiesel within limits set for biodiesel’s properties by ISO 14214 specifications on Biodiesel. 
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I. INTRODUCTION 

 

Fossil fuel is the major source of energy in Nigeria  

andhas over the years incurred tremendous benefits as 

well as damages. Such damages include; climate 

change, pollution of land and water bodies, incessant 

depletion of the ozone layer, emission of CO2 into the 

atmosphere which is proven to be very hazardous to 

human health. Considering the dwindling reserves of 

crude oil, liquid fuels derived from plant materials 

(biofuels) are an attractive source of energy. Un-like 

other forms of renewable energy (such as wind, tidal, 
solar energy),liquid biofuels allow solar energy to be 

stored, and also used directly in existing engines and 

transport facilities or infrastructures. Biofuel provides 

an alternative energy source and may also reduce net 

greenhouse gas emissions and consequently helping 

in reduction or checkmating climate change 

(Börjesson 1996; Schneider &McCarl 2003; Lee et al. 

2005).With the adoption of biodiesel, we can be sure 

of an alternative source of diesels for our engines 

with very low level of hydro-carbon content. 

 
Biodiesel is produced from the fatty acids found in 

vegetable oils and is produced using a process known 

as trans-etherification (Stevens &Verhe, 2004), which 

involves using methanol to create a catalytic reaction. 

A number of biomass types can be used in the 

production of biodiesel such as rapeseed, sunflower 

and palm oil. Biodiesel is extremely versatile as it can 

be used in any diesel engine if it has been mixed with 

common diesel (Stevens &Verhe, 2004). Biodiesel 

has quite a lot of potential advantages over 

conventional diesel. This includes no net CO2 

addition to the atmosphere; low sulphur content; no 
benzene; non-toxicity, biodegradable, and also 

reduced reliance on oil importation (Smith et al., 

2007). It burns more completely since it is 

oxygenated producing 50% lower emissions of CO 

and particulate matter, 66% lower hydrocarbons, but 

10% higher NOx than petroleum diesel (United States 

Environmental Protection Agency 2002). However, 

many car manufactures are now designing cars so that 

they can run on 100% biodiesel. Another increasing 

popular section of biodiesel market is the re-use of 

vegetable oils used in the catering industry. The fast 

food chain McDonald's now converts its used 

cooking oil into biodiesel to power its fleet of 

delivery trucks (Stevens &Verhe, 2004).The oil is 
filtered and pre-processed before being manufactured 

into biodiesel. 

The uncertainty about fuel availability and price in 

the near future, a dependable liquid fuel is desirable 

that can offer energy security especially in the 

transportation sector. Bioenergy can play a key role 

in substituting fossil fuels and meeting the future 

demands of the transportation sector. Modern 

bioenergy resources such as biodiesel and ethanol are 

the prominent biofuels currently in use. Biodiesel 

appears to be a better option since the  processing 
technology for biodiesel is simpler than that of 

ethanol (Yuan et al., 2008).The use of biodiesel in 

Nigeria is yet to be commercialized for some reasons 

like unclear and unproven potentials for its 

commercialization in Nigeria. There is therefore a 

need to study and ascertain the potential of biodiesel 

in Nigeria so as to make way for its exploration, 

hence this study.  

 

II. MATERIALS AND METHOD 

 

2.1 Collection of sample and extraction of oil 
Soybeans seed  was sourced from Eke-Awka  market  

in Anambra state, Nigeria. The seeds were thoroughly 
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washed and screened to remove other contaminants. 

The pericarp (peel) was removed from the mesocarp 
(flesh), leaving the mesocarp and endocarp (seed). 

The endocarp was thereafter reduced to particle sizes 

ranging from 0.75mm to 2.00mm and later it was 

dried at room temperature for five days to remove 

moisture. The dried sample was later grounded to fine 

powerto increase the surface area of the sample for 

better extraction of oil. The oil in the seed was later 

extracted using soxhlet extraction method. 

 

2.2 Characterization of the oil 

2.2.1 Determination of Fatty Acid 

25ml diethyl ether was mixed with 25ml alcohol and 
1ml phenolphthalein (1%) and was carefully 

neutralized by 0.1M NaOH. Thereafter, 10g of the oil 

was mixed with a neutral solvent and  titrated with 

aqueous 0.1M NaOHwhile shaking constantly until 

pink colour which persists for 15 seconds was 

obtained. The acid value was calculated with eqn. (1). 

Acid value = 
Titre   ml  x 5.61

weight  of  sample  used
   

     (1) 

2.2.2 Iodine Value 

The oil was poured onto a small beaker that has a rod. 

Suitable quantity of the sample was weighed out by 

difference into a dry glass-stoppered bottle of 250ml 

capacity. The approximate weight in g of the oil to be 

taken wascalculated  by dividing 20 by  the highest 

expected iodine value.10ml of carbon 

tetrachloridewas added to the oil. Thereafter, 20ml of 

wijis’ solution was added and a stopper (previously 

moistened with potassium iodine solution), was 

inserted and allowed to stand in the dark for 30 

minutes.15ml of potassium iodine solution (10%) and 
100ml water was added and mixed properly. The 

mixture was titrated with 0.1M thiosulphate solution 

using starch as indicator just before the end-point ( 

titration = aml). 

The blank was also titrated at the same time starting 

with 10ml of carbon tetrachloride (titration = bml). 

The iodine value was determined according to eqn. 

(2). 

Iodine value = 
 b−a X1.269

weight  in gram  of  sample
 (2) 

 

 

2.2.3 Peroxide Value 

1g of the oil was weighed out into a clean dry boiling  

tube.1g powdered potassium iodide and 20ml of 

solvent mixture ( 2vol glacial acetic acid + 1 vol 

chloroform) was added. The tube was placed in 

boiling water so that the liquid boils within 30 

seconds and was allowed to boil vigorously for 30 

seconds. The contents was quickly poured into a flask 

containing 20ml of potassium iodide solution (5%). 
The tube was washed twice with 25ml water and 

tirated with 0.002M sodium thiosulphate solution 

using starch. 

The blank was also done.  

 

2.2.4 Saponification Value 

2g of the oil was weighed into a conical flask 
containing 25ml of the alcoholic potassium hydroxide 

solution. A reflux condenser was attached to the flask 

and heated in boiling water for 1hr, shaking 

frequently.1ml of phenolphthalein (1%) solution was 

added and titrated with hot excess alkali and 0.5 M 

hydrochloric acid (titration = aml). The blank titration 

was done at the same time( titration  = bml). The 

saponification value was determined according to 

eqn. (4) 

Saponification value = 
 b−a x 28.05

weight  in  gram  of  sample
  

     (4) 

 

2.2.5 Determination of pH 

pH was measured by electrometric method using 

laboratory pH meter Hanna model HI991300 (APHA; 

1998). The electrodes were rinsed with distilled water 

and blot dry.The pH electrodes was then rinsed in a 

small beaker with a portion of the sample.Sufficient 

amount of the sample was poured into a small beaker 

to allow the tips of the electrodes to be immersed to a 
depth of about 2cm. The electrode was at least 1cm 

away from the sides and was turn on and the pH of 

sample recorded. The temperature adjustment dial 

was adjusted accordingly.The pH meter was turned 

on and the pH of sample recorded. 

 

2.2.6 Refractive Index 

The Abbe’s refractometer with a light compensator 

was reset. The oil sample was smeared on the lower 

prism of the instrument and closed.A light was passed 

by means of the angled mirror. The reflected light 

appeared in a form of a dark background.Using the 
fine adjustment,  the telescope tubes was moved until 

the black shadow appears central in the cross wire 

indicator. The  reading was taken.A correction factor 

can be included where it is not possible to work at the 

stipulated temperature. Cocks and Rede (1966) 

prescribed the following formula for this, 

 

 Refractive index = R+0.00380Θ     

     (5) 

where R = Refractometer reading, Θ = Number 

temperature. 
 

 

2.2.7 Determination of Specific Gravity/Density 

(ASTM D1298) by Hydrometer Method 

A clean dry empty 50ml density bottle was weighed 

and the mass recorded as M, it was then filled with 

distilled water and subsequently with the samples. 

The mass of the bottle and water was taken and 

recorded as Ml and that of biodiesel as M2 

respectively hence, the specific gravity is evaluated. 

This procedure is used to determine the specific 

gravity of the sample. 
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2.2.8 Density 
A 50ml pycometer bottle was washed with detergent 

water and petroleum ether. The bottle was  dried and 

weighed in a digital weighing balance. The bottle was 

filled with water and weighed. It was emptied and 

dried and was refilled with the oil sampled and 

weighed in a digital weighing balance. The density of 

the oil was calculated with eqn. (6). 

 

Density =   
weig htofoilsample

volumeofoils ample
   

     (6) 

2.3 Production of biodiesel  

The various volume of the soybean oil used in the 

study as presented in Table 1 were measured and 

pour into a 250ml conical flask and heated to a 

temperature of 45˚C using heating mantle.   Sodium 

methoxide solution was prepared using a 250ml 

beaker containing 1g of NAOH pellet and 200g of 

anhydrous methanol. The solution was stirred 
properly in order to dissolve theNaOH pellet. The 

solution of sodium methoxide was thereafter poured 

into the blended oil and stirred vigorously for in a 

magnetic stirrer for 90 minutes. This process of 

producing the biodiesel from soya beans oil with 

methanol is called trans-esterification. The mixture 

was left to settle for 3 hours in a separating funnel. 

After settling for 3 hours, the upper layer (biodiesel) 

was decanted into a separate beaker while the lower 

layer (glycerol and soap) were collected from the 

bottom of the funnel.  The biodiesel produced was 
washed with hot water to remove any trace of 

methanol, glycerol, catalyst, soaps and other 

impurities. The water is removed from the container 

periodically until the wash water drained out is clear. 

The biodiesel was oven dried to remove moisture. 

The quantity of biodiesel produced was measured and 

recorded. These procedures were repeated for all the 

formulation in Table 1. 

 
Table 1 Experimental design layout 

 

 

2.4 Characteristics of the Biodiesel  

2.4.1 Determination of Specific Gravity/Density: 

ASTM D 1298 

This procedure is used to measure of specific gravity 

of the biodiesels. A clean dry empty 50ml density 

bottle was weighed and the mass recorded as M, it 

was then filled with distilled water and subsequently 

with the samples. The mass of the bottle and water 

was taken and recorded as Ml and that of biodiesel as 

M2 respectively hence, the specific gravity is 

evaluated. This procedure is used to determine the 

specific gravity of the sample. 
 

2.4.2 Determination of Flash Point: ASTM D 93 

The biodiesel was measured and placed in a cup in 

such quantity as to just touch the prescribed mark on 

the interior of the cup. The cover was then fitted onto 

the position on the cup and Bunsen burner was used 

to supply heat to the apparatus at a rate of about 50◦C 

per minute. During heating, the oil was constantly 

stirred. As the oil approaches its flashing, the injector 

burner was lighted and injected into the oil container 

after every 12 second intervals until a distinct flash 
was observed within the container. The temperature 

at which the flash occurred was then recorded, it was 

repeated three times and the average value was taken. 

 

2.4.3 Determination of Kinematic Viscosity 

(ASTM D445) 

A viscometer was inserted into a water bath with a set 

temperature and left for 30 minutes. The sample was 

added to the viscometer and allowed to remain in the 

bath as long as it reaches the test thermometer. The 

sample was allowed to flow freely and the time 

required for the meniscus to pass from the first to the 
second timing mark was taken using a stop watch. 

The procedure was repeated a number of times and 

the average value was taken which was then 

multiplied with the viscometer calibration to give the 

kinematic viscosity. 

 

2.4.4 Determination of Melting Point 

10g of each samples of the produced biodiesel were 

weighted into a different crucible and freeze in a 

refrigerator to ice. The blocked biodiesel were 

brought out from the water refrigerator and heated 
over the water bath at a very low temperature of 40˚C 

until the ice blocked biodiesel melts. Using a well 

calibrated thermometer the readings were taken and 

the temperature at which the ice block melted was 

recorded. 

 

2.4.5 Determination of Combustion Test 

The combustion test was determined using a small 

strong heat resistance glass cup and a heating mantle. 

The sample was poured into the cup and heated 

gradually while being stirred to distribute heat 

uniformly in the cup and the temperature was 
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monitored using a thermometer. At regular 

temperature, the cup was exposed to naked flame. 
The temperature at which it catches fire (supports 

combustion) was noted and recorded which gives the 

combustion point of the sample. 

 

III. RESULT AND DISCUSSION 

 

3.1 Characterization of soybean oil 

The results of the physical and chemical 

characterization of the soy bean oil used in the 

production of biodiesel are presented in Table 2. 

While the result of pysico-chemical characteristics of 

biodiesel produced from soybean oil in comparism 
with commercial diesel are shown in Table 3.  

 

Saponification value of soybean oil was 

30.19mgKOH/g, while that of biodiesel produced is 

103.77. This indicates that, the mean molecular 

weights of the triglycerides of the oils of the samples 

are lower than their methyl esters. The Iodine value 

was 105.076g /100g (greater than 100) which is 

within a range of semi-drying oils consisting 

predominately polyunsaturated fatty acids mainly 

oleic and lenoleic fatty acids. This class of oils whose 
iodine value is between 100–200 possesses the 

property of absorbing oxygen on exposure to the 

atmosphere; though they are not so sufficient to be 

qualified as drying oils. They become thick and 

sticky but do not form a hard dry film. They are used 

in the production of margarine and soap. The iodine 

value of 117.870 and 105.058 g/100/g for the 

triglyceride of soybean and its methylester were 

obtained respectively. This shows that the triglyceride 

of soybean oil is semidrying as it falls within (100 -

130). 

 
The triglycerides of soybean oil have the ability of 

slowly absorbing atmospheric oxygen to produce a 

soft film after prolonged exposure to air. Higher 

iodine value oils have lower melting points therefore, 

triglycerides of Cucumismelooils will make better 

cold weather biodiesels, but with high iodine value 

oils, there is more risk of the biodiesel 

polymerizing(drying) into a tough insoluble plastic 

like solid. Soybean oil biodiesel is semi-drying so 

will not polymerize as fast as the drying oils. 

Biodiesel made from soybean oil should be stored 
carefully and used quickly. 

 

The value of triglyceride of soybean oil and its 

methyl ester is non-drying as it falls within (0 - 

100)~'. With a lower iodine value of 105.750mg/g, 

the oil can remain liquid at normal (room) 

temperature and is capable of forming elastic film 

after long exposure to air. Biodiesel made from lower 

iodine value oil like soybeanoil is more efficient fuel 

than the higher iodine value oils because they have 

higher cetane numbers. Therefore, soybean biodiesel 

is not susceptible to oxidation and can be 

conveniently be used if the biodiesel require long 

term application. 
In term of the acid value and free fatty acid, It is 

observed that the acid value of soybean oil (Table 2) 

is higher (7.209mgKOH/g) than that of biodiesel 

(Table 3)which is 4.66mgKOH/g indicating that the 

soybean oil had a higher amount of free fatty acid 

compared to biodiesel and so will hydrolyze more 

easily, especially if stored under improper conditions 

to give a stale oils.  

 

From the peroxide value determination, triglyceride 

of soybean oil and its methyl ester has a higher value 

of 7.400 mg/g and 2.400 mg/g respectively. This 
indicates that soybean oil and the biodiesel made 

from it are more stable to oxidation. Since the 

soybean oil has a lower iodine value. Therefore, the 

biodiesel and its oil are less susceptible to oxidation. 

The biodiesel made from it can be stored for a longer 

time. 

 

Viscosity is a measure of the internal friction or 

resistance of oil to flow. Increase in temperature of 

the oil results in decrease in viscosity so that the oil 

flow more readily. Viscosity is the most important of 
biodiesel properties since it affects the operation of 

fuel injection equipment, particularly at low 

temperatures when the increase in viscosity affects 

the fluidity of the fuel. High viscosity results to poor 

fuel spray atomization and less accurate operation of 

the fuel injectors. The viscosity of the produced 

soybean seed biodiesel was 8.227Pa.s. It shows that 

the viscosity of soybean seed biodiesel were 

comparable to HSD and other non-edible oils. Since 

viscosity is the rate of opposition of flow of a liquid, 

it makes it to be a very important property of 

biodiesel. Biodiesel have higher viscosity than 
conventional diesel, though higher viscosity leads to 

poorer atomization of fuel injectors but the obtained 

viscosity of the biodiesel was found to be within the 

biodiesel standard of America.  

 

The specific gravity of soybean seed oil was 0.897 

which differ slightly from the biodiesel (0.796), 

which are closer to the density of diesel (0.845). 

Soybean biodiesel was found to be less dense than 

water and can be used as these values are in 

agreement with the specification for biodiesel and 
also the value given by the Conference of fuel 

chemistry which is (860 - 900 ~ g / m) for biodiesel 

and (810 - 860 kg/m3) for petro diesel. Consequently, 

biodiesel is denser than the conventional petrodiesel. 

This means that the biodiesel of the two samples have 

good combustion characteristics because the greater 

the density of the diesel fuel, the greater its heat of 

combustion per unit volume and therefore, greater its 

power or fuel economy. 

 

Flash point is the temperature that indicates the 

overall flammability hazards in the presence of air; 
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higher flash points make for safe handling and 

storage of biodiesel. The Flash Points of biodiesel of 
soybean (Table 3) was 110°C, which is consistent 

with palm oil biodiesel but differ from Neem oil 

biodiesel (120°C) as reported by Ezenwaliet al., 

(2010) which are higher than that of diesel (60-80°C). 

For seeds oils flash point are higher than fossil diesel.  

 

Freezing point is the temperature at which a cloud of 

wax crystals first appear in the biodiesel when it is 

cooled. The pour point is the lowest temperature at 

which the biodiesel can still be moved. These 

properties are related to the use of biodiesel in colder 

region. The freezing point of the obtained biodiesel 
was -4°C as compared to -6°C for castor biodiesel 

freezing point of both biodiesel were almost within 

the specified range.Refractive index which is a 

dimensionless number that describes how light passes 

through the biodiesel was found to be 1.46 (Table 3) 

as it is consistent with commercial diesel (1.5). 

From the Fourier transform infrared 

spectrophotometer (FTIR) result (Fig. 1), it indicates 

functional groups for alcohols, phenols, amines, 

amides. Wave-number 2953.066cm-1 is for 

carboxylics and 1618.791cm-1 is for acids, esters, 
and anhydrides. The oil also contain functional 

groups of both saturated(single bond) and 

unsaturated(double bond) fatty acids that serve as a 

perfect feedstock for biodiesel. The soy bean oil and 

diesel appear to be more unsaturated than saturated 

containing more of functional groups with 

unsaturated bond. The FTIR results indicates that soy 

bean oil can serve as a good material for biodiesel 

production since it has essential functional groups 

like alcohols, acids, carboxylics, esters, 

aldehydes  etc. Also the oil is more of unsaturated, a 

quality required in any oil that give a good biodiesel. 
The good quality of the oil lead to the quality product 

of the biodiesel produced as indicated by the result of 

the FTIR, showing that the biodiesel is of good 

quality and contain essential functional groups that 

are essential in biodiesel, also the biodiesel produced 

is more of unsaturated group as indicated in the FTIR, 

containing more of double and triple bond functional 

groups, thus the FTIR analysis support the fact that 

the oil and the diesel produced is of good quality. 

 

Table 2: Physco-chemical characteristics of soybean oil 

 

Table 3: Mean Values of fuel properties of soybean biodiesel 

 

Fig. 1 FTIR Result and Interpretation of Biodiesel 

 

3.2 CCD Regression Model for phenol Uptake 

Multiple regression analysis was employed to 

correlate the responses (yield of biodiesel) with the 

four variables studied using a second order 

polynomial equation. The quadratic regression model 

for yield of biodiesel was represented by equation 1.  

A, B, C and D in the equations represents the coded 

values for temperature, catalyst, reaction time and 

oil/methanol ratio, respectively. The coefficients with 

two factors (combinations of these factors) and others 

with second order terms show the interaction between 
the two factors and quadratic effect, respectively.  

A model equation was generated to fit the 

experimental data using design expert 10. From the 

experimental data obtained from the response surface 

experimentation, the final equation in terms of the 

coded factors for yield is as follows 

 

YIELD (%) = +62.25 + 3.53B - 9.35D - 4.19AD - 

0.19BC + 10.47BD -3.55CD + 2.08A2        (1) 

 

From the above equation it could be seen that the 

factors with positive coefficients have greater effect 
on the yield than the negative value coefficients, that 

is to say that B (catalyst), BD (catalyst and 

oil/methanol ratio interaction) and A2 (second power 

of the temperature) have greater effect on the yield. 
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3.3 Statistically Analysis  
The quality of the models developed were evaluated 

based on the value of coefficient of determination 

(R2). The R2 (0.922) is relatively high (close to unity). 

This implied that 92.2 % of the variations for the 

yield of biodiesel was explained by the independent 

variables and only 7.8 % of the total variability in the 

response was not explained by the model. The high 

R2 value indicated that the model obtained was able 

to give a convincingly good estimate of response in 

the studied range.  The analysis of variance(ANOVA) 

assesses the significance of each studied response and 

identifies the important factors in a multi-significant 
model. The result of ANOVA is shown in Table 4. 

The significance of each coefficient was determined 

using the F-test and p-value. Thevariables involved 

would be more significant if the absolute F-value 

becomes greater and the p-value becomes smaller 

(Amani-Ghadimet, al., 2013). The contribution of 

quadratic model was significant. The lack of fit test 

measured the failure of the model to represent the 

data in the experimental domain at points which were 

not included in the regression. The result from Tables 

4 showed that the lack of fit p-value of 0.6825 is 
greater than 0.05 (p>0.05). This indicates that the 

experimental data fitted well to the model and is 

adequate for predicting the experiment. The value of 

the determination coefficient,R2 is 0.922 (Table 5) 

and the value of adjusted determination coefficient R2 

was 0.8495, indicating a relatively high degree of 

correlation between the experimental and predicted 

values.Coefficient of variation (CV) is a standard 

deviation expressed as a percentage of the mean. The 

lower the CV, the smaller residuals relative to the 

predicted value (Körbahti, &Tanyolaç, 2008). In this 

study, the CV values obtained were 3.18 (Table 5) 
suggesting a good precision and high reliability of the 

experiment performed. 

 

Also, adequate precision compares the range of 

predicted values at the design points to the average 

prediction error.An adequate precision ratio value 

greater than 4 indicates adequate model 

efficacy(Noordin et al., 2004). The results from Table 

5 gave the values as 16.242. The results showed that 

the adequate precision ratio recorded was above 4 

indicating the efficacy of the model.  
 

 

 

Table 4.5: Analysis of variance table 

 

The Model F-value of 12.70 implies the model is 

significant. There is only a 0.01% chance that an F-

value this could occur due to noise. The values of 

"Prob> F" less than 0.0500 shows that the model 

terms are significant. In this case B (Catalyst), D 

(oil/methanol ratio), AD (Temperature and 

oil/methanol ratio interaction), BD (catalyst and 

oil/methanol ratio interaction), CD (reaction time and 

oil/methanol ratio interaction), A2 (second power of 
the temperature) are significant model terms. The 

values greater than 0.1000 shows that the model 

terms are not significant. The "Lack of Fit F-value" of 

0.71 implies the Lack of Fit is not significant relative 

to the pure error. There is a 68.25% chance that a 

"Lack of Fit F-value" this large could occur due to 

noise. 

 

 
Table 4.6: Correlation Table 

 

The normal probability plot is a graphical technique 

to identify substantive departures from normality. 

The normal probability plot shows whether the 
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residuals follow a normal distribution, in which case 

the points will follow a straight line (Lee & 
Gilmore,2005). For normal probability plot, the 

sorted data are plotted against selected values. This 

plot is essential in order to make the resulting image 

look close to a straight line if the data are 

approximately normally distributed. Deviations from 

a straight line suggest departures from normality (Lee 

and Gilmore,2005).  

 

The normal probability plot of the residuals for 

biodiesel yield is presented in Figure 2.From the 

plots, it was observed that the data were closely 

distributed within the straight line of the plots. 
 

Figure 2: of normal plot of the residue 

 

3.4 Analysis of Response Surface 
Response surface methodology (RSM) was used to 

optimize the conditions for the yield of biodiesel. The 

3D response surface plots of the combined effects of 

the independent variables on the yield are shown in 

Figures 3-5. From the 3D surface plots (Fig. 3), it 

could be observed that an increasing temperature and 

lower oil/methanol ratio led to an increase in yield. 

The Figure 4shows the effect of oil/methanol ratio 

and catalyst on the yield. From the 3D surface plot, it 

was observed that at lower catalyst and oil/methanol 

ratio, higher yield was observed. Also Fig. 5 shows 
the effect of oil/methanol ratio and reaction time on 

the yield. Accordnging to the 3D surface plot,higher 

yield of biodiesel was observed at higher reaction 

time and lower oil/methanol ratio.In the optimization, 

there were four factors for a goal to construct 

desirability indices: temperature, catalyst, reaction 

time and oil/methanol ratio. The optimum yield 

(78.93%) was obtained at the optimized parameter 

values of 52.92oC (temperature), 1.04 wt% (catalyst),  

0.21 (oil/methanol ratio) and 58.52 minutes (reaction 

time).  

 

 

 

 
 

IV. CONCLUSION  

 
The study has shown that biodiesel of better quality 

and yield can be produced from soy bean oil. The 

optimized reaction conditions for one stage 

transesterification of soybean oils were a 1:4 molar 

ratio of methanol to oil, the addition of 0.45% NaOH 

catalyst, at 60 °C reaction temperature, and about 

55mins of reaction time.  The results on the total 

glycerin content of the biodiesel emanated from 

soybean are quite impressive and conform favorably 
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to standard. Use of high FFAs feed stocks such as soy 

bean oil to produce biodiesel is more economically 
viable as conversion of FFAs to biodiesel was found 

to increase the yield of biodiesel and simplify the 

separation of catalyst form crude biodiesel mixture. 
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