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The characteristics of peanut and rapeseed including high oil content, favorable fatty acid composition, low agricultural inputs, de�nable 
growing season, and uniform seed maturation rates makes them a good source for biodiesel production.  Thus, the transesteri�cation process 
to produce biodiesel from peanut oil and rapeseed oil was studied.  This process gives yields of (95 % and 88 %) from peanut oil and (97 %, 92 
%) from rapeseed oil using potassium hydroxide (KOH) and sodium hydroxide (NaOH) as a catalyst, respectively.  Biodiesel yields were 
analyzed using the FTIR (Fourier Transform Mid-IR) spectroscopy method.  Biodiesel yields from peanut oil and rapeseed oil at di�erent 
conditions were investigated in order to optimize the process.  Response surface methodology (RSM) was used to optimize the process 
parameters of the transesteri�cation reaction.  The models showed a good agreement with the experimental results, demonstrating that this 
methodology was useful for optimization.  The models were successful in explaining the variation of response with respect to the three 
process parameters studied. T he fuel properties of biodiesel produced were compared with ASTM standards for biodiesel. 

Keywords: Biodiesel, Transesteri�cation, Peanut oil, Rapeseed oil, Optimization, Response surface methodology.

OPTIMIZATION OF BIODIESEL PRODUCTION FROM PEANUT AND RAPESEED OILS 
USING RESPONSE SURFACE METHODOLOGY 

Ali A. Jazie*, A. S. K. Sinha, H. Pramanik
Department of Chemical Engineering and Technology, Indian Institute of Technology (BHU), Banaras Hindu University, Varanasi, UP 221 005, India.

*Corresponding author.  Tel: +91 542-2317589; fax: +91 542-2368092. 
E-mail address: jazieengineer@yahoo.com

Abstract

Concerns over current energy shortages and environmental 
restrictions have raised interest in the development and use of 
non-petroleum-based renewable fuels.  One attractive option is 
biodiesel, which is an oxygenated, diesel-like fuel consisting of fatty 
acid alkyl esters (most commonly fatty acid methyl esters, or FAMEs) 
that are derived from oils and fats [1].  The most commonly used 
method for biodiesel production is transesteri�cation of vegetable 
oils or fats with methanol or ethanol in the presence of a catalyst [2]. 
At the moment, conventional industrial process favors 
homogeneous basic catalyst such as alkaline hydroxides (NaOH and 
KOH) due to higher reaction rate and requirement of lower reaction 
temperature (between 25 ˚C and 70 ˚C) and pressure (atmospheric) 
as compared to acid-catalyzed reaction [3].  Feedstock availability 
for biodiesel production varies according to geography, climate and 
economics.  Thus, rapeseed/canola oil is principally used in Europe, 
palm oil predominates in tropical countries, and soybean oil and 
animal fats are primarily used in the US [4].  However, the combined 
supply of these lipids is capable to displace only a small percentage 
of mineral diesel at current usage levels [5].  Desirable feedstock 
characteristics include adaptability to local growing conditions, 
regional availability, high oil content, favorable fatty acid 
composition, compatibility with existing farm practices, low 
agricultural inputs, de�nable growing season, uniform seed 
maturation rates, markets for byproducts, compatibility with fallow 
lands, and rotational adaptability with commodity crops [4,6-7]. 

Biodiesel prepared from feed stocks that meet all or most of these 
criteria hold the greatest promise as alternatives to mineral diesel. 
Feed stocks of interest in the current study included those from 
rapeseed and peanut.  The peanut or groundnut (Arachis hypogeal 
L.) belongs to the Fabaceae (legume, pea or bean) family and the 
major producers are China, India, and the United States, which 
together account for 70 % of world production.  China and India 
represent 56 % of the world’s cultivated area.  Valued within the 
edible oils market due to its excellent functionality as cooking oil, 
peanut oil comprises 40–50 % of the mass of dried nuts [8].  The 
National Agricultural Statistics Service of the United States 
Department of Agriculture (USDA) reported that the six year 
(2005–2010) average yield of peanuts was 3563 kg.ha-1.yr-1 [9], 
which results in a calculated yield for peanut oil of 1425–1782 
kg.ha-1.yr-1.  The percentage of oleic acid in traditional peanut oil 
ranges from 41 % to 67 %, whereas high-oleic cultivars contain close 
to 80 % of this constituent [10]. More recently, biodiesel prepared 
from mid-oleic/traditional peanut oil was reported [11–14], along 
with a winterization method to improve its cold �ow properties [13]. 
With regard to high oleic acid varieties of peanut oil, one study 
reported the density and viscosity of the resultant biodiesel fuel, 
but no other parameters were measured [14].  Rapeseed (Brassica 
napus L.) oil is characterized by high level of erucic acid which may 
cause serious damage to heart and lever.  Rapeseed is characterized 
by high contents of monounsaturated oleic acid and low levels of 
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both saturated and polyunsaturated acids. Therefore rapeseed oil is 
an ideal raw material regarding combustion characteristics, 
oxidative stability and cold temperature behavior. Rapeseed is now 
second largest oilseed crop after soybean and the third largest 
vegetable oil, which results in a calculated yield for Rapeseed oil of 
965–1342 kg.ha-1.yr-1 after soybean-oil and palm oil. Rapeseed 
contains approximately 40 wt% oil. Transesteri�cation of rapeseed 
oil produces ester whose properties are comparable with those of 
conventional diesel fuels [15]. It has also been reported that the 
lubricity of diesel fuel can be enhanced by 60 % with the addition of 
1 vol% canola-derived methyl ester [16].

In the present work, we report our studies on the suitability of 
peanut oil and rapeseed oil as a feedstock’s for biodiesel production 
and the in�uence of process parameters (catalyst concentration, 
type of catalyst, temperature, methanol to oil molar ratio and 
reaction time) in the transesteri�cation of peanut oil and rapeseed 
oil using potassium hydroxide and sodium hydroxide as catalysts. 
Response surface methodology (RSM) was used to optimize the 
process parameters of the transesteri�cation reaction.  The optimal 
condition of the process, the relationship between process variables 
and the response FAME yield was calculated using response surface 
methodology (RSM). The properties of biodiesel were also 
measured and reported in this paper. 

2.  Experimental

2.1  Materials 

Peanut oil was procured from commercial shop in Varanasi and 
rapeseed oil was procured from Punjab in India. Potassium 
hydroxide �akes, sodium hydroxide �akes, methanol and 
phosphoric acid were procured from Fisher Scienti�c, India. Methyl 
ester, triolein was obtained from Sigma– Aldrich, USA. All chemicals 
used were analytical reagents. 

2.2  Experimental setup 

The transesteri�cation reaction was carried out in a batch reactor. A 
500 mL three necked round bottom glass �ask was used. It had 
provisions for a water-cooled condenser, thermometer, and 
mechanical stirrer. The �ask was kept inside a water bath with 
thermostat which maintained the temperature at the desired level. 
The reaction mixture was stirred at 600 rpm for all test runs (Fig.1).

2.3  Transesteri�cation

The oils were heated at 378 K for 1 h in N2-purge to evaporate water 
and other volatile impurities. Heated oils were allowed to cool to 
room temperature. Subsequently, a desired amount of freshly 
prepared alcoholic solutions of catalysts were added into the oil and 

mixed. Each experiment was allowed to continue for a set period of 
time. Phosphoric acid was added to stop the reaction by 
neutralization of catalyst and adjust the pH of biodiesel to neutral. 
The reaction mixture was allowed to cool down and equilibrate 
which resulted in separation of two layers.  The upper layer 
consisted of methyl esters and unconverted triglycerides.  The lower 
layer contained glycerol, excess methanol, catalyst and any soap 
formed during the reaction and possibly some entrained methyl 
esters.  After separation of the two layers by sedimentation the 
upper methyl esters layer was puri�ed by distilling the residual 
methanol at 80 ˚C.   The remaining catalyst was removed by 
successive rinses with distilled water and dried at 378 K for 4 h to 
remove   water content from biodiesel layer.

         Figure 1.      Schematic diagram of Experimental setup.

2.4  Testing of vegetable oil and biodiesel 
 (methyl esters) properties 

Fourier-transformed infrared (FTIR) spectroscopy has been reported 
as a fast and accurate method to monitor the methanolysis of 
vegetable oils [17].  Several FTIR absorption bands (1198 cm-1, 1363 
cm-1, 1377 cm-1, 1436 cm-1 and 4430 cm-1) had been chosen to 
monitor the changes of the functional group in the 
canola-methanol transesteri�cation process with base catalyst [18]. 
Giuliano et al.  [19] studied the ethanolysis of degummed soybean 
oil (DSO) using Fourier-transformed mid-infrared spectroscopy 
(FTIR) and methods of multivariate analysis such as principal 
component analysis (PCA) and partial least squares regression (PLS). 
In the present work also, vegetable oils and methyl esters (biodiesel) 
were analyzed by FTIR (Thermo-Nicolet 5700 model).   The spectra 
were  obtained in  the 500–4000 cm-1 region,  with a resolution of  
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4 cm−1. Averages of 32 scans were recorded using a multi bounce 
ATR. The method developed by Giuliano et al.  [19] was used for 
quantitative analysis.  The height of absorbance band at wave 
number 1741 cm−1 was used to calculate the concentration of ester 
in the biodiesel layer.  A calibration plot was obtained by measuring 
the height of the 1741 cm−1 bands for samples of ester and oil of 
known compositions.  For the calibration purpose, methyl ester and 
triolein where taken as representative ester and oil respectively.   
The calibration plot thus obtained is shown in Fig.2.  The yield of 
biodiesel was calculated using the following formula : 

                               (1)

Where: El, Ec , Wo are the biodiesel layer volume in (mL), ester 
concentration in (g.mL-1), and weight of vegetable oil used in (g), 
respectively.    

                  Figure 2.     The calibration curve of ester.

The samples of vegetable oil and biodiesel were tested for their fuel 
properties also.  The �ash point was determined by Cleveland open 
cup method using ASTM D92-53.  The cloud point and the pour 
point were determined using cloud and pour point apparatus as 
speci�ed in IP15/60.  The kinematic viscosities were determined at 
313K, using a Redwood viscometer as speci�ed in ASTM D445. 
Calori�c values were measured using a bomb calorimeter 
(IP12/63T).  Acid values were determined by a standard titration 
method as speci�ed in ASTM D664 [20].  The density at room 
temperature of the biodiesel was measured as speci�ed in ASTM 
D4052.  The Cetane index was estimated from API gravity and        
mid-boiling point as speci�ed in ASTM D976.

2.5  Statistical analysis

The biodiesel production yield was optimized using response 
surface methodology (RSM) provided by STATISTICA 8 software.  A 
standard RSM design tool known as Central Composite Design 
(CCD) was applied to study the transesteri�cation reaction 

parameters.  The central composite experimental design (CCD) is a 
suitable design for sequential experiments to obtain appropriate 
information for testing lack of �t without a large number of design 
points [21,22].  A two-level, three-factor central composite 
experimental design was used to optimize the independent 
variables to achieve maximum FAME yield.  A total of twenty 
experiments, including six replications at the centre point, were 
conducted.  The replicates at the centre point were used to evaluate 
the pure error.  Table 1 shows the independent variables and levels 
used for experimental design.  Three identi�ed independent 
parameters are X1: catalyst concentration, X2: methanol to oil molar 
ratio and X3: reaction temperature.  The response chosen was 
biodiesel yield.  The experiments were run at random in order to 
minimize errors from the systematic trends in the variables.  The 
quality of �t for the model was evaluated by the coe�cients of 
determination (R2) and its regression coe�cient signi�cant (analysis 
of variances (ANOVA)) were checked with Fisher's test (F-test) [22]. 
Response surfaces and contour plots were developed using the 
quadratic polynomial equation obtained from regression analysis of 
experimental data by keeping two of the independent variables at a 
constant value while changing the other one. 

 Table 1. The independent variables and levels 
  used for experimental design.

A (Peanut oil)

B (Rapeseed oil)
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𝐘𝐢𝐞𝐥𝐝 =
𝑬𝒍
𝑾𝒐

× 𝑬𝒄 

Independent variables Codes 
Variable levels 

-1 0 +1 
 

Catalyst amount (wt %) 
 

X1 0.3 0.5 0.7 

 
Methanol-to-oil molar ratio 

 
X2 3 6 9 

 
Temperature (˚C) 

 
X3 55 60 65 

Independent variables Codes 

 
Variable levels 

 
-1 0 +1 

 
Catalyst amount (wt %) 

 
X1 0.5 1 1.5 

 
Methanol-to-oil molar ratio 

 
X2 3 6 9 

 
 Temperature (˚C)

 
X3 55 60 65 
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3.  Results and Discussion

3.1 E�ect of catalyst concentration

Figs. 3 and 4 show the e�ects of KOH and NaOH concentration on 
the transesteri�cation of peanut oil and rapeseed oil.  The 
concentration of KOH and NaOH were varied from 0 to 2.0 % (based 
on the weight of oil) and reaction time of 90 minutes was kept 
constant.  It is observed that the maximum yield of biodiesel 
obtained for peanut oil and rapeseed oil at 0.5 wt% and 1 wt% 
catalyst concentration, respectively.   The maximum yield was 95 % 
for peanut oil and 97 % for rapeseed oil when KOH used as catalyst. 
However it was only 88 % for peanut oil and 90 % for rapeseed oil in 
case of NaOH.   The role of catalyst is vital as alcohol is barely soluble 
in oil or fat.   The catalyst enhances the solubility of alcohol and thus 
increases the reaction rate [23].   The observation is related to the 
greater solubility of KOH and formation of methoxide. 

    Figure 3.      E�ect of KOH concentration on the yield of 
           peanut oil and rapeseed oil methyl esters 
           (methanol/oil molar ratio 6:1, 
           temperature 60 ˚C).

    Figure 4.     E�ect of NaOH concentration on the yield of 
          peanut oil and rapeseed oil methyl esters 
          (methanol/oil molar ratio 6:1, temperature 60 ˚C).

It is further observed that the yield decreased with further increase 

in catalyst concentration.  The decrease in yield is attributed to the 
formation of soap when an excess alkali is used as catalyst.  These 
results were qualitatively similar to those obtained for the 
methanolysis of jatropha, karanja and polanga oils [24] and canola 
oil [25].  As can be observed, the potassium hydroxide catalyst 
exhibited a better activity for transesteri�cation of vegetable oils 
used in the present study.  These results agree with those obtained 
by Nye et al. [26] and Tomasevic and Siler-Marinkovic [23].

3.2  E�ect of methanol/oil molar ratio

Fig.5 shows the e�ect of methanol to oil molar ratio on biodiesel 
yield.  The stoichiometric methanol to oil molar ratio required for a 
complete transesteri�cation is 3:1.  However, a higher molar ratio is 
required to drive the reaction to completion [27]. 

        Figure 5.  E�ect of molar ratio on the yield of peanut 
  oil and rapeseed oil methyl esters.
 

Experiments were conducted with the molar ratios 3:1, 6:1, 9:1, 12:1, 
15:1, 18:1 and 21:1, respectively.  The molecular weight of peanut oil 
and rapeseed oil calculated on the basis of fatty acid compositions 
were 891 and 882 g/mol, respectively.  It is observed from the Fig.5 
that the maximum yield of 95 % and 97 % were obtained at the 
methanol to oil molar ratio of 6:1 for peanut oil and rapeseed oil, 
respectively.  Further increase in molar ratio, the yield was observed 
to decrease and it was only 65 % when MeOH/Oil molar ratio was 
20:1.  It has been reported that a higher molar ratio than the 
stoichiometric value results in a higher rate of ester formation [28] 
and could ensure complete reaction.   Therefore, it is concluded that 
the reaction was incomplete for a molar ratio less than 6:1.  The 
observed decrease in the yield at higher molar ratios may be due to 
the fact that the separation of ester layer from glycerol layer was not 
complete.  It is known that the excess methanol hinders the 
separation because of the fact that methanol, with one polar 
hydroxyl group, can work as an emulsi�er [29] and the hindrance of 
phase separation at higher methanol to oil ratios was also observed 
in the present work.  Also, further increases in the methanol to oil 
ratio, did not promote the reaction because the catalyst content 
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decreased.  Hence, the best results were obtained for a 
methanol/oil molar ratio of 6:1 in the present work.  These results 
are in line with the reports of Meher et al.  [30] and Usta [31].  They 
obtained high yields of esters utilizing the molar ratio of 6:1 during 
the methanolysis of P.  pinnata and tobacco seed oil, respectively. In 
the ethanolysis of used frying oil, Encinar et al. [32] obtained yields 
of 94.2 %, using an ethanol/oil molar ratio of 6:1 and 1.0 % 
potassium hydroxide as catalyst.

3.3  E�ect of reaction temperature

In all experiments, a methanol/oil molar ratio of 6:1 and 0.5 wt% 
KOH in oil (as catalyst) for peanut oil, 6:1 and 1 wt% KOH in oil for 
rapeseed oil were used (the optimal conditions achieved in the 
previous section).  Alkaline alcoholysis of vegetable oils is normally 
performed near the boiling point of the alcohol [33].  The e�ect of 
reaction temperature (30–65 ˚C) on the yield was studied in the 
present work and the results are shown in Fig. 6. 

          Figure 6.  E�ect of temperature on the yield of
   peanut oil methyl esters.

The maximum yield was obtained at a temperature of 60 ˚C. A 
decrease in the yield was observed when the reaction temperature 
went beyond 60 ˚C. The literature also reports that reaction 
temperatures greater than 60 ˚C should be avoided, because it 
tends to accelerate saponi�cation of the glycerides by the alkali 
catalyst before completion of the alcoholysis and also, excessive 
loss of methanol tends to lower the yield [34].

3.4  E�ect of reaction time 

The e�ect of reaction time was also studied and it was observed 

that the yield becomes nearly constant at 95 % and 97 % for peanut 
oil and rapeseed oil, respectively after 90 minutes of reaction time 
as shown in Fig. 7.

   Figure 7.    E�ect of catalyst type on the yield of peanut  oil 
       methyl ester and rapeseed oil methyl ester.

3.5 Properties of vegetable oil and methyl ester

The fuel properties of vegetable oils and corresponding biodiesels 
are given in Table 2.  All the properties of peanut oil, rapeseed oil 
and corresponding product biodiesels were determined at room 
temperature.  The peanut and rapeseed methyl esters have fuel 
property values relatively closer to that of mineral diesel. As 
compared to the mineral diesel speci�c gravity of 0.85, biodiesel 
speci�c gravity in the present analysis was 0.868 and 0.88, 
respectively.  The ASTM standard D6751 prescribed an acceptable 
kinematic viscosity at 40 ˚C range for biodiesel to be 1.9–6.0 mm2/s, 
which was satis�ed by biodiesel produced in the present work.  The 
calori�c value of methyl ester was lower than that of diesel because 
of their oxygen content.  However, the presence of oxygen in the 
biodiesel may help in a complete combustion of the fuels in the 
engine.  Cold �ow properties of biodiesel are important indicators 
of the commercial applicability of the fuel.  The key �ow properties 
for biodiesel fuel speci�cation are cloud and pour points.  The 
values of cloud and pour points of peanut methyl ester produced in 
the present work were found to be -1 ˚C and 5 ˚C and for rapeseed 
methyl ester were found to be -9 ˚C and -3 ˚C.  Biodiesel produced 
from rapeseed oil is more satisfactory than that from peanut oil 
because peanut oil biodiesel may have a problem in winter.  A 
possible solution for this problem would be the use of pour and 
cloud point depressors [35]. 
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 Table 2.  The fuel properties of vegetables oils and 
  corresponding biodiesel from vegetables 
  oils with testing methods

According to ASTM standard D6751, no value is given for cloud and 
pour point.  The �ash point is higher than those for no. 2 diesel 
(85–95 ˚C).   A higher value of �ash point decreases the risk of �re. 
The acid value was determined using the ASTM D664.  The acid 
value of the biodiesels produced from peanut oil and rapeseed oil 
were 0.45 and 0.37 mg KOH/g respectively.  It is well within the 
speci�ed limit of 0.8 mg KOH/g (biodiesel standard ASTM D6751). 
The ASTM D976 was applied for the calculation of the cetane index, 
giving a reasonably close approximation to cetane number.  In the 
present analysis of peanut and rapeseed methyl esters, cetane index 
was 54.2 and 61.2 respectively.  A typical value for mineral diesel is 
about 46.  The cetane index is higher in biodiesel obtained from 
peanut oil and rapeseed oil.  This parameter guarantees good 
control of the combustion, increasing performance and improving 
cold starts [36].  Thus, most of the fuel properties of peanut and 
rapeseed methyl esters were quite comparable to those of ASTM 
biodiesel standards, and therefore, the biodiesel produced from 
peanut oil and rapeseed oil can be used as substitute for mineral 
diesel. 

3.6  Optimization of parameters

The response surface methodology was used for the optimization 
of parameters. Among the models that can be �tted to the response 
(linear, two factor interaction (2FI) and quadratic polynomial), the 
quadratic model was selected as it is the best model due to its 
highest order polynomial with signi�cance of additional terms. The 
model equations based on the coded values (X1, X2 and X3 as 
catalyst concentration, methanol/oil molar ratio and reaction 
temperature, respectively) for the biodiesel yield from peanut oil 
and rapeseed oil were expressed by Eqs. 2 and 3,  respectively.

Positive sign in front of the terms indicates synergistic e�ect on the 
FAME yield, whereas negative sign indicates antagonistic e�ect [37]. 
The result of statistical analysis of variance (ANOVA) was carried out 
to determine the signi�cance and �tness of the quadratic model as 
well as the e�ect of signi�cant individual terms and their interaction 
on the chosen responses.  The p-value (probability of error value) is 
used as a tool to check the signi�cance of each regression 
coe�cient, which also indicates the interaction e�ect of each cross 
product.  The smaller the p-value, the bigger is the signi�cance of 
the corresponding coe�cient [38]. In the case of model terms, the 
p-values less than 0.05 indicated that the particular model term was 
statistically signi�cant.  From the ANOVA results, the main model 
terms suggested that variables with signi�cant in�uence on 
Biodiesel yield response were methanol/oil molar ratio (X2), 
reaction temperature (X3), and the interaction terms were found to 
exist between the main factors (X1 X2, X1 X3 and X2 X3), while the 
signi�cant quadratic terms were catalyst concentration X12), 
methanol/oil molar ratio (X22) and reaction temperature (X32). The 
lack of �t test with p-values of 0.0521 for (Eq. 2) and 0.0532 for (Eq. 
3) which were not signi�cant (p-value>0.05 is not signi�cant) 
showed that the model satisfactorily �tted to experimental data. 
Insigni�cant lack of �t is most wanted as signi�cant lack of �t 
indicates that there might be contribution in the 
repressor-response relationship that is not accounted for by the 
model [39].  The predicted values versus actual values for biodiesel 
yield with adjusted R2 values of 0.9966 for (Eq. 2) and 0.9972 for (Eq. 
3) indicated that the predicted values and experimental values were 
in reasonable agreement (Fig. 8).  It means that the data �t well with 
the model and give a convincingly good estimate of response for 
the system in the range studied. In addition, investigation on 
residuals was also performed to validate the adequacy of the 
models (Fig. 9).

                A (peanut oil)
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Properties Peanut oil Rapeseed 
oil 

Peanut 
methyl 
ester 

Rapeseed 
methyl 
ester 

Biodiesel 
standard 
ASTM D 
6751-02 

Mineral 
diesel 

Test 
method 

Specific gravity@ 
15/15 ˚C   

0.89 0.91 0.868 0.88 0.87–
0.90 

0.85 ASTM 
D4052 

 Kinematic 
viscosity @ 38˚C 
(mm2/s) 

39.6 51 4.9 4.15 1.9–6.0 1.9-4.1 ASTM 
D445 

Calorific value 
(MJ/kg) 

39.8 40.2 44.8 45.0 – 45 IP12/63
T 

Pour point (˚C) -6.7 -30 -1 -9 Report  - IP15/60 

Cloud point (˚C) 12.8 -4 5 -3 Report  - IP15/60 

Flash point (˚C) 271 246 172 170 130˚C  52 ASTM 
D92-53 

Acid value (mg 
KOH/g) 

0.71 0.62 0.45 0.37 0.8 max. - ASTM D 
664 

Cetane index 41.8 37.6 54 61.2 47 min. 45 ASTM 
D976 
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                              B (rapeseed oil)

           Figure 8.   Predicted versus experimental Biodiesel yields.  

The developed second-order regression models (Eqs. 2 and 3) are 
complex with many variables.  It is di�cult to understand the e�ect 
of di�erent independent variables from the regression model, but 
graphical representations are easier to interpret.  Contour and 
response surface plots were drawn to observe the e�ect of catalyst 
concentration, temperature and methanol-to-oil molar ratio on 
FAME yield.  These plots were generated by holding one of the 
variables at its mid-point and varying the other two variables to 
obtain the response.  The elliptical shape of the curves indicated a 
strong interaction between the variables. 

                A (peanut oil)

             B (rapeseed oil)

                 Figure 9.    Residual plot for the response predicted 
  by the quadratic regression model.

Figs. 10 to 12 show that the positive e�ect was more signi�cant over 
the negative e�ect; hence the conversion to FAME was increased 
with an increase in temperature of up to 60 ˚C. A further increase in 
temperature results in a signi�cant negative e�ect due to increased 

evaporation rate of methanol. Fig. 9 shows the signi�cant 
interaction between methanol-to-oil molar ratio and catalyst 
amount.  The convex pro�le of the response surface shows a well 
de�ned optimum condition for the independent variables. 
Increasing the catalyst amount up to optimum value increased the 
FAME yield, whereas addition of more catalyst (>optimum value) 
resulted in poor mixing of the reaction mixture comprising solid 
(catalyst), non-polar (oil and FAME) and polar (methanol) phases. 
Hence, aggregation of catalysts and poor mass transfer between 
phases reduced FAME yield.   Similarly, excess methanol will shift 
the equilibrium to the right and improve FAME yield, but beyond a 
certain value the excess methanol causes dilution. Catalyst 
concentration with respect to the volume of reaction mixture 
decreased with an increase in methanol concentration which then 
caused a drop in FAME yield. 

           A (peanut oil)

       B (rapeseed oil)

           Figure 10.    Response surface curve plot showing e�ect of  
                 methanol-to-oil molar ratio and catalyst  
                 concentration on FAME yield.
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                                  A (peanut oil)

              B (rapeseed oil)

          Figure 11.       Response surface curve plot showing 
  e�ect catalyst concentration and   

  temperature on FAME yield.

               A (peanut oil)

             B (rapeseed oil)

       Figure 12.    Response surface curve plot showing e�ect of  
              reaction temperature and methanol-to-oil molar  
              ratio on FAME yield.

Optimum conditions of the independent variables for the KOH 
catalyst transesteri�cation of peanut oil were determined as; 
catalyst concentration 0.5 % by weight; reaction temperature, 60 ˚C; 
and methanol-to-oil molar ratio of 6:1 while for rapeseed oil were 
determined as; catalyst concentration 1 % by weight; reaction 
temperature, 60 ˚C; and methanol-to-oil molar ratio of 6:1. 
Therefore, it is concluded that the generated models showed 
reasonable predictability and su�cient accuracy for the biodiesel 
yield in the experimental conditions used.

4.  Conclusion

From the results of the present study it is found that the optimum 
reaction conditions for methanolysis of peanut oil (i.e., 0.5 % KOH as 
catalyst, methanol/oil molar ratio 6:1, reaction temperature 60 oC, 
rate of mixing 600 rpm and a reaction time of 90 min), provided 95 
% of biodiesel yield and for methanolysis of rapeseed oil (i.e., 1 % 
KOH as catalyst, methanol/oil molar ratio 6:1, reaction temperature 
60oC, rate of mixing 600 rpm and a reaction time of 90 min), 
provided 97 % of biodiesel yield.  Response surface methodology 
(RSM) was used to study the transesteri�cation reaction of peanut 
oil and rapeseed oil for biodiesel production.  The models showed a 
good agreement with the experimental results, demonstrating that 
this methodology was useful for optimization.  The speci�c gravity, 
viscosity, cetane index and higher heating values of biodiesel 
produced under optimized protocol in the present work were 
similar to those of mineral diesel.  However, the cloud and pour 
points of biodiesel produced were found to be somewhat higher, 
which may point to potential di�culties in cold starts and �lter 
plugging trouble.   The �ash point was noted to be higher than 
those of mineral diesel.  

Page 16



biomass & renewablesInternational Journal of

References

[1] Demirbas A. Importance of biodiesel as transportation 
fuel. Energy Policy 2007;35(9):4661–70.

[2]  Borin A, Poppi RJ. Multivariate quality control of 
lubricating oils using Fourier transform infrared 
spectroscopy. J Braz Chem Soc 2004;15:570–6.

[3]  Godoy SC, Ferrão MF, Gerbase AE. Determination of the 
hydroxyl value of soybean polyol by attenuated total 
re�ectance/fourier transform infrared spectroscopy. 

 J Am Oil Chem Soc 2007;84:503–8.

[4]  Moser BR. Biodiesel production, properties, and 
feedstocks. In vitro Cell Dev Biol-Plant 2009;45:229–66.

[5]  Hill J, Nelson E, Tilman D, Polasky S, Ti�any D. 
Environmental, economic, and energetic costs and 
bene�ts of biodiesel and ethanol biofuels. Proc Natl Acad 
Sci 2006;103:11206–10.

[6]  Moser BR, Knothe G, Vaughn SF, Isbell TA. Production and 
evaluation of biodiesel from �eld pennycress 
(Thlaspiarvense L.) oil. Energy & Fuels 2009;23:4149–55.

[7]  Moser BR, Vaughn SF. Evaluation of alkyl esters from 
Camelina sativa oil as biodiesel and as blend components 
in ultra low-sulfur diesel fuel. Bioresour Technol 
2010;101:646–53.

[8]  Davis JP, Dean LO, Faircloth WH, Sanders TH. Physical and 
chemical characterizations of normal and high-oleic oils 
from nine commercial cultivars of peanut. J Am Oil Chem 
Soc 2008;85:235–43.

[9]  United States Department of Agriculture. National 
Agricultural Statistics Service. 
<http://www.nass.usda.gov> (accessed March 2011).

[10]  O’Keefe SF,Wiley VA, Knauft DA. Comparison of oxidative 
stability of high- and normal-oleic peanut oils. J Am Oil 
Chem Soc 1993;70:489–92.

[11]  Winayanuwattikun P, Kaewpiboon C, Piriyakananon K, 
Tantong S, Thakernkarnkit W, Chulalaksananukul W, et al. 
Potential plant oil feedstock for lipase-catalyzed biodiesel 
production in Thailand. Biomass Bioenergy 
2008;32:1279–86.

[12]  Kaya C, Hamamci C, Baysal A, Akba O, Erdogan S, Saydut 
A. Methyl ester of peanut (Arachis hypogea L.) seed oil as 
a potential feedstock for biodiesel production. Renew 
Energy 2009;34:1257–60.

[13]  Perez A, Casas A, Fernandez CM, Ramos MJ, Rodriguez L. 
Winterization of peanut biodiesel to improve the cold 
�ow properties. Bioresour Technol 2010;101:7375–81.

[14]  Davis JP, Geller D, Faircloth WH, Sanders TH. Comparisons 
of biodiesel produced from unre�ned oils of di�erent 
peanut cultivars. J Am Oil Chem Soc 2009;86:353–61.

[15]  Lang X, Dalai AK, Bakhshi NN, Reaney MJ, Hertz PB. 
Preparation and characterization of bio-diesels from 
various bio-oils. Bioresour Technol 2001;80:53–62.

[16]  Lang X, Dalai AK, Reaney MJ, Hertz PB. Biodiesel esters 
 as lubricity additives: e�ects of process variables and 

evaluation of low-temperature properties. 
 Fuels Int 2001;207–27.

[17]  Gelbard G, Brès O, Vargas RM, Vielfaure F, 
 Schuchardt U F, J. Am. Oil Chem. Soc. 1995;72:1239.

[18]  Dubé, M, Zheng S, et al. A comparison of attenuated total 
re�ectance-FTIR spectroscopy and GPC for monitoring 
biodiesel production. Journal of the American Oil 
Chemists' Society 2004;81:6: 599-603.

[19]  Giuliano F Zagonel, Patricio Peralta-Zamora, Luiz P 
Ramos. Multivariate monitoring of soybean oil 
ethanolysis by FTIR.  Talanta 2004;63:1021–1025.

[20]  ASTM. American standards for testing of materials; 2003. 
(D 189–01,D 240–02, D4052–96, D 445–03, D 482–74, D 
5555–95, D 6751-02,D 93–02a, D 95–990, D 97–02).

[21]  Myers RH, Montgomery DC. Response surface 
methodology: process and product optimization 

 using designed experiments. 2nd ed. 
 USA: John Wiley & Sons; 2000.

[22]  Montgomery D C, Design and Analysiss of Experiments, 
5th edition JohnWiley & Sons, New York, 2001.

[23]  Tomasevic AV, Siler-Marinkovic SS. Methanolysis of used 
frying oil. Fuel Process Technol 2003;81:1.

Page 17



biomass & renewablesInternational Journal of

[24]  Sahoo P K, Das L M. Process optimization for biodiesel 
production from Jatropha, Karanja and Polanga oils. 

 Fuel 2009;88:1588–1594.

[25]  Prafulla D Patil, Shuguang Deng. Optimization of 
biodiesel production from edible and non-edible 
vegetable oils. Fuel 2009;88:1302–1306.

[26]  Nye MJ, Williamson TW, Deshpande S, Schrader JH, 
Snively WH, Yurkewich TP, et al. Conversion of used frying 
oil to diesel by transesteri�cation: preliminary tests. 

 J Am Oil Chem Soc 1992;71:1323.

[27]  Freedman B, Butter�eld RO, Pryde E H. Transesteri�cation 
kinetics of soybean oil. JAOCS1986;63:1375-1380.  

[28]  Fukuda H, Kondo A, Noda H. Biodiesel fuel production 
 by transesteri�cation of oils: review. 
 J Biosci Bioeng 2001;92:5:405–16.

[29]  Leung DYC, Guo Y. Transesteri�cation of neat and used 
frying oil: optimization for biodiesel production. 

 Fuel Process Technol 2006;87:10:883–90.

[30]  Meher LC, Vidya SS, Dharmagadda SNN. Optimization of 
alkali-catalyzed transesteri�cation of Pongamia pinnata 
oil production of biodiesel. 

 Bioresource Technol 2006;97:1392–7.

[31]  Usta N. Use of tobacco seed oil methyl ester in a 
turbocharged indirect injection diesel engine. 

 Biomass Bioenerg 2005;28:77–86.

[32]  Encinar JM, Gonzalez JF, Rodryguez-Reinares A. 
 Biodiesel from used frying oil. Variables a�ecting the 

yields and characteristics of the biodiesel. 
 Ind Eng Chem Res 2005;44:5491–9.

[33]  Pramanik K. Properties and use of Jatropha curcas oil and 
diesel fuel blends in compression ignition engine. 

 Renew Energ 2003;28: 239–48.

[34]  Karaosmanoglu F, Akdag A, Cigizoglu KB. Biodiesel from 
rapeseed oil of Turkish origin as an alternative fuel. 

 Appl Biochem Biotech 1996;61:3:251–65.

[35]  Gunstone FD, Hamilton RJ, editors. Oleochemical 
manufacture and applications. She�eld, U.K.:

 She�eld Academic Press; 2001. p. 107–63.

[36]  Reed TB, Graboski MS, Gaur S. Development and 
commercialization of oxygenated diesel fuels from 

 waste vegetable oils. Biomass Bioenerg 1992;3:11.

[37]  Shuit S H, Lee K T, Kamaruddin A H, Yusup S. Reactive 
extraction of Jatropha curcas L. seed for production of 
biodiesel: process optimization study. Environmental 
Science & Technology 2010;44:4361–4367.

[38]  Chen X, Du W, Liu D. Response surface optimization of 
biocatalytic biodiesel production with acid oil. 
Biochemical Engineering Journal 2008;40:423–429.

[39]  M.Y. Noordin, V.C. Venkatesh, S. Sharif, S. Elting, A. 
Abdullah. Application of re-sponse surface methodology 
in describing the performance of coated carbide tools 
when turning AISI 1045 steel.  Journal of Materials 
Processing Technology 2004, 145, 46–58.

Page 18


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47



