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Abstract

Statistical analysis of product yield for biodiesel preparation by transesterification process was
performed using the Minitab software. A standard RSM Design tool known as CCD was applied to
study the transesterification reaction variables. The obtained parameters were verified experi-
mentally for the transesterification reaction of rubber seed oil using solid metal oxide catalyst.
The factors affecting the methyl ester yield during transesterification reaction were identified as
the catalyst content, molar ratio of oil to alcohol and reaction time. High methyl ester yield and
fast reaction rate could be obtained even if reaction temperature was relatively low, which is quite
favorable to the industrial production of biodiesel from the rubber seed oil. 98.54% of methyl es-
ter was formed from the transesterification of RSO with methanol. R-squared is a statistical meas-
ure of how close the data are to the fitted regression line. It is also known as the coefficient of de-
termination, or the coefficient of multiple determination for multiple regression. In this study, an
R2 value of 0.98 is obtained.
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1. Introduction

Biodiesel is defined as a fuel comprised of mono-alkyl esters of long chain fatty acids derived from vegetable
oils or animal fats. It is non-toxic, biodegradable and available, has a high heat value, high oxygen content (10 to
11%) and does not contain sulfurs and aromatic compounds. Biodiesel is a plant derived product and it contains
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oxygen in its molecule, making it a cleaner burning fuel than petrol and diesel. Several studies have showed that
biodiesel is a better fuel than fossil based diesel in terms of engine performance, emissions reduction, lubricity,
and environmental benefits. The current feed stocks for production of biodiesel or mono-alkyl ester are vegeta-
ble oil, animal fats and micro algal oil. Despite the considerable potential of biodiesel, the production of biodie-
sel is found to be expensive from edible oils owing to the growing demand for edible oils and the high cost of
the feedstock. According to previous reports, the raw materials for biodiesel production account for almost 75%
of the total biodiesel cost. Hence future of the biodiesel is going to be limited unless biodiesel can be extracted
from other non edible raw materials. Use of cost effective non edible oils are getting more prominence in this
context. The present investigation aims to evaluate the performance of the solid metal oxide catalyst, CaO for
the transesterification reaction of rubber seed oil. Experimental studies will be conducted to investigate the ef-
fects of main parameters, including methanol to rubber seed oil ratio, catalyst to oil weight ratio, reaction tem-
perature and reaction time to obtain the optimal condition [1]-[4].

2. Materials & Methods

Crude rubber seed oil had been selected as a potential feedstock for biodiesel preparation. Qil used is non-edible
and is commercially obtained after extraction from rubber seeds. Methanol with a purity of 99.5% and CaO (for
modification) is commercially obtained.

2.1. Biodiesel Preparation

A bench scale set-up consisted mainly of a round glass reactor placed in an adjusted temperature bath is used for
the transesterification reaction is shown in Figure 1(a). This flask was provided with condenser; magnetic stirrer
and thermometer for temperature follow up and funnel for methanol addition. A calculated amount of Calcium
oxide was dipped in sufficient quantity of ammonium carbonate solution then the mixture was stirred for 30
minutes at room temperature. After filtration and drying at 112°C till constant weight, the dried solid was milled
and sieved then calcined at 850°C for 1.5 hrs. After cooling in a dessicator to room temperature the base CaO is
ready to use. High temperature calcinations of CaO improved the performance of the catalyst [5]-[8].

Measured amount of methanol + CaO stirred by a magnetic stirrer for 10 minutes after which it was preheated
to about 65°C below the boiling point of methanol. Thereafter, oil was taken and heated to 65°C on a tempera-
ture water bath before it was poured into a blender. Methanol and prepared CaO were then poured gently into
the RSO in the blender. The entire content was allowed to blend for the required reaction time. After the com-
pletion of reaction, the reaction product was decanted from the blender & centrifuged at 6000 rpm for 10 mi-
nutes, where the CaO catalyst was separated from the reaction product. Then the supernatant product mixture
was exposed to open air for 30 minutes to evaporate excess methanol. Thereafter, it was poured into a separating
funnel and allowed to settle overnight so as to separate the glycerine from the biodiesel Figure 1(b). The lower
glycerine layer was drawn off and the upper biodiesel layer was then removed, dried and weighed [9]-[11].

2.2. Theoretical Optimization

Statistical analysis of product yield was performed using the Minitab software. A standard RSM Design tool

(b)
Figure 1. (a) Bench scale set up for biodiesel preparation; (b) product obtained after transesterification.
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known as CCD was applied to study the transesterification reaction variables. The four factors investigated were
A: Oil to Alcohol molar ratio, B: Catalyst to oil weight ratio, C: Reaction time and D: Reaction temperature. The
response chosen was biodiesel yield which was obtained from the reaction. The quality of fit for the model was
evaluated by the coefficient of determination (R?) and its regression coefficient. Significance of ANOVA was
also checked. 3-D surface and 2-D contour plots were developed using the quadratic polynomial equation ob-
tained from regression analysis of experimental data by keeping two of the independent variables at a constant
value while changing the other two variables [12]-[15].

In statistical significance testing, the p-value is the probability of obtaining a test statistic result at least as ex-
treme as the one that was actually observed, assuming that the null hypothesis is true. A researcher will often
“reject the null hypothesis” when the p-value turns out to be less than a predetermined significance level, often
0.05 or 0.01. Such a result indicates that the observed result would be highly unlikely under the null hypothesis
[16] [17].

2.3. Central Composite Design

The effect of four variables on biodiesel yield was studied by the Response Surface Methodology. Experimental
design was based on RSM analysis. For RSM analysis based on CCD, 30 experiments were performed in tripli-
cate. The variables were coded according to the equation:

X = [Xi _XO]

i AX (1)

where x; is the coded value of the i"" variable, X; is the encoded value of the i test variable and X, is the encoded
value of the i" test variable at center point. The regression analysis was performed to estimate the response
function as a second order polynomial:

n n i-1

YZﬂo"‘ZﬂoXi"'ZZﬁinixj )

i=1 i-1 j=1

where Y is the predicted response, £ and £ are coefficients estimated from regression, they represent the linear,
quadratic and cubical effect of xy, X5, Xa...... on response [18]-[20].

3. Results and Discussion
3.1. Alcohol to Oil Molar Ratio

Many researchers recognized that one of the main factors affecting the yield of biodiesel is the molar ratio of
alcohol to oil (triglyceride). Theoretically, the ratio for transesterification reaction requires 3 mol of alcohol for
1 mol of triglyceride to produce 3 mol of fatty acid ester and 1 mol of glycerol. An excess of alcohol is used in
biodiesel production to ensure that the oils or fats will be completely converted to esters and a higher alcohol
triglyceride ratio can result in a greater ester conversion in a shorter time. Yield of biodiesel is increased when
alcohol triglyceride ratio is raised beyond 3 to an optimum value which marks the maximum vyield. Furthermore
increasing alcohol amount beyond the optimal ratio will not increase the yield, but will increase cost for alcohol
recovery. In this study five experiments were conducted as shown in Table 1 varying the molar ratio of methanol

Table 1. Influence of methanol to oil molar ratio on biodiesel yield.

SINo  Methanol to oil molar ratio  Mass of oil (g) Mass of methanol (g)  Weight of methyl ester collected (g)  Yield %

1 31 130.86 14.4 111.36 85.01
2 351 130.86 16.8 117.5 89.78
3 4:1 130.86 19.2 129.11 98.66
4 451 130.86 21.6 129.6 99.20
5 5:1 130.86 24 87.24 66.67

©
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to oil, and a methyl ester conversion of 99.2% was obtained for a 4.5:1 methanol:oil molar ratio.

3.2. Catalyst to Oil Weight Ratio

Amount of CaO is vital in this transesterification process. More amount of catalyst will lead to the additional
cost as well as the complexity of the catalyst removal. The influence of amount of calcium oxide as catalyst on
biodiesel yield is shown in Table 2. As shown in Figure 2(a) the highest yield of 96.11% was obtained for a
catalyst amount of 0.76 gram (0.59 wt%). As a consequence of these results, all other experiments were carried
with a catalyst to oil ratio of 0.6:1.

3.3. Optimization of Reaction Temperature

Temperature is one of the factors that influence the reaction and yield of the biodiesel product. A higher reac-
tiontemperature can decrease the viscosities of oils and results in an increased reaction rate, and a shortened
reaction time. However, high reaction temperature can decrease biodiesel yield because a higher reaction tem-
perature accelerates the saponification reaction of triglycerides. Reaction temperature must be lower than the
boiling point of alcohol in order to ensure that the alcohol will not leak out through vaporization. The effect of
temperature in the transesterification reaction of rubber seed oil is shown in Figure 2(b). The results show that
the reaction temperature influences the formation of methyl ester (ME). The formation of ME increases with the
increase of reaction temperature but drops drastically at 70°C. The initial increase in the yield may be due to the
vaporization of the fatty acid contents in the mixture which may encourage the forward reaction to form ME
(14). At high temperatures the reaction may slows down may be due to the alcohol evaporation. As it can be
seen in Figure 2(c), high biodiesel conversions were obtained at temperatures near to the boiling point of me-
thanol (64.7°C).

3.4. Optimization of the Reaction Time

The effect of reaction time on the transesterification reaction of RSO using CaO catalyst is shown in Figure 2(a).
As reaction time increases from 1 to 5 hours, the percentage yield found to be increasing initially and found to
be decreasing at higher reaction times. A reaction time of 1.5 hours gives a maximum yield of 96.45%. In this,
effects of the process parameters such as 1) Alcohol to oil molar ratio; 2) Catalyst to oil weight ratio; 3) reaction
temperature and 4) reaction time on biodiesel yield in the transesterification reactions of rubber seed oil using
the solid metal oxide catalyst (CaO) has been analyzed. Based on this study a set of optimized conditions were
identified which has been summarized in Table 3.

3.5. Theoretical Optimization

Using software Minitab 17, factorial design with replications can be done by finding the critical process va-
riables and developing a regression model. Full factorial DOE (Design of Experiments) is a planned set of tests
on the response variables with one or more inputs (factors) with all combinations of levels. In this, first we have
to define the design and factors in the process with their low/high values as shown in Table 4.

Perform the analysis of the factorial design of the process by setting the maximum order for terms in the

Table 2. Influence of amount of CaO (catalyst) on biodiesel yield.

SINo Catalyst to oil weight ratio  Mass of oil (g)  Catalystamount (g)  Weight of methyl ester collected (g)  Yield %

1 0.2:1 130.86 0.26 107.59 82.22
2 0.4:1 130.86 0.52 117.84 90.05
3 0.6:1 130.86 0.78 125.77 96.11
4 0.8:1 130.86 1.05 105.62 80.71
5 11 130.86 131 97.15 74.24
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Figure 2. () Influence of amount of CaO (catalyst); (b) influence of reaction
temperature and (c) influence of reaction time on biodiesel yield.
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model as “2” and the assumptions are validated. Then the normal probability plot, versus fits and normal plot of
standardized effects are obtained as shown in Figure 3 & Figure 4. The results show that both normality and
constant variance assumptions were met. From the Figure 5, significant factors are obtained.

In Minitab 17, p-value is a measure of strength of evidence against null hypothesis. P-value can be defined as
the probability of getting the observed value of test statistic, or a value with even greater evidence against the
hypothesis, if it is actually true. Analysis of variance for transformed response is shown in Table 5.

Main effects plot, interaction plot, contour plots of yield % and surface plots of yield % are shown in Figures
6-9 respectively. Fits and diagnostics for unusual observations is shown in Table 6.

Table 3. Optimized conditions for Biodiesel production from RSO.

Sl No Parameter Condition
1 Alcohol to oil molar ratio 451
2 Catalyst to oil weight ratio 0.6:1
3 Reaction time 1.5 hrs
4 Reaction temperature 65°C

Table 4. Symbols & uncoded levels of parameters.

Factors Symbol Low High
Alcohol to oil molar ratio A 3 5
Catalyst to oil weight ratio B 0.2 1
Reaction time in hours C 0.25 2
Temperature in degree C D 50 70
Normal Probability Plot
(response is Yield %)
99
=
95 [
90 i ,'!"’J
80 ’,./-"f
70 ‘I
£ 60 .«’f‘
© 50 e
g 40 § L
30
20
10
5.
14 !
=10 0 5 10

Residual

Figure 3. Normal probability plot.



U. Krishnakumar, V. Sivasubramanian
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Figure 4. Residual versus fits.
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Figure 5. Normal plot of standardized effects.
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Table 5. Analysis of variance for transformed response.

Source p-value
Model 0.000
Linear 0.016
Alcohol to oil molar ratio 0.361
Catalyst to oil weight ratio 0.094
Reaction time in hours 0.017
Temperature in degree Celsius 0.037

2-way interactions

Alcohol to oil molar ratio*Catalyst to oil weight ratio 0.000
Alcohol to oil molar ratio*Reaction time in hours 0.482
Alcohol to oil molar ratio*Temperature in degree celsius 0.063
Catalyst to oil weight ratio*Reaction time in hours 0.004
Catalyst to oil weight ratio*Temperature in degree celsius 0.009
Reaction time in hours*Temperature in degree celsius 0.722
Lack of fit 0.654

Main Effects Plot for Yield %

Fitted Means

38: Alcohol to oil molar ratio:CataIyst to oil weight ratio  Reaction time in hours Temperature in degree C

37,

Mean of Yield %
w
o2

34.

Figure 6. Main effects plot.

4. Conclusion

98.54% of methyl ester was formed from the transesterification of RSO with methanol. The factors affecting the
methyl ester yield during transesterification reaction were the catalyst content, molar ratio of oil to alcohol and
reaction time. High methyl ester yield and fast reaction rate could be obtained even if reaction temperature was
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Figure 8. Contour plots of yield %.
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Surface Plot of Yield % vs Surface Plot of Yield % vs
Reaction time (h, Catalyst to oil) Reaction time (h, Alcohol to oil m)
Hold values
Alcohol to oil molar ratio 3 Hold values
R Catalyst to oil weight ratio 0.2
Reaction temperature (degree ¢) 50 Reaction temperature (degree C) 50

9% 96
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Surface Plot of Yield % vs
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Hold values
Catalyst to oil weight ratio 0.2
Reaction time in hours 1
92
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80
3 / 60
41 5 50 Reaction temperature
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Figure 9. Surface plots of yield %.
Table 6. Fits and diagnostics for unusual observation.
Obs Yield % Fit Resid Std Resid
2 96.40 83.40 12.99 2.06 R
30 76.14 91.12 —-14.98 -237R

relatively low, which is quite favorable to the industrial production of biodiesel from the rubber seed oil. Results
of optimization test showed complete formation of methyl ester under the following circumstances; reaction du-
ration: 1.5 hours, temperature: 65°C, catalyst to oil weight ratio of 0.6:1 and with an alcohol to oil molar ratio of

4.5:1. These results are compared with those obtained after theoretical optimization using Minitab software.
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