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1. Waste Cooking Oil
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1. Response Surface Methodology
2. Box Behnken
3. coil reactor
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Figure 1- The experimental set-up used in this study for biodiesel producing
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1. sampler
2. vial
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Figure 2- A sample of synthesized biodiesel
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Figure 3- The chromatography apparatus used in this research
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Figure 4- An example of fatty acids profile
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Figure 5- The observed reaction efficiency versus predicted reaction efficiency.
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Table 1- Analysis of variance of quadratic regression model for biodiesel conversion percent

Source Sum of Squares df Valiue PFr_oVbal>u%
Model 5634.44 14 213.18 < 0.0001
A-Time 96.34 1 51.03 < 0.0001
B-Molar ratio 370.05 1 196.01 < 0.0001
C-Microwave 1607.66 1 851.55 < 0.0001
D-Catalyst 11.08 1 5.87 0.0296
AB 14.83 1 7.86 0.0141
AC 15.12 1 8.01 0.0134
AD 42.78 1 22.66 0.0003
BC 0.23 1 0.12 0.7321
BD 0.97 1 0.52 0.4842
CD 12.11 1 6.41 0.0239
A? 27.81 1 14.73 0.0018
B’ 901.52 1 477.52 < 0.0001
c? 1842.10 1 975.73 < 0.0001
D? 51.27 1 27.15 0.0001
Residual 26.43 14 1.55 0.3567
Lack of Fit 21.01 10
Pure Error 5.42 4
Cor Total 5660.88 28
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1. Perturbation plot
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Figure 6- The perturbation plot of all the factors effect on the percent conversion of biodiesel
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Figure 7- The response level and the alignment lines of biodiesel conversion percent for reaction time variations and molar ratio
(microwave time and catalyst concentration adjusted to 1.5 and 1 respectively)
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Figure 8- The response level and the alignment lines of the biodiesel conversion percentage for the reaction time and time of the
microwave (molar ratio and catalyst concentration are adjusted to 6 and 1 respectively)
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Figure 9- The level of response and the alignment lines of biodiesel conversion percent for reaction time variations and catalyst
concentration (molar ratio and microwave time adjusted to 6 and 1.5, respectively)
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Figure 10- Optimization conditions for independent variables to maximize biodiesel conversion
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English Abstract

Biodiesel production from fish-waste oil by combining mechanical stirring

and microwave

Neda Yari', Mostafa Mostafaei’*, Leila Naderloo®, Seyed Mohammad Safieddin Ardebili*
1- Mechanics of Biosystems Engineering Department, Razi University, Kermanshah, Iran, yarineda527 @yahoo.com
2- Mechanics of Biosystems Engineering Department, Razi University, Kermanshah, Iran, b.mostafaei @razi.ac.ir
3- Mechanics of Biosystems Engineering Department, Razi University, Kermanshah, Iran, Inaderloo@gmail.com
4- Department of Biosystems Engineering, Shahid Chamran University of Ahvaz, Ahvaz, Iran, m.safieddin @scu.ac.ir
*Corresponding author

(Received: 2017.09.18, Received in revised form: 2017.11.05, Accepted: 2017.11.06)

The purpose of the present study is to produce biodiesel from fish-waste oil and methanol by combining
mechanical stirring and microwave as a technique to accelerate this process. In this research, a microwave
system was used including microwave source, stirrer, spiral tube and decanter. With the help of this system,
the effects of multiple parameters on the conversion of fatty acid to methyl ester is investigated. These
parameters include molar ratio of alcohol to oil (4 to 1, 6 to 1 and 8 to 1), catalyst concentration (0.5, 1 and
1.5 weight percent of oil), reaction time (5, 15 and 25 min) and microwave time (0.5, 1.5 and 2.5 min).
Analyzing the obtained results is performed using the response surface method and Box Behnken layout in
Design Expert 10.0 software. After analyzing the data and optimizing the biodiesel production reaction, the
highest percentage of biodiesel conversion (92.62%) was found in the catalyst concentration of 1.13%, the
reaction time of 24.61 minutes, the molar ratio of alcohol to oil of 5.55 and the microwave time of 0.5 minute.
The regression model between independent variables and dependent variable (percent conversion) was
obtained as a quadratic equation with R* = 0.9953.

Keywords: Biodiesel, Fish-waste oil, Transesterification, Microwave, Response surface method
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