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. Micro-emulsions

. Pyrolysis

. Transesterification

. Homogeneous

Heterogeneous

. Enzymatically-Catalyzed

. Supercritical Process

. Assisted Transesterification Techniques (ATT)
. Ultrasound-assisted Technique

0. Microwave-assisted Technique
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1. Waste Cooking Oil
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1. Response Surface Methodology
2. Box Behnken
3. coil reactor



).L':.i)o FUEY- P9 4...“:3.7 L)'))SC‘)}“J l) dl}‘ albass L )5..5|) L.9>BJ'> 9 (5999 6‘14 )..u ‘S{Lmolf)\) RO )...ALSL..A \ O)L.\?
b}.wsa o..\i\)\ &)xu)\) LQV.«HLO)T o)|5>).b )| LS)’}“D A 4.._9;

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

JRogm Jawd we s 0 S aialan ¢l p Jiimn sla pio (g 5lwainge bl o - S

285 plnil (Sl jed g Toni) S 5SS b (ale wilowy (529, 5 JR3gm pdydaad S g agi (GBS (nl )0
SeS bzgeny b Oloy 9 Srep ey 9IS cdale (JSIl 4y (129, (Jge o Gezmer 2l bl ST om) 2 sl
A 0ol o 5 ol bl Design Expert 10.0 415310 5 51 oolazwl b g gewly zdaw (b, 50 S0 (S ooyl #)b
695 Glline 53U (el blie D b tiSwmy (55 52 5 s Sloyeiis 40 a5 ol (lad ool Cewsay gl
Oygotr (Unose i 90,0) ainly piie 5 e slopiie o (GomwyS ) Joe 3,1 g g (ST oo3l

\Y



6oL Hhn S3U Zaesn, LWl ley sy 950 syl ] el Cewads R2=+/340Y O g o LY 4z 0 dobe
o3l AlBs VB @y ¢/ zoein) Gloy (I L aS (gysbay wls plas og 5l 2STy eo3l 69, boyiell ple 4 cos
abadi 5 ey 5 a8l GRS sl o o ys (Gren loj Gl L crizren il oo SRS (605 Sl ot b (25T
ool Spaan 50 Jgilio 5 pelS b (Sram o 5l slejle 5 slogal Bl tals e WS e T SRl e
e bl pd 50 iz S9d oo Jo )1 50 (65 Jgilie (Giem (loj o idon b 0 g 00g (odad g o |
S laibiwl llaz o AVIFY aiin fods woyo Ve Cpgllae (a3ld jlade bazgeai; oloj 9 Sroo Oloj Sl hila
10z, ol DAY gy 4 SIS Jge Cad ¢ 2o )0 VY 5B cdale ol y oo m o dign Jlade .ol V/- ¥

10.

11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22

el Cawods YH/EY 1Slg Loy g 4B

&lw

N. Mrad, E. G. Varuvel, M. Tazerout and F. Aloui, “Effects of biofuel from fish oil industrial residue diesel blend in
diesel engine,” Energy, 44, 2012, pp. 955-963.

P. S. Nigam and A. Singh. “Production of liquid biofuels from renewable resources,” Progress in Energy and
Combustion Science, 2011, pp. 52-68.

L. Gao, G. Tang, G. Xiao and R. Wei, “Biodiesel from palm oil via loading KF/CA-AL hydrotalcite catalyst,” Bioenergy,
34, No. 9, 2012, pp. 1283-1288.

Y. Li, F. Qiu, D. Yang, P. Sun and X. Li, “Transesterification of soybean oil and analysis of bioproduct,” Food and
Bioproduct Processing, 90, 2012, pp. 135-140.

P. Shao, X. Meng, J. He and P. Sun, “Analysis of immobilized candida rugose lipase catalyzed preparation of biodiesel
from rapeseed soapstock,” Food and Bioproducts Processing, 86, No. 4, 2008, pp. 283-289.

Y. Li, F. Qiu, D. Yang, X. Li and P. Sun, “Preparation, characterization an application of heterogeneous solid base
catalyst for biodiesel production from soybean oil,” Biomass and Bioenergy, 35, No.7, 2011, pp. 2787-2795.

D. Y. C. Leung, X. Wu and M. K. H. Leung, “Areview on biodiesel production using catalyzed transesterification,”
Applied Energy, 87, No. 4, 2010, pp. 1083-1095.

A. Kleinova, I. Vailing, J. Labaj, J. Mikulec and J. Cvengros, “Vegetable oils and animal fats as alternative fuels for
diesel engines with dual fuel operation,” Fuel Processing Technology, 92,2011, pp. 1980-1986.

P. Adewale, M. J. Dumont and M. Ngadi, “Recent trends of biodiesel production from animal fat wastes and associated
production techniques,” Renewable and Sustainable Energy Reviews, 45, 2015, pp. 574-588.

N. Martini and S. Schell, Plant oil as fuels: Present state of future developments, First Edition, Germany, Berlin,
springer, 1998.

P. Felizardo, M. J. N. Correia, 1. Raposo, J. F. Mendes, R. Berkemeier and J. M. Bordado, “Production of biodiesel from
waste frying oils,” Waste Management, 26, 2006, pp. 487-494.

J. V. Gerpen, “Biodiesel processing and production,” Journal of Fuel Processing Technology, 86, 2005, pp. 1097-1107.
S. K. Karmee and A. Chadha, “Preparation of biodiesel from crude oil of pongamia pinnata,” Journal of Bioresource
Technology, 96, 2005, pp. 1425-1429.

P. Rose and M. Norris, Evaluate biodiesel made from wastes fats and oils, Final Report, Agriculture Utilization Research
Institute, Crookston, MN, USA, 2002.

G. Vicente, M. Matinez and J. Aracil, “Integrated biodiesel production: a comparison of different homogeneous catalysts
systems,” Bioresource Technology, 92,2004, pp. 297-305.

H. Y. Shin, S. H. Lee, J. H. Ryu and S. Y. Bae, “Biodiesel production from waste lard using supercritical methanol,” The
Journal of Supercritical Fluids, 61, 2012, 134-138.

L. K. Ong, A. Kurniawan. A. C. Suwandi, C. X. Lin, X. S. Zhao and S. Ismadji, “Transesterification of leather tanning
waste to biodiesel at supercritical condition: kinetics and thermodynamics studies,” The Journal of Supercritical Fluids,
75,2013, pp. 11-20.

N. Kapilan and B. Baykov, “A review on new methods used for the production of biodiesel,” Petroleum & Coal, 56, No.
1, 2014, pp. 62-73.

G. Vicente, M. Martinez and J. Aracil, “Optimisation of integrated biodiesel production, Part I: A study of the biodiesel
purity and yield,” Bioresource technology, 98, No. 9, 2007, pp.1724-1733.

A. K. Singh, S. D. Fernando and R. Hernandez, “Base-catalyzed fast transesterification of soybean oil using
ultrasonication,” Energy Fuel, 21, 2007, pp. 1161-1164.

D. M. Pranjali and B. Dorin, “Investigation of microwave dielectric properties of biodiesel components,” Bioresource
Technology, 127, 2013, pp. 1665-174.

. L. M. Das and P. K. Sahoo, “Combustion analysis of jatropha, karanja and polanga based biodiesel as fuel in a diesel

engine,” Fuel, 88, 2008, pp. 994-999.

VY



23

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.
34.

. P. Patil, H. Reddy, T. Muppaneni, S. Ponnusamy, Y. Sun, P. Dailey, P. Cook, U. Patil and S. Deng, “Optimization of
microwave-enhanced methanolysis of algal biomass to biodiesel under temperature controlled conditions,” Bioresource
Technology, 137, 2013, pp. 278-285.

R. Priambodo, T. C. Chen, M. C. Lu, A. Gedanken, J. D. Liao and Y. H. Huang, “Novel technology for biodiesel
production from cooking and waste cooking oil by microwave irradiation,” Energy procedia, 75, 2015, pp. 84-91.

M. Zare, B. Ghobadian, E. Fayyazi, GH. Najafi and B. Hosseinzadeh, “Microwave-assisted biodiesel fuel production
from waste cooking oil,” International Journal of Agriculture and Crop Sciences, 5, No. 12,2013, pp. 1314-1317.

R. Yahyaee. B. Ghobadian and G. Najafi, “Waste fish oil biodiesel asasource of renewable fuel in Iran,” Renewable And
Sustainable Energy Reviews, 17, 2013, pp. 312-319.

F. Preto, F. Zhang, and J. Wang, “A study on using fish oil as an alternative fuel for conventional combustors,” Fuel, 87,
2008, pp. 2258-2268.

Y. L Cherng, and J. Rong, “Fuel properties of biodiesel produced from the crude fish oil from the soap stock of marine
fish,” Fuel Processing Technology, 90, 2009, pp. 130-136.

M. J. Dias, M. C. M. Alvim-Ferraz and M. F. Almeida, “Production of biodiesel from acid waste lard,” Bioresource
Technology, 100, No. 24, 2009, pp. 6355-6361.

J. F. Costa, M. F. Almeida, M. C. M. Alvim-Ferraz and J. M. Dias, “Biodiesel production using oil from fish canning
industry wastes,” Energy conversion and management, 74, 2013, pp. 17-23.

C. S. Yogesh, S. Bhaskar, M. Devarapaga, L. Yun and Y. Zahira, “Fast Synthesis of High Quality Biodiesel from ‘Waste
Fish Oil’ by Single Step Transesterification,” Biofuel Research Journal, 3, 2014, pp. 78-80.

A. Demirbas, “Biodiesel production via non-catalytic SCF method and biodiesel fuel characteristics,” Energy Conversion
and Management, 47, No. 15, 2006, pp. 2271-2282.
A. Demirbas, Biodiesel: a realistic fuel alternative for diesel engines, Springer-Verlag London Limited, London, 2008.

N. Azcan, and O. Yilmaz, “Microwave irradiation application in biodiesel production from promising biodiesel fedstock
microalgae,” Proceedings of the world congress on engineering and computer science, WCECS 2012, October 24-26,
2012, San Francisco, USA.

English Abstract

Biodiesel production from fish-waste oil by combining mechanical stirring

and microwave
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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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