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ABSTRACT

The purpose of present study is direct production of biodiesel from Jatropha
curcas seed into methyl ester in batch reactor using microwave catalyzed by ZSM-5
catalyst. The triglycerides were converted to biodiesel by in-situ transesterification
conducted by microwave in presence of methanol and ZSM-5. The performance of
transesterification was investigated with four variables by response surface
methodology (RSM) based on central composite design (CCD). RSM was applied to
design the experiments and analyzed the effects of variables on biodiesel yield such
as irradiation time, agitation speed, methanol to Jatropha curcas seed ratio and
catalyst loading. The ranges of independence variables contain irradiation time (15-
35 min), agitation speed (100-500 rpm), methanol to Jatropha curcas seed ratio (6.5-
9.5 viw %) and catalyst loading (5-15 w%) . The highest yield was 88.34% at the
optimum conditions of 26.13 min irradiation time, 318.43 rpm agitation speed, 10.53
viw % methanol / Jatropha curcas seed and 10.53 w% catalyst loading. Finally, the
quality of the methyl ester product was compared to EN-14214. The 1SO-3104
(2003) and EN-14214 were used to determine the density and kinematic viscosity at
15°C and 40°C respectively. In addition, water content and acid value were
determined with ASTM 6751.
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ABSTRAK

Kajian ini adalah untuk menghasilkan biodiesel secara langsung daripada biji
Jatropha curcas kepada ester metil di dalam reaktor kelompok dengan menggunakan
gelombang micro yang dimangkinkan oleh ZSM-5. Penukaran triglisirida kepada
biodiesel adalah dengan menggunakan kaedah in-situ transesterification dimana ia
telah dilaksanakan dengan kehadiran methanol dan pemangkin ZSM-5 di dalam
gelombang mikro. Prestasi transesterification telah dikaji dengan menggunakan
empat pembolehubah iaitu kaedah respon permukaan (RSM) berdasarkan reka
bentuk komposit pusat (CCD). RSM telah digunakan untuk mereka bentuk
eksperimen dan menganalisis kesan pembolehubah pada hasil biodiesel seperti masa
radiasi, kelajuan pergolakan, nisbah metanol kepada biji Jatropha dan suapan
pemangkin. Julat pembolehubah ketidakbergantungan adalah masa radiasi (15-35
min), kelajuan pergolakan (100-500 rpm), nisbah metanol kepada benih Jatropha
curcas (6.5-9.5 v/w%) dan suapan pemangkin (5-15 w%) . Hasil tertinggi pada
keadaan optimum adalah 88.34% iaitu pada 26.13 min masa radiasi, 318.43 rpm
kelajuan pergolakan, 10.53 v/w% nisbah metanol kepada biji Jatropha curcas dan
10.53 w% suapan pemangkin. Kualiti produk ester metil telah dibandingkan dengan
kaedah EN-14214. 1SO-3104 (2003) dan EN-14214 telah digunakan untuk
menentukan ketumpatan dan kelikatan kinematik pada 15°C dan 40 °C. Selain itu,
kandungan air dan nilai asid juga telah ditentukan dengan kaedah ASTM 6751.
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CHAPTER 1

INTRODUCTION

1.1  Background of Research

Economic development comes with energy which has become significant in
the world. Consequently, because of increasing of human population and industries,
the energy consumption has been strictly rising. The energy sources are petroleum,
natural gas and coil from fossil fuel. Moreover limited resource of crude oil, fossil-
based fuel price growing and waning of gas reserves has led to focus on energy
security in every countries (Agarwal and Agarwal, 2007; Jain and Sharma, 2010).
The statistics of international agencies demonstrate that energy consumption will
grow 53% by the 2030. Requirements of petroleum derivatives have predicted that
will rise from 84.4 to 116.0 million barrels per day till 2030 only in U.S (Leverett
and Bader, 2005; "US Energy Department Website,"). Environmental concerns like
air pollution and global warming due to combustion of fossil fuels drove people to

seek non-toxic and environmentally benign fuels to reduce the pollution emissions.

Biofuels have become significant in cater the problems. Currently biodiesel
and bio-ethanol are common biofuels which are being used. Alkyl ester gains from
renewable resource like animal fat oils (Fangrui and Hanna, 1999; Sharma. et al.,
2008). Compared to conventional diesels, low emission profile, biodegradable and
non-toxic biodiesel can decrease pollutant gases especially SOx emission (Angina,
2000; Pinzli 2009) because feedstocks for biodiesel are free of or low in N, and S,
and also CO, (Fangrui and Hanna, 1999; Sharma., et al., 2008). Owing to these



benefits, methyl ester has experienced a main surge worldwide in the 21st century.
Figure 1.1 illustrates producing of methyl ester in the U.S, net export and
consumption data over the 9 years from 2001 to 2010 which shows production and
consumption of biodiesel have considerable growth. Figure 1.2 illustrates producing
biodiesel and installed capacity in the world. Fast growing in renewable fuel market

and production has estimated by the world.
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Figure 1.1  U.S biodiesel production, net export and consumption between 2001
and 2011 (Sharma et al., 2013)
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Figure 1.2  Worldwide biodiesel production and capacity (Vonortas and
Papayannakos, 2013)

Biodiesel is made up from free fatty alkyl esters (FFAE). Transestrification,
blending, micro emulsification, pyrolysis and cracking are procedures to produce
biodiesel. Transesterification reaction is the foremost way to convert edible
vegetable oil, non-edible vegetable oil or animal fat with alcohol and a catalyst to
fatty acid methyl ester (FAME) (Fangrui and Hanna, 1999; Sharma., et al., 2008).
Figure 1.3 demonstrates the totally transesterification stoichiometry with alcohol and
catalyst. Figure 1.4 has shown a reversible and stepwise reaction (Freedman, 1986).
Therefore, an extra amount of alcohol commonly utilized to break the equilibrium to
gain a complete reaction. The main process to produce biodiesel is utilizing
homogeneous base catalysts such as alkaline metal alkoxides (Schwab et al., 1987)
or hydroxides (Tanabe and Hdlderich, 1999). Figure 1.5 demonstrates a typical
conventional process flow schematic for biodiesel production by homogeneous
transesterification (Gerpen, 2005). The whole process consists of the reaction
followed by a downstream processing. The process includes separation section
(biodiesel and glycerol, biodiesel and methanol), neutralization of homogeneous
base catalysts, washing steps and the catalyst recovery and excess methanol.
Although, homogeneous catalysts cause a better reaction rate than heterogeneous

catalysts, complicated downstream processing results in low production efficiency.



Indeed, excess alcohol recovery and catalysts causes consume more energy and cost
(Corma and Iborra, 2006).

CH,OCOR CH,OH
CHOCOR+ 3 R'OH=—= CHOH + 3 R'OCOR

CH,OCOR CH,OH
Triglyceride Alcohol Glycerol Alkyl Ester

Figure 1.3  Overall transesterification reaction of triglycerides by alcohol,
R’OH-alcohol; R -long chain alkyl groups (Otera, 1993)
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Figure 1.4  Stepwise triglycerides  transesterification reactions by alcohol
(Freedman, 1986)

In addition, the washing step to remove homogeneous catalysts discharges a
enormous amount of wastewater (Fukuda et al., 2001) which is not environmentally
benign. Using homogeneous catalysts instead of homogeneous catalysts is the main

option to overcome drawback of them.

Economically and environmentally heterogeneous catalysts have some
advantages over catalysts. Easier separations from the liquid and long life times are
advantages of heterogeneous catalysts which can cause cost reduction of biodiesel
production (Gryglewicz, 1999).They are also more environmentally benign for the
reason that they present fewer disposal problems (Helwani et al., 2009) due to these

advantages over homogeneous catalysts; heterogeneous catalysts for biodiesel



production have obtained increased attention lately. Both solid acid and solid base

catalysts have been used as catalysts in transesterification reactions.
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Figure 1.5  General process flow schematic for biodiesel production via
homogeneous base catalyzed transesterification (Gerpen, 2005)

The cost of biodiesel commercialization is roughly 1.5 times more than
producing petroleum diesel fuel which is the significant issue because of vegetable
oil cost (Chen et al., 2012). Significant factors such as raw material selection and
process used in the biodiesel production influence the production cost. In situ
transesterification or reactive extraction known as a single step and integrating the

extraction and reaction can reduce the biodiesel production cost.

Some factors such as alcohol/oil ratio; reaction temperature, reaction time
and quantity of catalyst are significant to produce biodiesel. Catalytic reactions can
use alkali catalysts, acid catalysts, or enzymatic transesterification, of which the first
achieves the best results. The conventional sample heating has some important
problems, like heterogenic heating of the surface, limitations dependent on the
thermal conductivity of materials, specific heat, and density compared to microwave
irradiation (Metaxas, 1996), and thus many research groups have recently focused on

the latter approach (Chen, et al., 2012; Motasemi and Ani, 2012). Previous studies



announced that microwave-assisted chemical reactions are better than those gained
using other synthetic techniques and that microwave heating systems can increase
the reaction rate, product yields, and products purity (Geuens et al., 2007; Yuan et
al., 2008; Zhang et al., 2010).

1.2 Problem Statement

Due to the petroleum reserves waning, rising requirement of energy,
increasing environmental concerns because of rising toxic gas emission, and
petroleum prices skyrocketing there is more need to renewable, biodegradable and

alternative energy sources such as biodiesel.

Vegetable oils, edible and non-edible vegetables oils, as renewable energy
become important feedstock for biodiesel production in nature. Biodiesel growth,
increasing food supply cost and the negative of food versus fuel competition for
lipids lead to focus on the development of new resources for lipids, often with stress

on non-edible feed stocks such as Jatropha.

The catalyst for transesterification process can be homogeneous or
heterogeneous, basic, acid or enzyme catalyst. The higher temperature reaction is
one of the disadvantages of enzyme catalyst is costly and also become inactive after
reaction. With homogenous base catalysts, elimination catalyst from the biodiesel
requires a more purification step, which leads to price rises of biodiesel production.
Regarding to heterogeneous base catalyzed transesterification still some
disadvantages exist due to formation soap for feedstock with FFA levels exceeding
4% and elimination of soaps from the products, which requires great amount of
water. However, acid heterogeneous catalysts are can be rapidly separated from the
product by filtration, which reduces the washing requirement. In addition, acid
heterogeneous catalysts can stimulatingly catalyze the transesterification and
esterification reaction that can avoid the pre-esterification step, thus these catalysts

are particularly useful for those feedstocks with high free fatty acid content



(Mangesh, 2006). Therefore acid heterogeneous catalyst can be considered as one of

the best preferences for transesterification reaction of biodiesel production.

In addition, the common heating of a sample leads to important problems
such as specific heat, limitations dependent on the thermal conductivity of materials,
heterogenic heating of the surface, and density in comparison with microwave
irradiation (Wali et al., 2013). Therefore, more studies have lately stressed on the
new approach such as microwave irradiation and ultrasound. Survey showed that
microwave-assisted chemical reactions are preferred rather than utilizing other
synthetic methods since microwave heating systems can enhance product yields, the
reaction rate, and products purity (Barnard et al., 2007; Chen, et al., 2012; K.-S.
Chen et al., 2012; Motasemi and Ani, 2012).

1.3 Hypothesis of Research

The hypothesis of the research is that ZSM-5 catalyst will have high activity,
as well as separating will be easy in order to carry very well out in biodiesel
production from Jatropha curcas which have a high free fatty acid (FFA). Directly in
situ esterification followed by transesterification using heterogeneous acid catalyst
can be led to produce biodiesel in short period of time from jatropha seed by

microwave assisted.

Producing biodiesel in microwave will increase biodiesel yield as well as

simplify converting Jatropha oil to better quality production.



1.4 Objective of Research

The objectives of research are:

I. To test feasibility of using ZSM-5 as a heterogeneous catalyst to produce
fatty acid methyl ester from Jatropha curcas seed by microwave
ii.  To investigate effect of different variables such as irradiation time, methanol/
oil ratio, catalyst loading and agitation speed on yield of methyl ester.
iii.  To optimize the effective variables on biodiesel production by using response
surface methodology.

iv.  Application of in-situ process for biodiesel production

1.5  Scope of Research

Scope of this study was focused on designing batch reactor in microwave
oven at the laboratory scale for in-situ transesterification of Jatropha curcas seeds.
This procedure was carried out by ZSM-5 as heterogeneous acid catalyst to produce

cost effective and sustainable biodiesel with high yield.

Jatropha curcas seed was used as the raw material for transesterification.
Microwave irradiation heating systems was used to enhance the purity of products,
the reaction rate and product yields. To conduct the process preparation of Jatropha
curcas seed, in-situ transesterification and purification (evaporation, filtration, etc.)
were carried out.

Process parameters including, methanol /Jatropha curcas seed ratio, catalyst
concentration, reaction time, and agitation speed were studied. In addition, design
expert software was used to design and optimize the process. Biodiesel production

was performed to decrease the reaction time and cost hopefully.



1.6  Significance of Research

This research comes up for the first time to produce biodiesel from Jatropha
curcas seed in a microwave system with ZSM-5 catalyst, which helping for ease of
converting seed to high quality biodiesel in a single reactor, thus reducing number of
process units found in other processes. Furthermore, finding of this research work
shows the possibility of biodiesel production by one step in-situ method from
Jatropha curcas seed, non-edible sources with economical and high free fat acid

feedstock with heterogeneous acid catalyst in a batch reactor.

Moreover, this study by using RSM method indicated the optimization and
modeling of the biodiesel production by utilizing microwave irradiation for in-situ
transesterification method. By this study we made an attempt to discover one of the
best methods to reduce the cost biodiesel synthesis with inedible feedstock by

elimination of oil extraction step from seed.
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