Production of Fatty Acid Methyl Esters (FAME) from Ceiba Pentandra Using

Microwave Assisted Technique and Benzyltrimethyl Ammonium as Catalyst

by
Rhamadril Rafiq Johari
14406

Dissertation submitted in partial fulfilment of
the requirements for the
Bachelor of Engineering (Hons)

(Chemical Engineering)

JANUARY 2014

Universiti Teknologi PETRONAS
Bandar Seri Iskandar

31750 Tronoh

Perak Darul Ridzuan



CERTIFICATION OF APPROVAL

Production of Fatty Acid Methyl Esters (FAME) from Ceiba Pentandra using
Microwave Assisted Technique and Benzyltrimethyl Ammonium as Catalyst

by

Rhamadril Rafiq Johari

A project dissertation submitted to the
Chemical Engineering Programme
Universiti Teknologi PETRONAS

in partial fulfilment of the requirement for the
BACHELOR OF ENGINEERING (Hons)

(CHEMICAL ENGINEERING)

Approved by,

[
(AP/DKSuzAgd fus}up)
UNIVERSITI TEKNOLOGI PETRONAS

TRONOH, PERAK

January 2014



CERTIFICATION OF ORIGINALITY

This is to certify that I am responsible for the work submitted in this project, that the
original work is my own excepts as specified in the references and
acknowledgements, and that the original work contained herein have not been

undertaken or done by unspecified sources or persons.

RHAMADRIL RAFIQ JOHARI

i



ABSTRACT

Being known as one of the most important source of energy, fossil fuel is
definitely the most desirable one due to its great advantages and potentials.
Unfortunately, as time goes by, people around the globe are aware of the fact that the
total amount of the fossil fuel is depleting each day up to 2013. Nevertheless, the
circumstances somehow act like a ‘wake up call’ for another renewable and
sustainable source of energy, which is named as Biodiesel. This is one of the latest
technologies that is currently undergoing massive researches since it is the most
suitable to replace the fossil fuel in the future for the sack of the next generation. The
idea of producing Biodiesel by using 2-step transesterification and conventional
solvent, methanol and catalyst Potassium Hydroxide (KOH) and sulfuric acid,
H2S04 respectively has been well established worldwide. Hence, this project is
about to make huge modification; in which Ceiba Pentandra (Kapok seed oil) is still
chosen as the raw material and methanol as the solvent whereas the catalyst will be
replaced by an amine based catalyst, Benzyltrimethyl Ammonium. Hence, the main
purpose of the project is to discover the optimum parameters such as the methanol to
oil ratio, catalyst concentration, microwave irradiation time and temperature only by
applying 1-step transesterification process only with the assistance of energy
stimulant microwave technique. Based from the results, the highest FAME yield
(89.81%) is obtained at the methanol to oil ratio is 14:1, 3% catalyst concentration,
70 degree Celcius for 2 minutes irradiation time. Furthermore, the application of
microwave technique has successfully reduced the reaction time as well as the total
energy consumption for the transesterification process. Lastly, the properties of the
FAME produced under the optimum parameters are characterized by using the
international standard of Biodiesel (ASTM 6751 & EN 14214).
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CHAPTER 1

INTRODUCTION

1.1  Background

2013, the era in which oil acquisition and consumption is dominating the course of
national and international politics throughout the globe, thoroughly. The truth is our
dependence on oil is responsible for many of the greatest environmental, health, and
security problems faced by the nation nowadays as quoted from the Diesel Fuel Tech
Review (2007). Therefore, searching for a light to ease our dependence on oil will
certainly present one of the biggest challenges of all. In 2010, diesel fuel accounted
for 4625 kt of oil equivalent of total vehicle fuel consumption in Malaysia which is
so much higher from the consumption in 1971, that is 630 kt of oil equivalent. The
introduction of a new technology known as Biodiesel is one of the most practical and
effective solution to overcome this crucial issue. Knothe (2007) defined it as the
mono alkyl ester of long chain fatty acid derived from the vegetable oil and animal
fat. Air Quality UK (2011) states that its main advantages are relatively clean-
burning, renewable fuel produced from new and used animal and vegetable oil and
others. Moreover, Biodiesel has three large potentials over regular petroleum diesel.
First, it is not a petroleum-based fuel and this indicated that it would reduce our
dependency on foreign oil. Next, biodiesel is produced domestically and by doing so,
it creates job opportunities and contributes to local economies nationwide. Last but
not least, Biodiesel is much cleaner than conventional diesel since it produces less
harmful emissions than regular petroleum diesel, especially when it is burned in a
combustion engine. Nevertheless, direct utilization of vegetable oil is not
recommended due to viscosity problem (Ramadhas et al., 2003). As far as the author
concern, up to this extent there is no reported literature emphasizing on utilization of
Ceiba Pentandra seed oil by using microwave technique for biodiesel production as
well as choosing Benzyltrimethyl Ammonium as the catalyst. Therefore, this project
attempts to explore the potential of utilizing Ceiba Pentandra seed oil as the
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biodiesel feedstock by using microwave technology and the particular catalyst

mentioned previously.

Based from the Olduvai theory, the life expectancy of Industrial Civilization is
approximately 100 years; the range of 1930 to 2030. Institute on Energy and Man
(2001) has found that during the period there will be a fall of the Industrial
Civilization due to the depreciation of fossil fuel. The worst impact is the human
civilization will be facing the fate of collapse. Nevertheless, it is found that the global
population is expected to increase by approximately 3 billion people by 2050.
Apparently the extreme increment will certainly create a major problem as well as
affecting the population, industry, transportation and eventually the cost of fossil
fuels will grow dramatically. Therefore, the highly potential and latest technologies
are needed for fuel extraction by using feedstocks, which will not threaten food

security, cause minimal or even no loss of natural habitat and soil carbon.

Furthermore, waste management has to be improved and environmental pollution
should be minimized or eliminated. Fortunately, Biodiesel from plant biomass are
sustainable and provide clean energy for the coming generations. In fact, the
technology is expected to foster recycling of agricultural feedstocks and also improve
soil fertility and human health.

1.2 Problem Statement

i.  What are the optimized conditions for the production of Ceiba Pentandra
biodiesel using microwave assisted technique, with the presence of
Benzyltrimethyl Ammonium as the catalyst?

ii. Will microwave assisted technology and Benzyltrimethyl Ammonium
enhance the oil and fatty acid alkyl ester yield derived from Ceiba Pentandra
seed?

iii. Will energy consumption be reduced with the application of
microwave assisted transesterification as opposed to conventional
transesterification process?

iv. How significant is the difference of composition, yield and conversion of

FAME if compared with the research done previously using conventional
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catalyst (KOH) and 2-step process.

1.3 Objectives

i.  To investigate the optimum operating condition for the microwave assisted
transesterification of Ceiba Pentandra seed oil including the effects of
solvent to oil ratio, catalyst concentration, microwave irradiation time and
temperature by using Benzyltrimethyl Ammonium as the catalyst.

ii. To characterize the oil and the biodiesel product following
international standard (ASTM 6751 & EN 14214).

1.4 Scope of Study

For this project the scope of study will be only on the lab scale since many
experiments will be conducted in order to investigate the associated parameters such
as the solvent to oil ratio, concentrations of catalyst, time and temperature and the
effects on the esterification and transesterification process accordingly. Furthermore,
this project will also focus on the significance of using the microwave techniques
since the previous studies show that it has produced positive outcomes in terms of
the reaction rates as well as the alternative routes, if relatively compared with the
conventional heating. The response surface methodology (RSM) which is a
collection of mathematical and statistical techniques for empirical model building
will be used for the optimization purpose. Moreover, comparison will be made
between results of experiments by using both types of heating, with the
presence of Benzyltrimethyl Ammonium as the catalyst. Plus, study will also be
made to see if microwave heating is able to reduce the overall energy
consumption for biodiesel production. Lastly, the biodiesel produced from
optimized condition with highest yield is to be characterized and compared with
the international standard of biodiesel. The European biodiesel standard, EN
14214 and American standard, ASTM 6751 are used as reference. The properties

of biodiesel to be characterized are:
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CHAPTER 2

LITERATURE REVIEW

2.1 Ceiba Pentandra and Benzyltrimethyl Ammonium

Kapok tree or its scientific name ‘‘Ceiba Pentandra’ is one of the most gigantic
trees found in the jungle. The main reason is merely because it can reach up to 200
feet in height, in fact, it can possible grow as much as 13 feet per year. Moreover,
the trunk can expand up to 10 feet in diameter and basically it acts as the shelter to
the variety of species including frogs, birds and others. One of the typical
properties of this tree is the seeds will be blown into open areas, which means it
could be the first to colonize open areas in the forest. Nevertheless, the kapok tree
spread its seeds at its best, in which there will be producing anywhere between 500
and 4,000 fruits at once, and each fruit containing up to 200 seeds. Then these fruit
burst open, silky fibers spread the many seeds all over the forest. In most cases, it
is found throughout the Neotropics, from southern Mexico to the southern Amazon
and even some parts in West Africa. In terms of the advantages, Kapok tree is also
useful to the daily life since it used as an alternative to downas filling
in mattresses, pillows and others but in this project the main part of this tree to be
investigated is its seed oil, which is highly potential in the production of Biodiesel.
Plus, the unconventional catalyst used in this project is known to be
Benzyltrimethyl Ammonium. It is strongly believed that this particular catalyst will
give significant effects on the production of the Fatty acid methyl esters when
associated with appropriate solvents under certain temperature and pressure.
Certain physiochemical properties of Ceiba Pentandra seed oil have been
analyzed by Salimon and Khairul Asmak (2005) and it is shown in Table 2.1.

Table 1: Physiochemical properties of Ceiba Pentandra seed oil

Properties Average value
Water content (%) 0.04
Refractive index (at 28<C) 1.46
Free Fatty Acid, FFA (%) 15.3




Saponification value (mg/g) 208

Iodine value 104

The fatty acid composition of Ceiba Pentandra seed oil shown in 7able

2.2 was presented in different research work.

Table 2 : Fatty acid composition of Ceiba Pentandra

Fatty Acid Composition (wt%)
Yusup et al.

Ceiba Pentandra seed oil | Berry, K. (1979) | Enser, M. (1991)
Caproic acid (C16) - - 9.42
Myristic acid (C14) 0.25 - -
Palmitic acid (C16) 2431 20.90 23.17
Palmitoleic acid (C16:1) 0.40 - -
Stearic acid (C18) 2.65 13.70 4.73
Oleic acid (C18:1) 21.88 20.80 22.88
Linoleic acid (C18:2) 38.92 42.60 30.00
Linolenic acid (C18:3) 1.00 1.9 -
Arachidic acid (C20) - - 1.18

From the table above, it shows that the value of fatty acid was determined in weight
percentage and it can be directly seen that Ceiba Pentandra seed oil contained high
linoleic acid (unsaturated fatty acid). In fact, any oil containing unsaturated fatty acid
is probably an excellent oil for engine performance during cold weather after
conversion to biodiesel (Yusup and Khan, 2010).

Please take note that the determination of free fatty acid (FFA) content in the
oil is crucial before proceeding to transesterification process. For instance,
feedstock containing less than 2 to 3% of FFA content, required no pre-treatment
process and one-step direct transesterification reaction is sufficient enough to
produce high quality biodiesel (Thamsiriroj and Murphy, 2010). Higher content of
FFA will reduce the overall conversion of FFA to FAME through base

catalyzed transesterification. Consequesntly, two-step acid catalyzed esterification



and Dbase-catalyzed transesterification process have been introduced to reduce the
FFA content in seed oil to less than 1% and maximize the conversion of FFA to
FAME (Ye et al., 2010).

22 Esterification and Transesterification

Basically esters are derived from carboxylic acids. However, esterification is
relatively slow although it can give higher biodiesel yield compared to
transesterification reaction and it requires the reactor to be in acidic environment
(Dube et al., 2007). Naturally a carboxylic acid contains the -COOH group, and in an
ester the hydrogen in this group is replaced by a hydrocarbon group. In most cases
the hydrocarbon group is alkyl, but it is also possible to have aryl groups.
Esterification takes place when carboxylic acids are heated with alcohols in the
presence of a catalyst (acid or alkali) and it is usually concentrated sulphuric acid.
Moreover, take note that it is both slow and reversible reaction. The equation for the
reaction between an acid RCOOH and an alcohol R'OH (where R and R' can be the

same or different) is:

4 F
e’ + ROH rc?”  + H0
O-H oA

Figure 1: The esterification process

For instance, to produce ethyl ethanoate from ethanoic acid and ethanol, the equation
would be:

/O 4(0
CH3-C< + CH3CHOH ————= CH3-C + H20
O-H O-CH>CH3

Figure 2: The example of an esterification proces

These soap and emulsion formations make separation of product and by-product
of biodiesel become longer and harder (Serioet et al., 2008). Therefore, acid
catalyzed esterification reaction is essestial to reduce the FFA content in the seed oil

below 1% to avoid shortcoming of the subsequent reaction, which is



based-catalyzed transesterification (Gerpen, 2005).

Next term is known as transesterification process, which means a reversible reaction
in which one ester is converted into another (as by interchange of ester groups with
an alcohol in the presence of a base). Also known as alcoholysis, transesterification
is the well-established chemical reaction of vegetable oils and animal fats with an
alcohol to from fatty acid alkyl esters and glycerol (Leung et al., 2010). Yan et al.
(2009) states that the main objective of transesterification is to overcome
problems due to the fact that vegetable oils and animal fats cannot be used
directly in diesel engines because of the nature of its high viscosity and low
volatility. Since the reaction is reversible, excess alcohol is practically used to shift
the equilibrium to the product side and thus raising the product yield (Srivastava and
Prasad, 2000).

O O

ROH + /LR R'OH + /I]\

Ruo R.O

R

Figure 3: The transesterification process

In short, it merely mean the addition of alcohol to the ester to produce different
alcohol as well as different ester. This process has few applications in daily life such

as the Polyester production, Methanolysis and biodiesel production and others.

2.3  Effects of Solvent and Catalyst

It is good to acknowledged that most of the biodiesel nowadays is
produced from the refined or edible type oils by using the conventional catalyst and
solvent, methanol and an alkaline catalyst respectively. Although it is presumed that
there will be no problems regarding the sources of the raw materials, one of the main
drawbacks of the alkaline-esterification of these oils is that they normally contain
large amounts of free fatty acids (FFA). What happen is that these FFAs will

promptly react with the alkaline catalyst to produce soaps, which will then prevent
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the separation of ester and glycerin. Therefore, a two-step transesterification process
is introduced in order to convert the high FFA oils to its mono-esters. In short, there
are two main mechanisms involved for this process to occur successfully. HJ
Berchmans (2008) states that acid catalyzed esterification reduces the FFA content
of the oil to less than 2% whereas during the second step, alkaline catalyzed
transesterification process converts the products of the first step to its mono-esters
and also glycerol. Bear in mind that the major factors affecting the conversion
efficiency of the process are the molar ratio, amount of catalyst, reaction
temperature as well as the reaction duration. Eventually, this project is expected to
support the production of biodiesel from the Kapok seed oil as a viable alternative to
the diesel fuel by using the Benzyltrimethyl Ammonium as the high potential
catalyst.

24 Microwave Technique

As discussed previously, most high potential raw material sources to produce
biodiesel oils are characterized by their high free fatty acid contents. Up to this
extent, the conventional transesterification technique for the production of biodiesel
has already been well established. Plus it is is the best and easiest step in producing a
cleaner and environmental friendly fuel (Meher et al., 2006). Therefore, for this
project, the study is very much interested to investigate an alternative energy
stimulant, known as the ‘microwave irradiation’, to produce of the sustainable energy
source, biodiesel. Since the optimum parametric conditions from the conventional
technique have becn obtained in the previous studies, hence this technique will be
utilized for the purpose of comparing the two different systems. The good news is
that previous study showed that the application of radio frequency microwave energy
eventually provide a fast and easy route with several advantages such as enhancing
the reaction rate and also improving the separation process. From the research done,
Reefat et al. (2008) obtained the optimum parametric conditions for biodiesel
production by using used cooking oil and the conventional heating technique and it
was compared with the microwave irradiation method. Under the same optimal
reaction conditions, microwave irradiation was able to make the production of
biodiesel very fast (2 minutes) compared with the conventional technique (60
minutes) and also increased the yield to 100%. Lertsathapornsuk et al. (2003)

9



reported that the microwave irradiation has successfully decreased the reaction time
in 10 seconds to complete the transesterification process from used cooking oil.
Also, Kumar et al. (2011) investigated the  microwave  assisted  alkali
catalyzed transesterification of Pongamia pinnata seed oil. It was found that the
biodiesel was succesfully produced by microwave assisted reaction within 5-10
minutes compared to conventional heating which required about 3 hours for the
reaction. Overall, researches had proven that microwave assisted technique enhance
the production of biodiesel in terms of reaction time and yield. Thus, the project will
concentrate on exploratory of utilizing microwave technology with Ceiba Pentandra
as the feedstock for biodiesel production and the presence of Benzyltrimethyl
Ammonium as the catalyst.

10



CHAPTER 3

METHODOLOGY

3.1 PROJECT FLOW CHART

Separation product

Set up of microwave

Proce
optir

Figure 4: Flow chart of research activities

Cooline water ouder
Cooling »ater inlec {
1 Reflux
Challey condense
“lixing tank licrowave asasted Froduct
transestenfication o collectorwmmt
satakeat)

Figure 5: Block diagram of the proposed experimental process
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Figure 6: Schematic diagram of microwave system for batch experiments 1.
Microwave oven, 2. Condenser, 3. Thermocouple, 4. Three-neck round bottom flask,

5. Magnetic bar, 6. Base

3.1.1 Acidity Test
Acidity test is done to check the free fatty acid content (FFA) in the crude kapok seed
oil as well as the esterified seed oil. The manual titration is an adaptation of AOCS
Method Cd 3d-63.

Reagents:

Titrant : KOH (85% Assay); 0.66g KOH/500mL Isopropanol = 0.02M Solvent
Isopropanol:Toluene ratio (1:1)

Indicator : 1.0 g Phenolphtalein/100mL Isopropanol = 1%

Procedure:

1. KOH titrant is filled into a burette and the initial volume is noted.
2. 25mL of solvent is poured into a conical flask with 2 — 3 drops of indicator.
3. Titrant is added into the solvent drop-wise with regular stirring until faint
pink colour remains.
4. The amount of titrant used is recorded.
2 g of sample (exact weight is noted) is added into the flask and mixed well.
6. KOH titrant is again added drop-wise with regular stirring until faint pink

colour remains.
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7. The volume of titrant used is recorded.

The equation below is used to determine the acid value of kapok seed oil:

{A—B) X M X MWypn
w

Acid value =

Where, A = Volume of titrant used for sample
B = Volume of titrant used for blank
M = Molarity of titrant
MW = Molecular weight for KOH W = Exact weight of sample

3.1.2 Esterification

Esterification which uses acid as catalyst is aimed to reduce the free fatty acid (FFA)
content in the oil to less than 1%. Itis vital to prevent the occurrence of
saponification in transesterification later on. Hence, separation of biodiesel from by-
products will be easier and it also increases the yield of biodiesel. The operating
conditions of acid esterification are at 65°C, 10:1 molar ratio of methanol to oil, 1

wt% catalyst and 5 minutes reaction time.

Procedure:

1. 250g of kapok seed oil is weighed.

2. Measuring cylinder is used to measure methanol of 10:1 molar ratio to oil.

3. 1.0 wt% of sulphuric acid is added to mix with the sample and methanol.

4. The mixture is then poured into the three-neck round bottom flask and heated
to 65 °C in the microwave system.

5. When the temperature reaches 65 °C, the heating is continued for 5 minutes.

6. Upon completion of reaction, the content is poured into a separating funnel
and left to settle into two layers for 24 hours.

7. The lower layer of by product is removed.

13



8. Warm de-ionized water is used to wash the esterified oil for several times

until the pH value of washing water close to 7.0.

3.1.3 Transesterification

Transesterification process converts long chain of fatty acid in the seed oil to mono-
ester. The process reduces the viscosity of the oil and fats, so that it can be used as
proper alternative for diesel fuel. The experiments are designed using the response
surface methodology (RSM) to investigate the optimized conditions for production of
Ceiba Pentandra biodiesel using microwave assisted technique. The main idea of
RSM is to use a sequence of designed experiments to obtain an optimal response. It
is able to explore the relationships between several explanatory variables and one or
more response variables. Table 3.1 shows the designed experiments which consist of
30 runs where the variables being studied are methanol-to-oil ratio, amount of

catalyst, reaction temperature and reaction time.
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Table 3.1: Designed experiments for transesterification

_— Methanol:Oil | Catalyst amount| Temperature Time
(wt%) (degree Celcius) (min)
1 10.00 2.00 55.00 0.50
2 10.00 4.00 55.00 3.50
3 10.00 2.00 55.00 3.50
- 14.00 3.00 70.00 2.00
> 10.00 2.00 55.00 3.50
6 14.00 1.00 40.00 5.00
7 6.00 1.00 70.00 2.00
8 6.00 3.00 70.00 5.00
Procedure:

1.
2.
9

50g of kapok seed oil is weighed.

Measuring cylinder is used to measure the ratio of methanol required.
Benzyltrimethyl Ammonium is added and mixed with the sample and
methanol.

The mixture is poured into the three-neck round bottom flask and heated to

the desired temperature in the microwave system.

5. The reaction is started once the desired temperature is reached.

Upon completion of reaction, the content is poured into a separating funnel
and left to settle into two layers for 24 hours.

The lower layer of by product is removed.

8. Warm de-ionized water is used to wash the esterified oil for several times

until the pH value of washing water close to 7.0.
Rotary evaporator is used to remove excess moisture and methanol from the

biodiesel.

10. 20 wt% of sodium thiosulphate is used to remove moisture from the oil.
11. The sodium thiosulphate is filtered off from the oil after around 1 hour.
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3.1.4 Characterization of Biodiesel

The biodiesel produced from each run of experiment will be analyzed for the
percentage of fatty acid methyl ester (FAME) using the gas chromatography. Upon
obtaining the response of each run, the results are used in RSM to obtain the
optimized conditions for highest yield of biodiesel production. The quality attributes
and fuel properties of the biodiesel produced under the optimum conditions will be
evaluated by determining its physical and chemical parameters. The properties to
be tested include density, acid value, water content, flash point, cloud point, pour
point, oxidative stability, kinematic viscosity, cetane number, higher heating
value, sulphur content, and cold filter plugging point following recommended
American Standards for Testing and Materials (ASTM 6571) and European
Standard (EN14124).

3.2 Key Milestone

- Literature Review
Problem Statement and Objective of i Experiment Design

the Project

Documentation and Reporting

Data Analysis and Interpretation

Figure 7: Key milestone
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3.2 Gantt Chat

Tim<hines for FYP 2

Table 3.2: Gantt Chart
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CHAPTER 4

RESULTS AND DISCUSSION

4.1 Acidity Test of Crude Kapok Seed Oil (KSO)

It is necessary to conduct the acidity test before proceeding to the transesterification
process in order to check the acid value and the percentage of Free Fatty Acid
(FFA).Three tests have been performed and the value obtained for the average acid
value and percentage of FFA is 11.28 mg KOH/g oil and 5.64% accordingly. In order
to avoid the soap formation during transesterification, the acid value should not
exceed 1%. However, since this project will apply the 1-step process (skip
esterification), therefore it is expected that the presence of catalyst, Benzyltrimethyl
Ammonium, will increase the product yield as well as its conversion rates regardless
of the high initial acid value.

Table 5: The average acid value for the KSO

No. of titration s Valu:ii;ng T Free Fatty Acid (%)
1 1129 5.65
2 I 5.63
3 1.5 5.64
Average 5.64

4.2 Transesterification

For this experiment, 8 runs have been conducted in order to obtain the optimum
parameter. Each run has different condition in terms of the catalyst concentration,
methanol to oil ratio, temperature and the irradiation time. The oil is left for 24 hours
for the separation process to to take place in a separating funnel as shown in the

figure below.
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Figure 1 : Separation of product after 24-hour transesterification

Once the separation is completed, the lower layer (by-product) is removed carefully

and the upper layer is kept in the bottle to be analyzed accordingly. The mass of the

product and by product is weighed and recorded in a table.

42.1 Acidity test of Kapok Oil Methyl Ester (KOME)

The acidity test of KOME is also tested for every run to find the relationship between
the different parameters and the reduction of acid value. The tests were conducted

twice and the average value is tabulated to be analyzed. The results are shown in the

table below:
Table 6: The acid value for KOME
Acid Value
Sample FFA (%)

1 2 Average
1 2.68 2.69 2.69 1.34
2 2.70 2.72 2.71 1.36
3 2.65 2.64 2.65 1.32
“ 2.81 2.84 2.83 1.41
5 271 2.78 278 1.37
6 2.36 2.39 2.38 1.19
2.60 2.61 2.61 1.30
8 2.87 2.86 2.87 1.43

From the table, it can be seen that the average acid value is two and above but still

below three. The values are relatively lower than the initial acid values but it is

19




higher if compared with the European Biodiesel standard, EN14214 and American
Standard ASTM 6751, which biodiesel should have acid value below 0.5 mg KOH/g
oil. Moreover, it can be seen that the different in parameters do not have any

relationships or trend with the acidity of KOME.

4.2.2 KOME Yield
The samples are then analyzed by the Gas Chromatography to obtain the yield. The

results are shown in the table below:

Table 7: The FAME yield for each sample

Sample FAME yield (%)

78.06

85.26

81,29

89.81

79.59

87.26

35.06

0 N N W | W N ==

60.51

The FAME conversion percentage is calculated from the chromatograms obtained
from Gas Chromatography as attached in the Appendix A. The internal standard used

is known as Methyl Nanodecanoate. The equation is shown below:

C= XA-Ars X Cls:lVls X 100

Ajs
Where Y A = Total Peak Area
Ajs = Peak area of internal standard
Cjs = Concentration of internal standard (1 mg/ mL)

Vis = Volume of internal standard (1 mL)

m = mass of sample
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Based from the table, the highest yield is obtained for sample number 4, in which
the FAME yield is 89.81% and the second one is sample number 6 for obtaining
87.26% yield. There is one major similarity between both runs, which is the
methanol to oil ratio is 14:1 whereas the concentration of catalyst for run 4 is higher
than run 6; 3% and 1% respectively. In terms of the temperature, sample 4 is
performed under 70 deg celcius for 2 minutes whereas sample 6 is 40 degree celcius

for 5 minutes.

Meng Kiat (2013) designed the same experiment and has obtained 96.6 % FAME
yield with the optimum parameter of 55 degree Celcius, 2 wt% catalyst, 10:1
methanol to oil ratio and 3.5 minutes reaction time. The optimum parameters
obtained for both authors are totally different and Meng Kiat has obtained higher
yield of FAME.

This phenomenon is probably caused by the increased amount of Free Fatty Acids
and water content in the parent oil, which negatively affected the transesterification
reaction. The presence of free fatty acids makes the catalyst loss greater due to
neutralization side reactions. A high consumption of catalyst means that the
methanolysis remains incomplete. Moreover, another possible reason for lower
FAME yield is the formation of Amides during transesterification. This mechanism
is similar to the side reaction of saponification and may explained the reduced methyl
ester content in KOME. Take note that Amides are perfectly soluble in the methyl
ester phase and have the same physiochemical parameters with Biodiesel.
Furthermore, since the oil did not undergo the esterification process, it is actually
possible for these types of raw materials to contain high molecular weight species,
such as polymerized acylglycerols, that is mainly formed during the thermal stressing
and oxidation. These compounds will increase the polymerized esters (higher
molecular weight than a monomer ester) and will eventually lower the methyl esters

as they cannot be detected with the traditional test method of EN 14103.
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4.2.3 The percentage yield of Biodiesel by mass

The table below shows the percentage yield of Biodiesel by mass after conducting

eight runs consecutively.

Table 8: The percentage yield of Biodiesel by mass

Sample Weight of oil | Weight of Biodiesel Weight of Yield (%)
(2) product byproduct (g)
1 50.03 28.81 23.19 57.58
2 50.01 29.23 24.21 58.44
3 50.05 27.26 25.63 54.46
4 50.05 29.98 24.44 59.90
9 50.10 22.76 29.24 57.21
6 50.04 28.21 21.83 55.62
7 50.10 29.22 20.88 53.15
8 50.08 22.11 29.89 59.54

Based from the table above, after conducting eight runs by using different parameters
in terms of the catalyst concentration, solvent amount, irradiation time and
temperature, the results show average yield of biodiesel. All the eight runs show
yield of an average of 55% by mass and the highest ever recorded is for run number
4; successfully obtained 59.90% of biodiesel. The parameters involved for this run is
methanol to oil ratio: 14, 3 wt% of catalyst, 70 degree Celcius and 2 minutes reaction
time in the microwave. Hence, these parameters are considered to be the most

optimum condition to produce KOME up to this extent.

4.3 Energy consumption for Microwave

Run number 4 shows the highest yield up to the extent the report is written. Hence
the irradiation time is 2 minutes to produce 59.90% KOME. A previous study
(Norazhar et. Al, 2012) shows that it requires about 3 hours to produce 98% yield
hence in general, it is assumed that in order to obtain approximately 60% yield, it

probably takes around 1.9 hour.
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The microwave reactor is customized from the domestic oven and it has the power
output of 1200 Watts. Plus, it is equipped with the mechanical stirrer which
consumes energy as well. For the record, the maximum energy consumed by the

stirrer is 90 Watts (Meng Kiat, 2013).

1 hour 1 kW

60 min % 1000W =0.043 kWh

Total energy consumption = 1290W x 2 min x

For conventional method, Favorit stirring hot plate model HS0707V2 has the power

output of 1007 Watts per used.

1 kW
1000w

Total energy consumption = 1007W x 1.9 x = 1.910 kWh

Table 9 :Comparison of energy consumption

Microwave heating Conventional Heating
Energy dissipated (W) 1290 1007
Time of reaction (min) 2 114
Total Energy required
i 0.043 1.910
(kWh)

Based from the table above, for 50 g of kapok oil to undergo transesterification, the
microwave requires 0.043 kWh to yield 59.90% whereas the conventional heating is
expected to require approximately 1.910 kWh for the same yield percentage. This
shows significant difference in which, conventionl heating requires about 44 times

energy if relatively compared to the microwave technique.
4.4 Characterization of KOME
The KOME properties produced under optimum condition is characterized and

compared with the American biodiesel standard, ASTM 6751 and European
standard, EN 14214.
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Table 10: Properties of KOME in comparison with ASTM 6751 and EN 14214

Properties KOME ASTM 6751 EN 14214
Densi 25
ve 880 - -
(kg/m3)

Cloud point 2.5 3 Not specified
Pour point 0 -15 Not specified etc
Cold Filter

) 1.5 - Not specified etc
Plugging Point
Oxidative stability
3.90 3 min 6 min
(hr)
Acid Value (mg
2.83 <0.5 <0.5
KOH/g oil)

There are three main elements in the flow of biodiesel which is the cloud point (CP)

pour point (PP) and cold filter plugging point (CFPP). CP is the temperature at
which dissolved solids are no longer completely soluble, where wax from biodiesel
starts to form cloudy appearance. Pour point is the lowest temperature at which
biodiesel becomes semi solid and losses its flow characteristics. CFPP gives the
estimate for the lowest temperature that a fuel will give trouble free flow in certain
fuel system. It is mainly important for the low temperature countries which high
CFPP will clog up engine easily.

The oxidative stability is analyzed by biodiesel rancimat method EN 14112. This
property is the main contributor to the major problem for storage. The presence of

unsaturated bonds influence the property at most.

For the acid value, it can be seen that the average acid value is reduced from 11.25
mg KOH /g oil (before transesterification) to 2.83 mg KOH / g oil. Although the
average value has been decreased, it still did not meet the standard since for both
standards, the requirement for the acid value is to be less than 0.5 mg KOH/ g oil.
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CHAPTER S

CONCLUSION

5.1 Conclusion

The project has been successfully completed with accordance to the objectives, in
which Biodiesel is produced from Ceiba Pentandra by using 8 runs and microwave
assisted technique. Moreover, in order to obtain the optimum parameters, there are 4
variables to be manipulated such as the methanol to oil ratio, temperature, catalyst
concentration and irradiation time. Based from the results, the highest FAME yield
(89.81%) is obtained at the methanol to oil ratio is 14:1, 3% catalyst concentration,
70 degree Celcius for 2 minutes irradiation time. Furthermore, the application of
microwave technique has successfully reduced the reaction time as well as the total
energy consumption for the transesterification process. Lastly, the properties of the
FAME produced under the optimum parameters are characterized by using the
international standard of Biodiesel (ASTM 6751 & EN 14214). It can be seen that
some of the FAME properties obtained are comparable to both standards (oxidative
stability) whereas some did not meet the standard so far (acid value). It can be said
that the modification of the experiment in terms of the 1-step transesterification and
the introduction of Benzyltrimethyl Ammonium is giving significant effects towards
the production of Biodiesel especially the maximum yield (89.81%). However, more
studies and researches should be conducted to improve the results and to ensure that
all properties of Biodiesel will meet the standard of ASTM 6751 and EN 14214.
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5.2 Recommendation

The esterification and transesterification of kapok seed oil should be scaled down to
less than 30g of raw material. However, one of the major drawbacks of laboratory
equipment is the scale of the 3-neck round bottom; a maximum allowable volume of
500mL only. Hence, it is suggested to scale down the experiment work to avoid the
excessive evaporation of methanol solvent into the atmosphere and causing
inaccuracy in results. Plus, based form the previous research (Meng Kiat, 2013) the
acidity of the kapok seed oil or biodiesel should be tested at regular basis, for
instance once in a week. The main reason is the acidity of the oil tends to increase by
time. Thus, more accurate results and analysis can be achieved by monitoring the oil

more frequently.

5.3 Future Work

After the project has been completed, few issues have been highlighted in order to
obtain more accurate and precise results in the future. Firstly, it is suggested to do
more massive researches on the parameters involved; solvent to oil ratio, catalyst
concentration, temperature and irradiation time. This is due to the fact that the it is
actually possible for the parameters to be interconnected to each other thus resulting
the yield or characteristic of Biodiesel. Moreover, another crucial aspect that should
be taken into account is the kinetic of the processes involved especially
transesterification. By doing so, the reaction rate can be determined and it might be

very useful for commercialization of Biodiesel in the future.
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APPENDICES

Appendix 1: Example of Gas Chromatography 1
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Appendix 2: Example of Gas Chromatography 2
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