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STUDY OF PREPARATION OF FATTY ACID METHYL ESTERS (FAMEs) FROM
VEGETABLE OIL BY TRANSESTERIFICATION REACTION USING GAS
CHROMATOGRAPHY

WANVISA CHOMSIRI 4936467 SCAI/M
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ABSTRACT
In general, biodiesel is fatty acid methyl ester (FAME) which is usually

obtained from transesterification of vegetable oil with methanol using acid or base
catalyst. This reaction exchanges the alcohol group of triglyceride with methanol to
create a mono alkyl ester. Fatty acid (FA) compositions of an individual vegetable oil
affect on FAME properties and its production. This research studied preparation of
FAMEs from various vegetable oils for biodiesel production and determination of
FAMEs in order to explore the FA profiles in vegetable oils.

The optimum procedure for FAMEs preparation was separated into two
conditions including one-step and two-step methods. The optimum condition of one-
step transesterification of vegetable oils using a base catalyst was performed under low
free fatty acid (FFA) content in the vegetable oil (acid value < 1). This condition gave
conversion in the range of 80.29-93.97%. The two-step method was introduced for
vegetable oils with high FFA contents (acid value > 1). The two-step method of acid-
base transesterification gave a high conversion within the range of 74.12-96.62%. The
FAME product was investigated by the optimum GC-FID condition, which consists of
using split injection (40:1), DB-wax column, He carrier gas (0.5 mL/min), column
temperature (210 °C), injector temperature (250 °C) and detector temperature (250
°C). This condition gave a low detection limit level of FAME compounds, in the range
of 0.19-0.30 mg/L. This method was applied to determine the FA composition in
vegetable oil samples using GC-FID. The percentage conversion evaluated from GC
and *H-NMR techniques showed no significant difference at 95% confidence interval.

KEY WORDS: BIODIESEL/FATTY ACID METHYL ESTERS/
TRANSESTERIFICATION/GAS CHROMATOGRAPHY

90 pp.
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THE RELEVANCE OF THE RESEARCH WORK TO THAILAND

Biodiesel is available as an alternative diesel oil substitution because it
contains almost no sulfur, no aromatics, non-toxic, biodegradable and environmentally
friendly fuel. The raw materials for biodiesel production are content vegetable oils and
alcohols. Each type of vegetable oils has different fatty acids (FAs) which affect to the
biodiesel properties. Therefore, the relationship between an individual of FAs and
biodiesel quality can be evaluated. The possibilities of this research to Thailand are
that the biodiesel can be easily produced by appropriate condition and the method can
be applied to use waste cooking oils. In addition, the optimized GC-FID condition can
be applied to determine FA contents in each type of vegetable oils which are

commonly used as raw material for biodiesel production in Thailand.
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CHAPTER I
INTRODUCTION

Biodiesel contains mono alkyl ester of a long chain fatty acid (FA). It is a
renewable and alternative fuel substituted for petroleum diesel. Biodiesel has low
emission profiles and environmental benefit fuel because of biodegradable and non-
toxic. Most of the commercialize biodiesels are produced from bio-energy sources
such as vegetable oil and animal fat which primarily contain with triglyceride (TG)
and free fatty acid (FFA). These compounds can be used as reactants for the biodiesel
production [Ma, et al., 1999]. The interesting in the use of a renewable fuel started
when scientists discovered the direct use of vegetable oils as a substitution for diesel.
However, their direct use to be renewable oil in compressed ignition engines is
restricted because high viscosity affects on a poor fuel atomization and an incomplete
combustion. Therefore, these renewable resources have been chemically modified in
order to reduce the viscosity and to improve the combustion [Sharma, et al., 2008]. In
a general process, the vegetable oil was converted by transesterification reaction
between triglycerides and low molecular weight alcohol (methanol or ethanol) in the
presence of a catalyst to fatty acid methyl esters (FAMES) and glycerol as by-product
[Shahid, et al., 2008]. The properties of FAME are low viscosity and high combustion
which are similar to diesel fuel properties [Chongkhong, et al., 2007].

In this research, the proposed procedures of FAME (biodiesel) preparation
were performed by transesterification of vegetable oil with methanol using acid or
base catalysts. Investigation and optimization of the reaction parameters of the
transesterification considered in the reaction including types of catalyst, catalyst
concentration, molar ratio of alcohol to oil, reaction temperature and reaction time
[Marchetti, et al., 2007; Meher, et al., 2006]. The types of acid catalyst were H,SO,,
BF; and HCI. The types of base catalyst were NaOH, KOH and NaOCHjs. These
catalysts were dissolved in methanol, methanolic solution. The general preparation of
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FAMESs via base-catalyzed transesterification was applied to the renewable sources
with low free fatty acid (FFA) contents but the reaction was not employed with the
sources of high FFA contents because of soap formation. The soap formation in the
reaction reduced the efficiency of the reaction. Therefore, the FAMEs generated from
vegetable oil with high FFA contents were prepared by the two-step methods of
transesterification. In this work, the procedure of FAMEs preparation by the two-step
methods was studied. The studied procedure consisted of (1) acid-base and (2) base-
acid methods. In acid-base method, the FFAs were firstly converted to FAMEs by
acid-catalyzed and then followed by base-catalyzed transesterification of TG to
FAMEs. In base-acid method, TG and FFAs were preliminary converted to soap and
then the esterification was applied to convert soap products to become FAMESs. The
FAME concentrations from those two procedures were compared. The FAMES were
optimized and separated under the appropriate GC-FID condition. The
transesterification reaction can be monitored by using 'H-NMR to confirm the
conversion efficiency. The properties of the biodiesel fuel are strongly influenced by
the structure and variation of the FA components in the oil depends on the source.
Consequently, a suitable composition of FA in oils will give desirable biodiesel

properties [Pinto, et al., 2005].
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CHAPTER II
OBJECTIVES

The purpose of this work was to study parameters for preparation and
determination of FAMEs using optimum gas chromatography (GC) condition
equipped with flame ionization detector (FID). Palmitic acid (C16:0), palmitoleic acid
(C16:1), stearic acid (C18:0), oleic acid (C18:1) and linoleic acid (C18:2) were used as
interested FA compounds. These compounds are major components in the vegetable
oil. Methyl heptadodecanoate (C17:0) was wused as internal standard.
Transesterification and esterification reaction were used for the preparation of
FAMEs. This method was then applied to prepare and to determine FAMEs in the
vegetable oil samples.
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CHAPTER IlI
LITERATURE REVIEWS

3.1 Introduction

Vegetable oils or animal fats are contained with complex mixture of
triglyceride (TG) and other minor components such as free fatty acids (FFA), gums,
waxes and etc. There are reactants for biodiesel production which has many methods
to produce suitable biofuels. The most commonly used method is transesterification of
vegetable oils and animal fats with alcohol. In this chapter was studied the important
parameters affecting on biodiesel production including types of catalyst, catalyst

concentration, molar ratio of alcohol to oil, reaction temperature and reaction time.

3.2 Vegetable oil

3.2.1 Triglyceride (TG)

Chemically oils/fats consist of triglyceride (triacylglyceride or
triacylglycerol) molecule that is composed of one molecule of glycerol and three an
ester bond linked of fatty acids (FA) molecules [Seniha, et al., 2006]. The structure of
triglyceride is shown in Figure 3.1. The FAs contribute in the range from 94-96% of
the total weight of one triglyceride molecule. The most common FAs in natural oil are
detailed in Table 3.1. Saturated FAs have no double bonds in structure. Unsaturated
FAs have one or more than one double bond. Individual of FA has various physical
properties, as shown in Table 3.2. Consequently, properties of triglyceride or oils are

depended on the FA components.
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H,C—OH 9 H,C—OCOR
| — I

H,C—OH H,C—OCOR

Glycerol FAMEs Triglyceride

Figure 3.1 The equation for synthesis of triglyceride; where, R is hydrocarbon chain.

3.2.2 Fatty acid (FA)

FAs consisting of long chain carbon are varied with the number of
carbon atoms and the number of double bonds. These FAs are usually found in the oil
which consisting of free fatty acid (FFA) and FA bonded with triglyceride. [ Antonio,
2005; Barnwal, et al., 2005]. The chain length and degree of unsaturation influence on
a variety of FA differing in oils. The long chains of C16 to C18 are interested FA in
this work. The FA compositions in each type of vegetable oils that can be used in the
biodiesel production are illustrated in Table 3.1. The common structure of FA is
indicated by the conventional symbol (X:Y). Where, “X” is the number of carbon
atoms in the chain and “Y” is the number of unsaturations. For example, palmitic acid
is a 16-carbon FA with no unsaturation and it is designated by 16:0. Palmitoleic acid is
a 16-carbon FA with one site of unsaturation, and is designated by 16:1. Additionally,

the FAME is designated by the same numerical symbol.

The different of the carbon chain length and degree of unsaturation are
strongly influenced on the biodiesel properties. Saturated FA gives higher cetane
number and cloud point, whereas unsaturated FAs have lower cetane number and
cloud point and also easy to oxidize. Therefore, a suitable composition of FA in oils

will be give desirable biodiesel properties [Pinto, et al., 2005].



Wanvisa Chomsiri Literature Reviews / 6

Table 3.1 Fatty acid compositions in vegetable oils.

Vegetable Fatty acid composition (% w/w)

oil Palmitic | Palmitoleic | Stearic Oleic Linoleic | Linolenic Other

C16:0 16:1 C18:0 C18:1 C18:2 C18:3

Soybean 13.9 0.3 2.1 23.2 56.2 4.3 -
Sunflower 6.4 0.1 2.9 17.7 72.9 - -
Palm 42.6 0.3 4.4 40.5 10.1 0.2 1.1
Rice barn 15.0 - 1.9 42.5 39.1 1.1 0.7
Castor N, - Al 4.9 1.3 - 89.6
Olive 5.0 0.3 1.6 74.7 17.6 - 0.8
Coconut 7.8 0.1 3.0 4.4 0.8 - 65.7
Cottonseed | 28.7 - 0.9 13.0 57.4 - -
Rapeseed 3.5 - 0.9 64.1 22.3 8.2 -
Jatropha 16.0 3.5 6.0 42.0 34.4 0.8 0.7

Table 3.2 Characteristics of common FAs in oils and their methyl esters.

Fatty acid Molecular Boiling Melting
Methyl ester S\ weight point (°C) | point (°C)
Palmitic acid Ci16H3,0; 256.43 352 63.0
Methyl palmitate Ci7H340, 270.46 185 30.5
Palmitoleic acid Ci16H3007 254.41 162 33.0
Methyl palmitoleate C17H3,0; 268.44 180 -0.1
Stearic acid Ci3H3607 284.48 383 70.0
Methyl stearate C19H350, 298.51 181 39.0
Oleic acid Ci1sH3,0, 282.47 286 16.0
Methyl oleate C19H340; 296.50 218 -20.0
Linoleic acid Ci13H3007 280.43 229 -5.0
Methyl linoleate Ci9H3,0, 294.48 192 -35.0
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3.3 Source for biodiesel production

More than 100 years ago, vegetable oils have the potential to replace a
fraction of the petroleum distillated because vegetable oils have many advantages. For
examples, renewability, higher heat content, lower sulfur content, lower aromatic
content and biodegradability. But there have many problems when use vegetable oils
directly in diesel engines. The problems are high viscosity and lower volatility of the
vegetable oil, resulting in decreasing of thermal efficiency and carbon deposits in the
engine due to incomplete combustion. However, vegetable oils can be converted by a
transesterification (alcoholysis) reaction with methanol into FAME (biodiesel). This
method can resolve the problem of high viscosity and increase in combustion
efficiency. In the present, the tendency of petroleum prices increases and uncertainties
of surrounding petroleum availability. Therefore, vegetable oils have become more
attractive recently as primary raw materials used in the production of biodiesel
[Arzamendi, et al., 2006]. Each country in various regions utilizes different types of
plant oil feedstock depending on their abundance or availability. For examples, using
of soybean oil in US and Brazil [Bernard, et al., 1986; Winayanuwattikun, et al.,
2008], rapeseed oil and soybean oil in European countries [Rashid, et al., 2008],
sunflower oil in Brazil [Rashid, et al., 2008], palm oil and coconut oil in tropical
countries [Winayanuwattikun, et al., 2008] and jatropha oil in India [Berchmans, et
al., 2008]. The potential feedstocks for the biodiesel production in Thailand are mostly
use palm oil because of large amount of agricultural products and lower costs. The
selection of a suitable source to produce biodiesel must consider in costs and large
production scale [Pinto, et al., 2005]. Soybean oil, sunflower oil, rice barn oil, coconut
oil, jatropha oil, used oil and used oil are primarily considered as source of the

biodiesel production in Thailand.
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3.4 Determination method

Various analytical methods were developed for analyzing mixtures containing
fatty acid methyl esters or biodiesel obtained from the transesterification. The standard
procedures are chromatographic techniques including HPLC and GC. The
chromatographic and the other techniques for monitoring transesterification reaction

are given in this section.

3.4.1 High performance liquid chromatography (HPLC)

HPLC is one of the most suitable techniques for the analysis of fats and
oils because of high resolution, speed, sensitivity and reproducibility. There are many
detectors of HPLC used for detecting FA derivatives such as ultraviolet—visible
spectrophotometer (UV-Vis) [Ramadan, et al., 2006], fluorescence detector (FLD)
[Fang, et al., 2007], refractive index detector (RID) [Kadam, et al., 2006], mass
spectrometer (MS) [Rezanka, et al., 2007] and evaporative light scattering detector
(ELSD) [Isbell, et al., 2008]. The HPLC instruments are summarized in Table 3.3. A
general advantage of HPLC compared with GC is that usually time and reagent

consuming derivatizations are not necessary, thereby reducing analysis times.

3.4.2 Gas chromatography (GC)

Generally, GC has been the most widely used method for the analysis
of biodiesel or FAMEs because of high resolution, sensitivity, precision and rapid
technique. The most reports of common used of gas chromatographic detectors for
FAME analysis are included flame ionization detector (FID) and mass spectrometer

(MS). The GC instruments are summarized in Table 3.4.
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Table 3.3 Analytical technique for the determination of FAMEs using HPLC.

Condition
Instrument Sample References
Column Mobile phase
Li Chrospher-Si | Isooctane/ethyl Crude seed | Ramadan, et
60, (250x4 mm acetate (96:4, v/v) | oil al., 2006
i.d., 5 wm particle | at 1.0 mL/min and
HPLC-UV | size) detection at 295 nm
Hypersil ODS 93% of MeOH in Soil Sitthirakan,
(250%4.0 mm H,0 at 1.0 mL/min 2007
i.d., 5 um particle | and detection at
size) 246 nm
Hypersil ODS Acetone/ Rice barn Kadam, et
(250%4.6 mm acetonitrile/MeOH | oil al., 2006
1.d., 5 um particle | (50:50:10, v/v/v)
HPLC-RID size) with a gradient
elution at 30 °C
A Spheri-5, C-18 | MeOH (1.0 Pongamia | Meher, et
(220%4.6 mm mL/min) at pinnata oil | al., 2006
i.d., 5 um particle | temperature 40 °C
size)
Eclipse XDB-C8 | 50% acetonitrile Free fatty Fang, et al.,
(150%x4.6 mm and 100% acids 2007
HPLC-FLD 1.d., 5 um particle | acetonitrile,
size) emission
wavelengths at 250
nm
Hichrom HIRPB- | Gradient elution Ximenia oil | Rezanka, et
250 AM acetonitrile/ al., 2007
HPLC (250%2.1 mm propionitrile/
APCI-MS | i.d., 5 um particle | dichloromethane
size) (60:30:10, v/v/v) at
0.37 mL/min
Rainin (250x4.6 | Hexane/acetone Lesquerella | Isbell, et al.,
HPLC-ELSD | mm i.d., 5 um 50:50 at 1.0 seeds 2008
particle size) mL/min
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Table 3.4 Analytical technique for the determination of FAMEs using GC-FID.

Conditions
Instrument Sample | References
Column GC conditions

MFE- N»(1.8 mL/min); split ratio (50:1); | Cider Blanco, et

1000 oven temperature, 80°C, 1 min al., 2001
2(5°C/min)>230°C, 10 min;
injector temperature, 290°C and
detector temperature, 300°C

Omega He(103.4 kPa); oven temperature, | Fish oil Indarti, et

wax 250 | 50°C, 2 min>(4°C/min)>220°C, | and cod | al., 2005
35 min; injector temperature, liver oil
250°C and detector temperature
260°C

A FFAP- | He(2.0 mL/min); oven Olive Procida, et

CB temperature, 70°C->(15°C/min) mill al., 2006

GHFID 5200°C>(8°C/min)>250°C; | waste
injector temperature, 250°C and o1
detector temperature was 260°C

A BPX-5 | Hy(11.0 mL/min); oven Mixture | Antoln, et
temperature, 220°C—>(5°C/min) of FAs al., 2008
-320°C, 10 min; injector and (C24:0—
detector were 320°C C36:0)

HP-5 He(1.0 mL/min); oven Culture Chaidacho,
temperature, 60°C, 2 min bacteria 2008
-(20°C/min)->180°C, 0.5 min and soil
-2 (5°C/min)>240°C, 10 min;
injector temperature, 250°C and
detector temperature, 280°C

Fused He(1.0 mL/min); oven Crude Kanya, et

Silica temperature, 50°C—>(4°C/min) wax al., 2007
->290°C; injector temperature, sunflower
290°C and detector temperature, and seed
300°C .

oil
GC-MS HP He(2.7 mL/min); split ratio, Sorghum | Mehmood,
Innowax | (40:1); 60°C, 3 min>(10°C/min) | seed oils | et al., 2008

2>185°C, 1 min>(5°C/min)->
200°C, 10 min—>(5°C/min)->
220°C, 20 min; ion source
temperature, 280°C
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Flame ionization detection (FID) is the most sensitive GC detector for
hydrocarbon compounds. FID has a high sensitivity, high stability, excellent resolution
capabilities and has linear response [Eder, 1995; Shantha, 1992]. FID consists of a
hydrogen/air flame and a collector plate. The analyst molecules can be ionized when
the effluent from the GC column passes through the flame to produce ions. The ions
are collected at the jet and cylindrical electrode to produce an electrical signal. The

current is amplified and sent to a recorder or to the converter of a computer data.

MS has high resolution of separation with selective and sensitive
detection. This detection is a powerful technique for diagnostic fragmentation. There
was used for analysis of geometric and positional isomers of FAs from diagnostic
fragmentation of saturated and unsaturated FAs [Brondz, 2002; Pinto, et al., 2005].
The individual compounds are eluted from the GC column and entered to the electron
ionization generator where the vapor phase can be ionized with electron into fragment.
The fragments ions are moved through a magnetic or electrostatic field and separated

according to their mass to charge ratio (m/z).

3.4.3 Gel permeation chromatography (GPC)

GPC is a method for simultaneous analysis of transesterification
reaction products such as ethyl esters, mono-, di- and triglycerides and glycerol. The
common detector of GPC for detecting compounds is refractive index detector

[Arzamendi, et al., 2006; Darnoko, et al., 2000].

3.4.4 'H-Nuclear magnetic resonance (‘*H-NMR)

The determination of the yield of transesterification reaction or
percentage of methyl esters can be quantified form '"H-NMR spectrum. The yield was
investigated from the signal of methylene protons and methoxy protons [Jin, et al.,

2007; Meher, et al., 2006].
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3.5 FAME preparation/Biodiesel production

Chemically, biodiesel is referred to mono alkyl esters of long chain fatty acids
or FAME derived from vegetable oil or animal fats via a transesterification process. In
general, FAME is a form used as a volatile derivative for the determination of FA. The
most reports of analysis of FA or FAME is gas chromatographic analysis which is
required volatize compound for the analysis. Therefore, the derivatization of FA to
FAME as volatize derivatives is needed. The FAMEs preparations which are
explained in the following section are performed by transesterification and

esterification reaction.

351 Transesterification reaction

Transesterification or alcoholysis is the reaction of triglycerides with
alcohols to produce ester and glycerol as a by product. A catalyst is usually used to
improve the reaction rate and yield. The common catalysts are alkaline or acidic
catalysts. The alkaline catalyst is used such as NaOH, KOH and NaOCH;. The
reaction requires excess of alcohols to increase the efficiency of the transesterification
reaction. The general equation of transesterification reaction is presented in Figure 3.2
[Mecher, et al., 2006]. The triglyceride is converted stepwise to diglyceride,
monoglyceride and finally glycerol, respectively. Individual reaction step produces
one mol of ester. The three steps of the transesterification reaction are shown in Figure

3.3 [Om, et al., 2008].

— 1 1 —
H2C| OCOR Catalyst ~ R'COOCH; H2(|J OH
HC—OCOR? + 3CH;0H R’COOCH;  + H(lt—OH
H,C—OCOR? R3COOCH; H,C—OH
Triglyceride Methanol Fatty acid methyl ester Glycerol

Figure 3.2 The equation for transesterification of triglyceride.
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Triglyceride @~ + R'OH ———— Diglyceridle @+ RCOOR'
Diglyceride + ROH =———— Monoglyceride + RCOOR'

Monoglyceride + R'OH —=——— Glycerol + RCOOR'

Figure 3.3 The three steps of transesterification reaction of triglyceride.

3.5.1.1 Acid-catalyzed transesterification

The transesterification can be catalyzed by acids such as
HCI, H,SO4, BF;, H3PO4, and organic sulfonic acids. When acid catalyst is used to
catalyze the reaction, the direct esterification of the FFA occurs simultaneously with
the transesterification reaction. The esterification reaction is the reaction of FFA with
alcohols to produce FAME and water as a by product. The direct esterification
reaction is important in increasing of the biodiesel product. The general equation of

esterification reaction is presented in Figure 3.4 [Marchetti, et al., 2008].

(0]
Acid catalyst

R—C—O0OH + MeOH ————=— R—C—0OMe + H,0

Fatty acid Methanol FAME Water

Figure 3.4 The equation for esterification reaction of FFA with methanol.

The transesterification reaction using acid catalyst are very
slow, requiring long time more than the alkaline catalysis, also needs more extreme
temperature and pressure condition for complete the reaction [Furuta, et al., 2004;
Marchetti, et al., 2007; Pinto, et al., 2005]. Usually, the acid catalyst reaction is
applied in the oil with high FFA content to increase FAME products. The acid
catalyzed transterification conditions are summarized in Table 3.5. The mechanism of
acid catalyzed transesterification of vegetable oil or triglyceride is shown in Figure 3.5

[Meher, et al., 2006].
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Table 3.5 The acid-catalyzed transterification conditions for FAME preparation.

Catalyst MeOH : Reaction %
Sample ] o ) References
(Yow/w) oil condition | Conversion
Lipids 25.0% BF3 55 % 100 °C; - William, et
4-5h al., 1964
Soybean 1.0% H,SOy4 30:1 65 °C; 90.00 Freedman, et
oil 50h al., 1984
Canola oil | 3.0% H,SOq4 30:1 65 °C; 90.00
24 h
Olive oil 1.0% H,SO4 30:1 67 °C; 95.00 Aksoy, et al.,
45 h 1988
Adipose 5.0% HCI - 70 °C; - Carrapiso, et
tissue 45 min al., 2000
Waste 3.0% H>S04 50:1 80 °C; 97.00 Zhang, et al.,
cooking 4h 2003
oil
Refined 0.5% H,S04 9:1 100 °C; 98.00 Goff, et al.,
soybean 24 h 2004
oil
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"0'-/\ On OH
H+
—_— -~
] " ] " RV +

OR"

OH R C(')H " 0
+ "
N 'b/ (N /+ -H"/R"OH
+ LA \ R' O\ _—
R OR" R OR
H R
\/ OR"
R" = L ; glyceride
OH
R'" = Carbon chain of fatty acid
R = Alkyl group of the alcohol

Figure 3.5 The mechanism of acid-catalyzed transesterification reaction.

3.5.1.2 Base-catalyzed transesterification

Biodiesel is currently produced by the transesterification using
base catalysts because the reaction is faster than acid catalyzed transesterification
reaction. In addition, base catalysts are less corrosive than acid catalyst. The most
common basic catalysts are NaOH, KOH, NaOCHj3;, Na,CO; and K,COj [Pinto, et al.,
2005]. The base-catalyzed transterification conditions are summarized in Table 3.6.
The mechanism of base catalyzed transesterification of vegetable oil or triglyceride is

shown in Figure 3.6.
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OH + ROH RO + H,O
NaOR RO + NaH®
0 T'
R' + RO R' | OR
OR" ORH
O O
R—1—OR + ROH R’ I OR + RO
OR" R'OH"
o
R'——OR R'COOR + R"OH
R'OH'
Where ROSNTPEES
|
H?—OCOR
H,C—OCOR
R' = Carbon chain of fatty acid
R = Alkyl group of alcohol

Figure 3.6 The mechanism of base-catalyzed transesterification reaction.

The problem of FAME preparation when used base-catalyst

transesterification with high FFA contents in oil is the formation of soap form

saponification of FFAs with base catalyst. The soap prevents the separation of the

glycerin and FAME fraction. Therefore, the two-step method was applied in the oil

with high FFA contents to resolve this problem [Ozbay, et al., 2008]. The two-step

methods for FAME preparation are given in section 3.5.4.
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Table 3.6 The base-catalyzed transterification conditions for FAME preparation.

sample Catalyst MeOH: Reaction % | References
(% wiw) oil condition | Conversion
Soybean | 0.2% NaOH 6:1 70 °C; 90.00 Noureddini,
oil 90 min etal., 1997
Palm oil 1.0% KOH 6:1 65 °C; 82.00 Darnoko, et
60 min al., 2000
Sun- 1.0% KOH 6:1 65 °C; 90.10 Vicente, et
flower oil 4h al., 2004
Palm oil 1.5% NaOH 6:1 65 °C; 94.40 Kusdiana, et
lh al., 2004
Crude 1.0% KOH 10:1 60 °C; 92.00 Karmee, et
pongamia #72) h al., 2005
oil
Used 1.1% NaOH A4l 50\ 'S 88.80 Leung, et
frying oil 15 min al., 2006
Karanja 1.5% KOH 6:1 65 °C; 98.00 Mebher, et
oil 3h al., 2006
Used 1.0% KOH 12:1 626" 96.40 Encinar, et
frying oil 2h al., 2007
Used oil 0.5% NaOH 9:1 60 °C; 78.00 Cayll, et al.,
lh 2008
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3.5.2 Saponification reaction

The problem of soap formation was observed during the base catalyzed
transesterification reaction with high FFA contents in vegetable oil. Figure 3.7 is
saponification reaction of FFAs with base catalyst. This reaction affects on the
neutralization of one part of the base catalyst so no longer available for catalyze the
transesterification and give less FAME product. Therefore, the process to reduce FFA

content is required for high FFAs in feed stock for biodiesel production.

o O
R—C—O0OH + NaOH —> R—C—ONa + H,0

FFA Base catalyst Salt Water

47 || -+
R—C—OR' + NaOH — > R—C—ONa + R'OH

Ester Base catalyst Salt Alcohol

Figure 3.7 The saponification reaction of FFA and fatty acid alkyl ester with base
catalyst.

3.5.3 Esterification reaction

This process can be used as pretreatment step which converts FFAs
with high FFA content in the oil to FAME. This step can reduce the soap formation
from the oil and also increase FAME yield. Therefore, this reaction was included in
the two-step method to produce biodiesel. Then, low FFAs in the pretreated oil can be
transesterified with an alkali catalyst by converting triglycerides to methyl esters

[Gerpen, 2005].
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3.5.4 Two-step method of FAME preparation

FAME:s can also be prepared by the two-step method which consist of
acid-base and base-acid method. This two-step method can be employed for the oil

with high FFA contents.

3.5.4.1 Acid-base catalyzed method

This method is usually employed in feedstock with high FFA
contents. In the first step, the esterification or pretreatment step is applied in oil with
high FFA contents. Result in FFA contents is reduced by using acid catalyst. Then,
base-catalyzed transesterification reaction can be applied in the second step to produce
FAMEs from triglyceride. The summary reactions of acid-base catalyzed methods are
illustrated in Figure 3.8. The acid-base catalyzed conditions from some literature are

summarized in Table 3.7.

(0] 0]
Acid catalyst

Step 1 R=—C—OH'Q@RCTWH " R—C—OCH; + H,0

Esterification

FFA Methanol FAME Water
H2$—OCOR1 Basecalyst ~ R'COOCH; H,C—OH
|
Step 2 H$—OCOR2 + 3CH;0H R2COOCH; + H|C—OH
HZC_OCOR3 Transesterification RSCOOCH:; HZC_OH
Triglyceride Methanol FAMEs Glycerol

Figure 3.8 The acid-base catalyzed reaction for FAME preparation.
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Table 3.7 The acid-base catalyzed reaction conditions for FAME preparation.

Catalyst MeOH : Reaction %
Sample ) . _ References
(% wiw) oil condition | Conversion
1.0% H,SO4 0.35 60 °C; Ghadge, et
Mahua (% v/v) 2h al., 2005
oil 0.7% KOH 0.25 60 °C:; 98.00
(% v/v) 30 min
2.0% 10:1 B 97.22 Wang, et al.,
Waste
Fey(S04)s 4 h 2005
cooking
. 1.0% KOH 6:1 65 °C; 97.02
oils
lh
1.83% H,SO4 8:1 70 °C; Chongkhong,
Palm
lh etal., 2007
fatty acid
A | 0.4 M NaOH 8:1 5% 99.48
distillate
15 min
1.0% H2S04 9:1 65 °C; Hamed, et
Salmon l1h al., 2008
oil 0.8% KOH 4.7:1 D 97.60
30 min
0.5% H,SO4 6:1 65 °C; Naik, et al.,
Pongamia
. 15 min 2008
pinnata
q 1.0% KOH 6:1 65 °C; 96.60
oi
3h
1.0% H,SO4 0.60 50 °C; Berchmans,
Jatropha
(% w/w) lh etal., 2008
curcas
. 1.4% NaOH 0.24 65 °C; 90.00
seed oil
(% w/w) 2h
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3.5.4.2 Base-acid catalyzed method

This method is usually applied for the lipid analysis. In the
first step, the FFAs and triglycerides are saponified by base catalyst to form salt of
ester or soap. Then, the esterification of soap is employed in the second step to convert
salt of ester to become FAMEs. The summary reaction of base-acid catalyzed method
is illustrated in Figure 3.9. The base-acid catalyzed conditions for FAME preparation

are summarized in Table 3.8.

(0] (0]

Saponification

-+
Step 1 R—C—OH + NaOH ——> R—C—ONa + H,0

FFA Base catalyst Salt Water
(0] 0]
HZO - +
R—C—OR' + NaOH —> R—C—ONa + R'OH
Triglyceride Base catalyst Salt Alcohol
or
0] (0]

| | Transesterification | |

R=—C—0OR "+ CH:UMSSSSS=="" R —C——0CH; + R'OH

Base catalyst

Triglyceride Methanol FAME Alcohol
O
| . Acid catalyst
Step 2 R—C—ONa + H,0 ——> R—C—OH + NaOH
Hydrolysis
Salt Water FFA Sodium hydroxide
o O
Acid catalyst

R—C—OH + CH;0H ——> R—C—OCH; + H,0

Esterfication

FFA Methanol FAME Water

Figure 3.9 The base-acid catalyzed reaction for FAME preparation.
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Table 3.8 The base-acid catalyzed reaction conditions for FAME preparation.

Reaction _
Reaction
Sample temperature Catalyst . References
ime
(°C)
Menhaden oil reflux 0.5 N NaOH 1h Vorbeck, et
al., 1961
5.0% HCl 25 min
Lipids reflux 0.5% w/w 5 min Metcalfe, et
NaOCH; al., 1966
BF3/CH3OH 2 min
(3mL)
Fat reflux 0.5 N NaOCHj; 5 min Van, et al.,
2001
14.0% v/v BF; 2 min
Cider 60 0.5 M NaOH 30 min Blanco, et
al., 2001
(5mL)
Low-fat milk 95 10.0 mg K,CO; 30 min Lu, et al.,
and plain milk 2002
1.0 M H,SOq4 30s
Cod liver oil 100 0.5 M NaOH 5 min Carvalho, et
al., 2005
12.0% v/v BF; 30 min
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CHAPTER IV
MATERIALS AND METHODS

The description of instruments, operating conditions used for the determination
of fatty acid methyl ester, chemical reagents, materials, procedures for preparation of

reagents, standard solutions and samples are presented in this chapter.

4.1 Instrumentation

4.1.1 Gas chromatography
A GC, model GC-14B (Shimadzu, Japan) equipped with split/splitless
injector and a flame ionization detector (FID) was used. The detector output was
recorded by the PowerChrom system. The optimum GC conditions for the analysis of
FAMEs were illustrated in section 5.1.4.

4.1.2 \Vortex

A vortex-2 Genie, model G-560E with speed controlling unit (New
York, USA) was used for preparation of standard solutions and samples.

4.1.3 Heating block

A heating block, model Denver Instrument was used to heat chemicals

in the derivatization of standard FAs and samples.
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4.1.4 Micropipette

A micropipette, model Eppendorf Model Research (Hamburg, Germany)

was used for preparation of standard solutions and samples.

4.1.5 Analytical balance

Analytical balance, model Sartorius CP 225D from Germany was used

to weigh samples and chemicals in the preparation of standard solutions and samples.

4.1.6 Hot plate

A hotplate, model Barnstead/Thermolyne USA was used to heat
chemicals in the preparation of standard solutions.

4.1.7 Stirrer

A stirrer, model Heidolph MR 3001 was used to mix chemicals in the
preparation of standard solutions.

4.2  Chemical reagents and materials

All chemical reagents and materials used in this work are detailed in Table 4.1.
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Table 4.1 List of chemical reagents, formula and suppliers.

Chemicals Formula Supplier
Methyl oleate C19H3602 Aldrich, U.S.A.
Methyl orange C14H14N3NaO3S
Methyl palmitate C17H340,
Phenophthalein C20H1404
Boron trifluoride BF; BDH, England
Palmitic acid Ci16H3202
Sodium thiosulfate Na,S,03
Acetic acid CH3;COOH E. Merck, Germany
Barium hydroxide Ba(OH),
Hydrochloric acid HCI
lodine chloride ICI
Nitric acid HNO3
Potassium hydrogen phthalate KHCgH,O4
Potassium hydroxide KOH
Sodium hydroxide NaOH
Methy! heptadodecanoate CisH3602 Fluka, Switzerland
Methyl linoleate C19H3,0;
Methyl palmitoleate C17H3,0,
Methy| stearate C1oH380,
Oleic acid Ci18H3602
Palmitoleic acid C16H3002
Sodium hydrogen carbonate NaHCO3
Stearic acid Ci1sH360:
Ethanol CH3CH,0H Lab Scan, Ireland
Hexane CeH1a
Methanol CH3OH
Sulfuric acid H2SO4
Margaric acid C17H340; Sigma-Aldrich, Germany




Wanvisa Chomsiri Materials and Methods / 26

4.3  Preparation of reagents and solutions

4.3.1 Standard fatty acid solution

Standard solutions of 1000 mg/L palmitic acid (C16:0), palmitoleic
acid (C16:1), stearic acid (C18:0), oleic acid (C18:1) and linoleic acid (C18:2) were
prepared by dissolving 10.00 mg of pure compounds and made up final volume to
10.00 mL in a volumetric flask with hexane to give a concentration of 1000 mg/L.

These stock solutions were stored in dark glass bottles and kept at 4 °C.

4.3.2 Internal standard solution

Standard solution of 1000 mg/L margaric acid and methyl
heptadecanoate (C17:0) was prepared by dissolving 10.00 mg of pure compound and
made up final volume to 10.00 mL in a volumetric flask with hexane. This solution
was stored in a dark glass bottle and kept at 4 °C. The stock solution was diluted to
give a suitable working solution for preparation of the internal calibration standard and

for oil samples.

4.3.3 Standard fatty acid methyl ester solution

Standard solution of 1000 mg/L of methyl palmitate (C16:0), methyl
palmitoleate (C16:1), methyl stearate (C18:0), methyl oleate (C18:1) and methyl
linoleate (C18:2) were prepared by dissolving 10.00 mg of a pure compounds and
made up final volume to 10.00 mL in a volumetric flask with hexane to give a
concentration of 1000 mg/L. These stock solutions were stored in dark glass bottles
and kept at 4 °C. The FAME solution was diluted to give a suitable working solution
of the calibration curve. The working solutions were prepared by diluting standard
solutions of FAMEs (1000 pg/mL) in a 10.00 mL volumetric flask and making up
volume with hexane to give the concentration of 5 pg/mL.
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4.3.4 Sulfuric acid in methanol solution

Aliquot of 0.25, 1.25, 2.50, 3.75 and 5.00 mL of concentrated H,SO,4
were diluted with MeOH for a final volume of 25.00 mL to obtain the concentration of
1,5, 10, 15 and 20% (v/v), respectively.

4.3.5 Sodium hydroxide in methanol solution

Sodium methoxide solution prepared by dissolving 1.00 g of NaOH in
MeOH 25.00 mL to give a concentration of 1.0 M.

4.3.6 Potassium hydroxide in methanol solution

Potassium methoxide solution was prepared by dissolving 1.40 g of
KOH in MeOH 25.00 mL to give a concentration of 1.0 M.

4.3.7 Potassium hydroxide solution for acid value

Potassium hydroxide solution of 0.1 M was prepared by dissolving 6.0
g of KOH to 1000 mL of distilled water. Then, the mixture was boiled for 10 minutes
with stirring and added 2.0 g of reagent grade Ba(OH),. The mixture was boiled
additionally about 5-10 minutes and cooled down to room temperature. Then, the
mixture was filtered through glass funnel and stored in an alkali resistant bottle
protecting CO,. Potassium hydroxide solution was standardized by primary standard

potassium hydrogen phthalate using phenolphthalein as indicator.

4.3.8 Hydrochloric acid solution for saponification value

HCI of 0.5 M was prepared by adding 42.00 mL of HCI and made up
volume to 1000 mL
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4.3.9 Saturated sodium hydrogen carbonated solution
NaHCO3; was dissolved in deionized water until it cannot dissolve to
give a saturated concentration of NaHCO;3; and stored in a plastic bottle at room

temperature.

4.3.10 Glassware cleaning

All glassware, pipette tips, vials and other materials were carefully
cleaned by washing with liquid detergent to remove dust or particulate remaining and
then soaking in 10% HNO; solution overnight. Then, glassware was rinsed with
deionized water and left to dry in an oven.

4.4  Procedures and methods

4.4.1 Characterization of vegetable oils

Characterization of vegetable oils is summarized in Table 4.2.

Table 4.2 Summary of standard method for basic properties of biodiesel.

Properties Unit Standard method
Acid value mg KOH/g A.0.C.S., 1989
Saponification value mg KOH/g A.0.C.S,, 1989
lodine value g 1,/100 g A.O.C.S. Official Method Cd 3d-63
% FFA % A.0.C.S., 1989

4.4.1.1 Acid value (AV)

The acid value was determined by acid-base titration
technique (A.O.C.S., 1989). In a typical procedure, the mixture solvent of toluene and
isopropanol (1:1) was neutralized by a standard KOH solution of 0.1 M to a faint
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permanent pink color of phenolphthalein. The sample of 2.0 g was weighed into an
Erlenmeyer flask and added 125.00 mL of the neutralized solvent mixture. The sample
was vigorously shaken while titrated with standard KOH of 0.1 M to the permanent
pink color. The color must persist for 30 seconds. The acid value is calculated by

following equation:

Acid value = [(A - B) x N x MW of KOH]/W (4.1)

Where; A = Volume of standard alkali used to titrate sample (mL)
B = Volume of standard alkali used to titrate blank (mL)
N = Concentration of standard alkali (Normal)
W= Weight of sample (g)

4.4.1.2 Saponification value (SV)

The saponification value was determined by acid-base
titration technique (A.O.C.S., 1989). The sample about 2 g = 0.1 mg was weighed into
the Erlenmeyer flask and added 25.00 mL of toluene. Then, the alcoholic KOH of
50.00 mL was added. The conduct blank was prepared similarly in all respects. The
mixture solution was completely saponified by reflux about 1 hour. Then,
phenolphthalein about 1.00 mL was added and the mixture was titrated with HCI of
0.5 N until the pink color just disappears. The volume of 0.5 N HCI for the titration
was recorded. The saponification value is calculated by following equation:

Saponification value = [(B - S) x (N)]/ W x MW of KOH (4.2)
Where; B = Volume of 0.5 N HCI required to titrate blank (mL)

S = Volume of 0.5 N HCI required to titrate sample (mL)

N = Concentration of HCI solution (Normal)

W= Weight of sample (g)
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4.4.1.3 Free fatty acid measurement
Percent FFA in vegetable oil was measured by titration
method according to the procedure as describe in acid value (A.O.C.S., 1989). Percent

free fatty acid (% FFA) is calculated by following equation:

% FFA = volume of base solution x base concentration x MW of FFA (4.3)

weight of oil

Where; MW = Molecular weight (g/mol)

4.4.1.4 Molecular weight

Molecular weight of vegetable oils (triglyceride) can be
calculated from saponification value (amount of alkali necessary to saponify a definite
quality of the sample). A substraction of saponification value and acid value refers to
the amount of KOH for saponification of a triglyceride and free fatty acid molecules,
respectively. Three molars of KOH are equal to one molar of triglyceride. This value
can be converted to a molecular weight of vegetable oil. Summary method for

calculation of molecular weight of triglyceride is shown as following:

KOH for saponification of a triglyceride = SV - AV
3 mol of KOH = mol of triglyceride

MW of triglyceride = weight of oil
mol of triglyceride

Where; SV = Saponification value (mg KOH/g oil)
AV = Acid value (mg KOH/g oil)
MW = Molecular weight (g/mol)
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4415 lodine value

lodine values of the oil were determined by Wijs
(cyclohexane-acetic acid solvent) method. In a typical procedure, Wijs solution of
25.00 mL was prepared by dissolving 16.5 g of ICI in 1.00 L of acetic acid. The
sample about 1.50 g was weighed into conical flask and added 15.00 mL of 1:1 (v/v)
cyclohexane-acetic solvent to dissolve the sample. The mixture was stirred for 1 hour
and stored the flasks in a dark place at 25 + 5 °C for the duration of the reaction. The
flasks was removed from the dark place. Then, 20.00 mL of 15.0% (w/v) KI solution
and 150.00 mL of H,O were added. The mixture was titrated with 0.1 N standard
Na,S;03 solution. Titration was performed until yellow color has almost disappeared
and added 0.5% (w/v) about 1.00-2.00 mL of soluble starch indicator solution. Then,
the solution was titrated until blue color has just disappeared. The iodine value is

calculated by following equation:

lodine value =  (mL of Na,S,05 for blank - mL of Na,S,05 for sample) xN of Na,S,04x0.127 g/meqx100 (4.4)

weight of samples (g)
44.1.6 Density
The density of the biodiesel was determined by accurate
weight 1.00 mL of FAME. This value can be converted to density of biodiesel by

following equation:

Density of biodiesel = weight of biodiesel (g) (4.5)

volume of biodiesel (mL)
4.4.1.7 Viscosity

The viscosity of biodiesel is calculated by following equation:

D =33.107 V + 745.39 (4.6)
Where; D is the density (g/mL) and V is the viscosity of the biodiesel samples (Kcst).
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4.4.2 FAME preparation using acid-catalyzed esterification

Standard solution of FAs (C16:0, C16:1, C18:0, C18:1 and C18:2) 5
mg/L and internal standard (C17:0) 10 mg/L in hexane were used to optimize and

develope the method and instrumental studies.

Standard solution 5 uL of 1000 mg/L of FAs (C16:0, C16:1, C18:0,
C18:1 and C18:2), and 10 pL of 1000 mg/L of FAs C17:0 were pipetted into screw-
capped tube. The hexane layer was dried under N, gas. Solution of acid catalyst 10%
(v/v) such as H,SO4, HCI, BF3 and HNO3 in MeOH, 1.00 mL was added. The mixture
solutions were performed in a heating block at 50 °C for 10 minutes. Then, the
solution was cooled down to room temperature and 1.00 mL of saturated NaHCO3; was
added to neutralize the reagent. FAMES products were then removed by extracting
with 1.00 mL hexane and repeated the step within 3 times. The organic layer was
carefully transferred to a test tube and evaporated under N,-stream. The FAME
residue fraction was dissolved in 1.00 mL of hexane prior to GC injection. The final

concentration of each FAMESs were 5 mg/L for optimizing the method.

4.4.3 FAME preparation using base-catalyzed transesterification

Vegetable oil 500 uL (0.44 g) was pipetted into a screw-capped tube.
NaOH of 1.0 M and MeOH were added. The mixture solutions were performed in a
heating block at 60 °C for 30 minutes and stirred vigorously in a vortex for 10 seconds
every 5 minutes. The solution was cooled down to room temperature. FAMES products
were then removed by extracting with 1.00 mL hexane repeatable 3 times. The organic
layer was separated into a test tube. Then, 1.00 mL of H,O was added to wash the
catalyst and the phases were allowed to separate. The organic layer was carefully
transferred to a test tube and evaporated under N,-stream. The FAME residue fraction
was weighed and diluted to 10,000 times with hexane. Methyl heptadodecanoate

(C17:0) of 10 pL was added as internal standard prior to GC injection.
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4.4.4 Two-step method for FAME preparation

4.4.4.1 Acid-base catalyzed method

Vegetable o0il 500 pL (0.44 g) was pipetted into a screw-capped tube. In
the first step, 1.00 mL of 10% (v/v) H,SO, in MeOH was added. The mixture
solutions were performed in a heating block at 50°C for 10 minutes. The solution was
cooled down to room temperature. The oil fraction was removed by extracting with
1.00 mL hexane repeatable 3 times and 1.00 mL of H,O was added. The organic layer
was separated into a screw-capped tube for dryness under Nj-stream. Then, followed
by transesterification process in the second step, 0.1 M NaOH and MeOH were added.
The mixture solutions were heated in a heating block at 60 °C for 30 minutes and
stirred vigorously in a vortex for 10 seconds every 5 minutes. The solution was cooled
down to room temperature. The FAME products were extracted by 1.00 mL of hexane
repeatable 3 times. The organic layer was separated into a test tube. Then, 1.00 mL of
H,O was added to wash the catalyst and the phases were allowed to separate. The
organic layer was carefully transferred to a test tube and evaporated under Nj-stream.
The FAME residue fraction was weighed and diluted to 10,000 times with hexane.
Methy! heptadodecanoate (C17:0) of 10 uL was added as internal standard prior to GC

injection.

4.4.4.2 Base-acid catalyzed method

Vegetable oil 500 pL (0.44 g) was pipetted into a screw-capped tube. In
the first step, 1.0 M NaOH and MeOH were added. The mixture solutions were
performed in a heating block at 60 °C for 30 minutes and stirred vigorously in a vortex
for 10 seconds every 5 minutes. The solution was cooled down to room temperature.
Then, 1.00 mL of 10% (v/v) H,SO, in MeOH was added. The mixture solutions were
heated in a heating block at 50 °C for 10 minutes and stirred vigorously in a vortex for
10 seconds every 5 minutes. The solution was cooled down to room temperature and
then FAME products were extracted by 1.00 mL of hexane with 3 times. The organic

layer was separated into a test tube. Then, 1.00 mL of H,O was added to wash the
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catalyst and the phases were allowed to separate. The organic layer was carefully
transferred to a test tube and evaporated under N,-stream. The FAME residue fraction
was weighed and diluted to 10,000 times with hexane. Methyl heptadodecanoate

(C17:0) of 10 uL was added as internal standard prior to GC injection.

4.5 Analytical performance of gas chromatography

The analytical performance was investigated in term of a detection limit and a
linearity range. The experiments were carried out in triplicate of the performance and
the GC analysis. Variation of values was shown as percentage relative standard
deviation (% RSD) value.

4.5.1 Linearity range
The standard mixtures of FAMES were prepared in the range of
concentrations between 0.5-100 mg/L. The linear ranges of studied compound were
obtained by plotting peak area versus the concentration. Correlation coefficient value
(r?) was used to be reliable the linear ranges.
4.5.2 Detection limit
In this work, the limit of detection was determined at the ratio of peak
height to noise at the level of three. This value refers to lowest concentration of an
analyte that can be detected in this studied condition.

4.5.3 Data analysis

The statistical test of the methods for determining FAMEs were
performed using t-test (paired two samples for mean) at 95% confidence interval.
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45.4 Confirmation of the method

45.4.1 Calculation of the conversion from GC-FID

The conversion of vegetable oil to FAME can be calculated
from the content of methyl esters analyzed by GC with the following equation [Kim,
et al., 2004]:

Conversion (%) = (weight of biodiesel product/MW of biodiesel) x biodiesel concentration 4.7)

(weight of oil/MW of oil) x 3 x 100

The conversion from GC-FID in this work is implied to the percent yield of the

reaction.

45.4.2 Calculation of the conversion from *H-NMR

The conversion of vegetable oil to FAME can be calculated
from the integration values (1) of the selected signals in *H-NMR by following the
equation [Knothe, 2000]:

Conversion (%) = 5%l x 100 (4.8)
(5%Ive) + (9 % l7ac)

Where; Iye and ltac are the integration values of the methyl ester and the

glyceridic protons, respectively.
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CHAPTER V
RESULTS AND DISCUSSION

In this chapter, optimization of the GC-FID conditions and appropriately
optimized conditions for the preparation of FAMEs are described in the following

section.

5.1 Chromatographic studies

The study of the optimum GC conditions for detection and determination of
FAMEs are detailed in the following section (column temperature, injection
temperature and split ratio). The mixture solution of 10 mg/L FAMEs in hexane was

injected to study these parameters.

5.1.1 Effect of column temperature

The optimum column temperature depends on boiling point of the
sample, but it must not higher than limit of the column temperature (260 °C for DB-
Wax). If use higher temperature, the organic coating in the column will be lost,
leading to shorten of the usage and reduce the efficiency. The column temperature was
investigated by fixing injection volume (1 pL), injection temperature (at 250 °C) and
detector temperature (at 250 °C). The effects of varying column temperature on peak
area, peak height and chromatograms are shown in Figure 5.1-5.2. Retention times and
resolution of FAMESs obtained from varying column temperature are shown in Table
5.1-5.2. Retention time, peak area and resolution decreased with the increasing of
column temperature. Considering of good resolution and short times for the analysis,

the optimum column temperature at 210 °C was chosen for the study.
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Table 5.1 Retention times of FAMEs obtained from varying column temperatures.

Column Retention time (minutes)

temp °C) C16:0 C16:1 C18:0 C18:1 C18:2
180 3.70 3.98 6.44 6.84 7.86
190 2.95 3.15 4.75 5.03 5.72
200 2.46 2.60 3.68 3.88 4.34
210 2.13 2.24 2.97 3.12 3.44

S.D. values of the retention time for all compounds were less than 0.01

and RSD values were lower than 0.3%. Therefore, the variation of retention time in

every injection was very low and the retention time of the analyte was acceptable for

the quantitative analysis.

Table 5.2 Resolution of FAMEs obtained from varying column temperatures.

Column Resolution (mean = SD)

temp °C) C16:0 C16:1 C18:0 C18:1 C18:2
180 2.15+0.08 | 580+0.15 | 8.13+£0.12 | 1.62+0.06 | 3.75+0.10
190 1.98+0.04 | 490+0.16 | 7.15+£0.09 | 1.59+0.03 | 3.60+0.08
200 1.77+0.02 | 4.02+0.05 | 6.10+£0.09 | 1.51+0.05 | 3.23+0.04
210 1.58+0.05 | 3.31+0.03 | 527+0.05 | 1.46+0.03 | 2.84 +£0.04
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Figure 5.1 Effect of column temperature of FAME on peak height (mV) and peak

area (mV.s).
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Figure 5.2 Chromatograms of FAMEs (10 mg/L) at various column temperatures.



Fac. of Grad. Studies, Mahidol Univ. M. Sc. (Appl. Anal. and Inorg. Chem.) / 39

5.1.2 Effect of injection temperature

The injector may be set at the same temperature or higher than the
column temperature. The injection temperature was investigated in the range of 240-
260 °C. The column temperature was an isothermal fixed at 210 °C. The effects of
varying injection temperatures on peak area, peak height and chromatograms are
shown in Figure 5.3-5.4, respectively. Retention times and resolution of FAMEs
obtained from varying injection temperature are shown in Table 5.3-5.4. The injection
temperature should be high enough to rapidly vaporize the sample, not decompose the
sample and not higher than the limit of column temperature (260 °C), therefore the

optimum injection temperature at 250 °C was chosen for the study.

; 0.8 - / 3 A %
g / = %
< 0.61 £
. <
E 0.41 ;}
&~ 05
0.2 4
0 T T T 0 T T T
230 240 250 260 230 240 250 260

Injection temperature (°C) Injection temperature (°C)

(#) C16:0, (=) C16:1, (+) C18:0, (x) C18:1 and (+) C18:2

Figure 5.3 Effect of injection temperature for FAMEs on peak height (mV) and peak

area (mV.s).

Table 5.3 Retention times of FAMEs obtained from varying injection temperatures.

Injection Retention time (minutes)

temp (°C) C16:0 Cl16:1 C18:0 C18:1 C18:2
240 2.15 2.25 2.99 3.13 3.45
250 2.14 2.24 2.98 3.12 3.44
260 2.14 2.24 2.98 3.12 3.44
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Table 5.4 Resolution of FAMEs obtained from varying injection temperatures.

1

Retention time (minutes)

Column Resolution (mean + SD)
temp °C) C16:0 C16:1 C18:0 C18:1 C18:2
240 1.48+0.04 | 3.18+0.09 | 5.12+0.11 | 1.38+0.05 | 2.78 £0.08
250 1.56+£0.02 | 3.34+0.02 | 539+0.01 | 1.46+0.02 | 2.93+0.02
260 1.61 £0.01 | 3.43+£0.05 | 557+£0.08 | 1.52+0.01 | 3.01 £0.02
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Figure 5.4 Chromatograms of FAMEs (10 mg/L) at various injection temperatures.
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5.1.3 Effect of split ratio

The amount of sample vapor that introduces into the column depends
on the split ratio. The low split ratio refers to high amount of sample are introduced
into the column. In this section, the split ratio was varied from 20:1-50:1. The effects
of varying split ratios on peak area, peak height and chromatograms are illustrated in
Figure 5.5-5.6, respectively. Retention times and resolution of FAMEs obtained from
varying split ratio are shown in Table 5.5-5.6. High of sensitivity and resolution of

FAME therefore, the optimum split ratio of 40:1 was chosen.
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Figure 5.5 Effect of split ratio for FAMEs on peak height (mV) and peak area
(mV.s).

Table 5.5 Retention times of FAMEs obtained from varying split ratios.

Split ratio Retention time (minutes)
C16:0 C16:1 C18:0 C18:1 C18:2
20:1 2.14 2.25 2.98 3.12 3.44
30:1 2.14 2.25 2.98 3.12 3.43
40:1 2.14 2.24 2.97 3.12 3.43
50:1 2.14 2.24 2.97 3.12 3.43




Wanvisa Chomsiri

Results and Discussion / 42

Table 5.6 Resolution of FAMEs obtained from varying split ratios.

Resolution (mean + SD)

(C16:0)

(Cl6:1)
(C17:0)

Retention time (minutes)

Split ratio
C16:0 Cl16:1 C18:0 C18:1 C18:2
20:1 1.34 £ 0.03 2.67+0.04 | 450+£0.05 | 1.30+£0.03 | 2.41 £0.02
30:1 1.55+0.03 3.17+0.05 | 5.13+£0.09 | 1.43+£0.02 | 2.77+0.07
40:1 1.58 £0.03 337+0.08 | 540+£0.05 | 1.46 £0.01 | 2.94+0.06
50:1 1.65+£0.02 3.53+£0.02 | 5.62+0.05 | 1.54+0.01 | 3.06 +£0.04
129 (20:1)
0l (30:1)
0.8
0.6
~ 0.4 4
>
g 0.2 -
) - T 1
%ﬂ 0 0 2 3 4
,B 1.2 4
> 1 (40:1)

Figure 5.6 Chromatograms of FAMEs (10 mg/L) at various split ratios.
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5.1.4 GC conditions

The optimum GC conditions for the analysis of FAMEs are illustrated
in Table 5.7. The chromatogram and chromatographic data of FAME:s are illustrated in
Figure 5.7 and Table 5.8, respectively.

Table 5.7 The optimum condition of the GC-FID.

Parameters Conditions
Column DB-WAX capillary column (30 m x 0.32 mm i.d.,
0.25 um film thicknesses, polyethylene glycol)
Oven temperature 210 °C
Injection port split mode (40:1)
Injector temperature 250 °C
Detector temperature 224 ()
Injection volume 1 uL
Carrier gas He (125 kPa)
Make up gas N, (100 kPa)
Fuel gas H; (70 kPa)
Oxidant gas Air (50 kPa)
Carrier gas flow rate 0.5 mL/min
1.2 4
§ 0.8 < 5
g
o 06
&
S 04
>
027 &—“
O T T
0 1 2 3 4

Retention time (minutes)

Figure 5.7 Chromatogram of FAMEs (10 mg/L) C16:0, C16:1, C18:0, C18:1 and
C18:2 from the optimum GC-FID condition.
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Table 5.8 Chromatographic data of FAMEs using the optimum condition.

Retention | Peak width Peak
FAME tin.‘le .at half . asymmetry Resolution
(min) height (min)
%ﬁtgﬁ_gﬂfsﬁaw 2,01 0.07 1.31 :
?éﬁtgzl_gﬂgiwleate 2.10 0.07 137 1.55
lgétﬁit;}l()l_léelfl);[;ldodecanoate 231 0.09 1.48 328
lgé‘it;—‘/ol_gle{ir)ate 2.73 0.11 133 527
?é?gyllglﬁge 2.86 0.11 1.47 1.42
?éﬁtgzyzl_gﬁl)eate 3.13 0.13 1.40 2.87

5.1.5 Analytical performance

Method validation of the GC was investigated to confirm the method
performance for determination of FAMEs. All validation parameters were evaluated
using the optimum GC-FID condition as given in the section 5.1.4. Results of the
analytical performances including linearity, limit of detection and precision are

described in the Table 5.9.

The limit of detection was determined using signal-to-noise ratio value
at 3 to 1 as described in section 4.5.2. Methyl stearate gave the lowest value of the
detection limit. However, limit of detection of all methyl esters were in the same order

of magnitude.

The internal calibration curves of FAMEs obtained from the optimum
GC conditions are shown in Table 5.9. The linear ranges of all FAMEs were in the
range of 0.5-100 mg/L and showed high linearity with high linear regression (r* >
0.9990).
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Table 5.9 The analytical data of FAME obtained from the optimum condition.

¢ LOD Linear
FAMEs R Calibration equation r range % RSD @
(min) (mg/L) (mg/L)

C16:0 2.01 y =0.1071x - 0.0804 0.9997 0.30 0.5-100 5.86
Cleé:1 2.10 y =0.1054x - 0.0908 0.9998 0.29 0.5-100 1.33

C18:0 2.73 y=0.0969x - 0.1109 0.9996 0.03 0.5-100 4.77
C18:1 2.86 y =0.0999x - 0.1147 0.9995 0.28 0.5-100 5.20

C18:2 3. 1% y =0.1065x -0.0636 0.9997 0.19 0.5-100 2.50

@ 04 RSD = Relative standard deviation (n=10) at the concentration of 0.5 mg/L

5.2  Characterization of vegetable oils

Vegetable oils must be characterized prior to prepare biodiesel because
different source of oils will affect the quality of the product. Common characteristics
are acid value (AV) and saponification value (SV). The acid value refers to FFA
content in the oil and it will directly affect the usage of NaOH/MeOH because of
occurring of soap formation. The saponification value refers to total FA in the oil
which consists of FFA and FA bonded with triglyceride. This value can be used to
calculate molecular weight of oil and to estimate the ratio of methanol to oil for the

biodiesel production.
5.2.1 Acid value (AV)

The acid value is a measurement of the FFA content in vegetable oil. Its
can be determined by standard methods (A.O.C.S. Official Method Cd 3d-63). The
general of vegetable oil have acid value less than 1 mg KOH/g. Used oil has high
amount of FFAs leading to show the acid value more than 1 mg KOH/g. The high
amount of FFA affects in the FAME preparation. Results of acid value of vegetable

oils are also summarized in Table 5.10.
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Saponification value is a measurement of the average molecular weight

(or chain length) of all FAs in vegetable oil. Its can be determined by the standard
methods (A.O.C.S. Official Method Cd 3d-63). The results of saponification value are

also summarized in Table 5.10.

5.2.3 Molecular weight

Molecular weight of vegetable oils (triglyceride) can be calculated by

using SV of triglyceride molecules in vegetable oil and acid value of oil. Results of

molecular weight of vegetable oils are presented in Table 5.10.

Table 5.10 Common properties of vegetable oils obtained from the experiment.

Vegetable oil Saps;luf::cg)tmn A(gg sz)lg/eg;b) %FFA® | dl\gllte f)l;loal{ o)
(mg KOH/g)
Soybean oil 198.85 ! g 0.16 847.68
Palm oil 192.10 0.96 0.42 880.69
Sunflower oil 198.96 0.27 0.14 847.23
Rice barn oil 194.22 0.55 0.28 869.13
Coconut oil 200.23 0.87 0.47 844.97
Used palm oil 198.59 2.20 1.07 857.11
Jatropha oil 228.75 36.35 18.34 873.32

®'SV, AV, % FFA and MW of vegetable oil determined by the acid-base titration
technique (A.O.C.S, 1989)
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5.3 Derivatization methods

FAMEs can be produced from both parts of FFA and FA bonding with
triglyceride by esterification and transesterification, respectively. FAs and triglyceride
are major component of vegetable oil. The reaction conditions of esterification and
transesterification were studied to optimize the best condition of the FAME
preparation. Adjusted parameters of the reaction were types of catalysts, catalyst

concentration, reaction temperature and reaction time.

5.3.1 Esterification

The esterification reaction is the reaction of carboxylic acid with
alcohols to produce FAME and water. Summary of esterification reaction is shown as

following Figure 5.8.

0} 0}
Acid catalyst

R—C—OH + MeOH R—C—OMe + H,0

Fatty acid Methanol FAME Water

Figure 5.8 The esterification reaction of FA with methanol.

5.3.1.1 Effect of acid catalyst for esterification

Methanolic reagents containing BF;, H,SO4, HCl and HNO;
with the concentration of 10% (v/v) were compared in the esterification reaction of
FAs with methanol using the reaction temperature at 50 °C for 10 minutes. Results of
acid catalyst are shown in Figure 5.9 by comparing a ratio of peak area of FAMEs and
C17:0 internal standard. The commonly used acid catalysts for esterification are HCI,
H,SO,4 and BF; [Liu, 1994] The results showed no significant difference between
H,SO,4 and BF;. BF; is more toxic and expensive. Therefore, it does not a suitable
catalyst. Otherwise, undesirable side reaction probably occurred such as hydrolysis of

FAME to FFA. HCl is a very strong acid, low pK, (pK, = -8) thus it has high potential
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to hydrolyze FA. HNOj has higher pK, value (pK, = -1.5) than HCI and H,SO,, that
does not enough to esterify FA. H,SO4 has moderate pK, value (pK, = -3) which is a
better choice of the catalyst in this study. Using H,SOj4 catalyst in the esterification
gave the maximum ratio of peak area. Therefore, H,SO4 in MeOH was used for the
esterification reaction of FAs.

1.4 7
121

1

webnl

C16:0 Cl6:1 C18:0 C18:1 Cl18:2
FAMEs

Peak ratio

m 10% BF; ®10% H,SO, B 10% HClI O 10% HNO;

Figure 5.9 Peak ratio of FAMEs and C17:0 on types of acid catalyst.

5.3.1.2 Effect of H,SO4 concentration

The concentration of H,SO, was varied in the range of 1-20%
(v/v). The reaction was performed at 50 °C for 10 minutes. Results of the H,SO4
concentration are shown in Figure 5.10.

1A
0.9
0.8
0.7 -
0.6 -
0.5 4

Peak ratio

0.4 4

0.3 1
0.2 4
0.1 4

0 T T T T 1
0 5 10 15 20 25

% H2S 04 (% V/V)
——C16:0 —=— C16:1 C18:0 —<—C18:1 C18:2

Figure 5.10 Peak ratio of FAMEs and C17:0 on H,SO, concentration.
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The peak area of FAMEs increased with the increasing of the
concentration of H,SO4. However, the excess of acid catalyst can convert FAMEs to
FFAs leading to the decreasing of peak area. At higher concentration of H,SO,, lower

ratio of peak area was observed. The optimum concentration of H;SO4 was 10% (v/v).

5.3.1.3 Effect of reaction temperature

In order to study effects of temperature on a ratio of peak area
of FAMEs, the reaction temperature was varied from 40-70 °C using the reaction time
for 10 minutes. Results of the reaction temperature are presented in Figure 5.11. It was
shown that maximum peak areas of FAMEs were obtained at the reaction temperature
of 50 °C. Lower reaction temperature (40 °C) gave lower peak area because the
reaction was not completed. However, the reaction temperature is limited by the
boiling point of methanol (65 °C). Then, higher temperature than 60 °C showed the
decreasing of the peak area. The optimum reaction temperature was selected at 50 °C

for the esterification reaction of FA using 10% (v/v) HoSO4 in MeOH.

0.9 -
0.8

0.7 4 N
- e —

=) i = = 3 9 hg
g o6 . — /N\I
= >
S 05
-
S 04
A
03
0.2 -
0.1
0 . . . . .
30 40 50 60 70 80

Reaction temperature (°C)

——C16:0 —=—Cl6:1 C18:0 —%—C18:1 C18:2

Figure 5.11 Peak ratio of FAMEs and C17:0 on reaction temperature.
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5.3.1.4 Effect of reaction time

The reaction time of the esterification was varied from 0-20
minutes by using H>SO4 10% (v/v), reaction temperature at 50 °C. Results of the
reaction time are shown in Figure 5.12. It was shown that peak areas of FAMEs
increased with the increasing of reaction time. Therefore, the optimum reaction time of

10 minute was selected for the esterification reaction.

0.8 ~
0.7 1

0.6 A

0.5 1 fin

0.4 4

Peak ratio

0.3 4

0.2 1

0.1 1

0 5 10 15 20 25
Reaction time (minutes)
—e—Cl16:0 —m—Cl6:1 CI18:0 —%—ClI8:1 —%— (182
Figure 5.12 Peak ratio of FAMEs and C17:0 on reaction time.

5.3.2 Transesterification

Transesterification is the reaction of oil or triglyceride with an alcohol
to form esters and glycerol. Summary of transesterification reaction is shown in Figure

5.13.

HZC_OCOR1 Base catalyst RICO(:)CH3 HZC—OH
| |
HZC_OCOR3 Transesterification R3COOCH3 H2C_OH
Triglyceride Methanol FAMEs Glycerol

Figure 5.13 The transesterification reaction of triglyceride.



Fac. of Grad. Studies, Mahidol Univ. M. Sc. (Appl. Anal. and Inorg. Chem.) / 51

5.3.2.1 Effect of base catalyst for transesterification

NaOH, KOH and NaOCH; were compared in the
transesterification reaction of soybean oil with methanol using 1.0% (w/w) of base
catalyst and the reaction temperature was performed at 60 °C for 30 minutes. Results
of the catalyst types on the ratio of peak area of FAMEs/C17:0 are shown in Figure
5.14. No significant results of each base were observed in the peak ratio of FAME
from the transesterification reaction. The reaction can be performed by using NaOH,
KOH and NaOCHj3; in methanol for preparing FAMEs from vegetable oils. The base
catalyst of NaOH was selected for the transesterfication reaction because of the lowest
cost. The product cost will be considered from all variable parameter. So, cheap base

is an alternative source of the production.

3.5 1

3
2.5 1
1.5 4
0.5 1

C16:0 Cl6:1 C18:0 C18:1 C18:2

Peak ratio

FAMEs
m KOH @ NaOH 0O NaOMe

Figure 5.14 Peak ratio of FAMEs and C17:0 on types of acid catalyst.

5.3.2.2 Effect of NaOH concentration

The effect of NaOH concentration on the transesterification of
soybean oil was investigated by varying the concentration in the range of 0.1-1.5%
(W/Woi1). The reaction condition was performed at the reaction time for 30 minutes,
molar ratio of methanol to oil of 6:1 and the reaction temperature at 60 °C. Results of

NaOH concentration on the ratio of peak area of FAMEs/C17:0 are shown in Figure
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5.15. NaOH of 0.1% (w/w.i) was insufficient to perform the reaction completely by
showing the lowest of peak area. Higher soap formation was observed at the higher
base concentration, 1.25-1.5% (W/W,ij). The optimum concentration of 1.0% (W/woi)
NaOH was selected for the transesterification reaction of vegetable oil.
6 -
5 |

4

Peak ratio

N |

"o

| S .

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

NaOH (%w/w)
——C16:0 —m—C18:0 C18:1 —=¢—Cl18:2

Figure 5.15 Peak ratio of FAMEs and C17:0 on NaOH concentration.

5.3.2.3 Effect of molar ratio of methanol to oil

Molar ratio of alcohol to vegetable oil is one of the most
important parameter for the transesterification. Theoretically, the stoichiometric ratio
of alcohol to oil for transesterification is 3:1 to produce 3 mol of FAME and 1 mol of
glycerol. However, the excess usage of alcohol is required to perform the reaction
completely because several factors in the real performance influences on the reaction
yield. In this work, molar ratios of MeOH to oil were varied from 4:1 to 10:1. The
reaction was performed at the temperature of 60 °C for 30 minutes using 1.0% (w/w)
NaOH. The results are shown in Figure 5.16. Lower ratio of peak area was observed at
the molar ratio of 4:1 and 5:1 which indicated the incomplete reaction. Moreover,
higher molar ratio than 6:1 also affected the separation of glycerol and FAME fraction
from the solution. The maximum ratio of peak area was obtained at the molar ratio of
6:1 (MeOH:oil). Therefore, the optimum molar ratio of methanol to oil at 6:1 was

selected for the transesterification reaction.
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Figure 5.16 Peak ratio of FAMEs and C17:0 on molar ratio of methanol to oil.

5.3.2.4 Effect of reaction temperature

The effect of reaction temperature on the transesterification of
soybean oil was investigated by varying the temperature from 40-70 °C. The reaction
was performed at the reaction time of 30 minutes, molar ratio of methanol to oil at 6:1
and using 1.0% (w/w) NaOH as catalyst. Results of the reaction temperature are
presented in Figure 5.17. The reaction temperature at 60 °C was selected for the

reaction.

4.5
i[s T
4
3.5 4
.Q
g 3
B
= 2.5
&
2 It
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14
05 -ITH
0 . : , N ,
Cle:1 C18:0 C18:1 C18:2 C18:3
FAMEs

B40°C @ 50°C @60°C O 65°C O70°C

Figure 5.17 Peak ratio of FAMEs and C17:0 on reaction temperature.
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5.3.2.5 Effect of reaction time

The reaction time of transesterification was varied from 5-90
minutes. The reaction condition was performed at the reaction temperature of 60 °C,
molar ratio of methanol to oil at 6:1 and using NaOH 1% (w/w) as catalyst. Results of
the reaction time are shown in Figure 5.18. Ratio of peak areas of FAMEs increased
with the increasing of the reaction time. The optimum reaction time of 30 minutes was

selected for the transesterification reaction.
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Figure 5.18 Peak ratio of FAMEs and C17:0 on reaction time.

5.3.3 FAME preparation using two-step method

Acid-base and base-acid methods for FAME preparation were operated
by using used palm oil with high FFA contents (acid value > 1 mg KOH/g). The
results of FAME concentration from the two step methods are shown in Figure 5.19.
There were no significantly different between comparing datas at 95% confidence
interval (P > 0.05, tyu < teritica). The comparing data of FAME concentration from the
two methods are summarized in Appendix B. Therefore, acid-base and base-acid
method for FAME preparation were successfully performed in the used palm oil or

acidic oil.
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Figure 5.19 Comparison between acid-base and base-acid catalyzed methods of used

palm oil.

On the other hand, jatropha oil gave different results in the two-step methods.
The base-acid method was produced less FAMEs concentration than the acid-base
method. The results are shown in Figure 5.20. The higher amount of FFA contents in
jatropha oil produce more water in the reaction. As a result, water contents affected in
the two-step method of base-acid method. Then, effect of the water content was

studied in the following section.

800 -

700 B Acid-Base
600 1 O Base-Acid

500 -
400

300 A

Concenration (g/L)

200
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! -

Cl16:0 C18:0 Cl18:1 Cl18:2
FAMEs

Figure 5.20 Comparison between acid-base and base-acid catalyzed methods of

jatropha oil.
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In order to study the effect of water content, the reaction was
investigated by adding water into the reaction after base catalyzed transesterification.
Results are shown in Figure 5.21. High water content will affect in the second step of
using acid catalyst due to FAME possibly hydrolyzes to become FFA. This effect
occurred more than the FAME produced. Therefore, the more water generated from
the saponification reaction in the first step of base catalyzed will affect the reverse

reaction in the second step.

41 B Base-Acid (no water) in two step method
3.5 @ 10% (v/v)
B 50% (v/v)
@ 100% (v/v)

S g3
E 5 0O Base (no water) in one step method
g
1.5
1
0.5 m

C16:0 C18:0 C18:1 C18:2
FAMEs

Figure 5.21 Effects of water content on base-acid catalyzed method (peak ratio of

FAMEs and C17:0).

5.4 Determination of FAMEs in vegetable oil

5.4.1 Comparison of FAMEs calibration

Comparison results of standard FAME and FAME obtaining from the
derivatization of FFAs with are shown in Figure 5.22. The calibration method was
performed by using internal standard method. It can be seen that the internal
calibration of FAME from two methods are shown no significant difference results at
95% confidence interval (P > 0.05, tyar < teiica). Statistical test data for comparing
standard calibration curves is presented in Table 5.11. The internal calibration of

FAME compounds was used for determination of FAME in vegetable oil.
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Figure 5.22 Comparison of internal calibration curves of FAMEs from (m) standard

FAMEs and (A) derivatized of FFAs using 10% (v/v) H,SO4 in MeOH; (a) C16:0, (b)

Cl6:1, (c) C18:0, (d) C18:1 and (e) C18:2.
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Table 5.11  Statistical test data for comparing the internal calibration of FAMEs
obtained from standard FAMESs and derivative of FFAs

FAME t Stat P (T<t) two-tail t Critical two-tail
C16:0 0.51 0.61 2.05
Cle6:1 -0.07 0.95 2.05
C18:0 -1.02 0.31 2.05
C18:1 -0.21 0.84 2.05
C18:2 -0.35 0.73 2.05

5.4.2 Calibration of FAs

External calibration curve was performed by preparing standard
FAMEs in the same range of FAME concentration in the sample. The major
components of FAME in vegetable oils were such as C16:0, C18:0, C18:1 and C18:2.
Table 5.12 shows the concentration values of FAME in vegetable oil samples
comparing the values obtained from the external and internal standard curves. The
calibration curves are shown in Figure 5.23 for comparing the external calibration (left

column) and internal calibration (right column).

Internal standard method is widely used in the chromatographic
techniques. The internal standard must be similar to the chemical properties of the
analyte and completely separate from other compound in the chromatogram. In this
work, the FAME of C17:0 was used as an internal standard by adding into the samples
and the standard solutions with a given concentration. The internal standard curve is
plotted between of the ratio of analyte signal and internal standard signal with the

analyte concentration.

The concentration values of FAME:s in the vegetable oils using external
standard curves were compared with the concentrations from internal standard curves
by using t-test at 95% confidence interval as summarized in Table 5.13. The values of
external standard method were significantly different comparing with internal standard

method (P < 0.05, tsar > teritical). However, the internal standard method was used for
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determination of FAME from vegetable oil for correction the loss of analytes during

the preparation and the analysis steps.

Table 5.12 The concentration values of FAMEs (g/L) obtained from external and

internal standard curves.

Vegetable C16:0 C18:0 C18:1 C18:2

oils
External | Internal | External | Internal | External | Internal | External | Internal

Soybean 123.34 104.98 46.53 45.93 269.53 223.60 582.78 410.62
oil +5.44 +0.37 +3.99 +3.04 +12.26 +6.09 +12.69 +9.78

Sun- 69.32 55.85 39.29 38.26 468.77 | 362.29 | 637.23 | 433.74
flower oil | +3.41 +1.90 +1.71 +1.31 +16.74 +8.47 +6.93 +7.98

Rice barn | 259.07 | 182.65 30.88 32.34 502.10 | 399.41 | 418.96 | 293.28
oil +16.97 +8.46 +4.65 +2.67 +32.05 +9.81 +11.78 +6.70

504.87 | 330.17 53.84 45.72 580.76 | 431.61 156.27 96.67

Palm oil 49017 49 92 AT 1248 +17.67 +6.86 +6.84 +4.12

Coconut 336.36 | 315.74 52.94 44.87 372.12 | 358.58 116.67 115.13

oil A +21.22 | £9.05 +2.67 +1.14 +5.16 +9.49 +4.45 +4.99
Coconut 83.48 68.28 45.57 34.92 62.94 56.76 13.76 15.12
oil B +11.15 +7.75 +4.15 +2.22 +4.38 +6.41 +3.27 +2.40
Used 445.8 382.82 56.03 56.14 453.45 | 433.51 126.43 103.02

palm oil +10.56 +3.94 +5.24 =5 7 +2.66 +7.33 +5.83 +5.45

Jatropha 308.45 | 183.84 | 103.71 92.16 707.28 | 621.94 | 551.20 | 300.86
oil +10.25 +8.94 +6.40 +5.84 +22.38 | +40.29 +4.93 +3.08

Coconut A was prepared by heating.

Coconut B was prepared by cool extraction.
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Internal calibration
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Figure 5.23 Comparison of external and internal calibration of FAMEs.
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Table 5.13 Statistical test data of pair t-test between external standard and internal

standard methods at 95% confidence interval.

Vegetable oils FAMEs t Stat P (T<t) two-tail | t Critical two-tail
Soybean oil C16:0 2.97 0.10 4.30
C18:0 -0.63 0.59 4.30
C18:1 25.61 0.01 4.30
C18:2 10.73 0.01 4.30
Sunflower oil C16:0 11.84 0.01 4.30
C18:0 2.17 0.16 4.30
C18:1 13.37 0.01 4.30
C18:2 17.00 0.01 4.30
Rice barn oil C16:0 14.24 0.01 4.30
C18:0 -1.28 0.33 4.30
C18:1 9.17 0.01 4.30
C18:2 11.56 0.01 4.30
Palm oil C16:0 7492 0.02 4.30
C18:0 9.83 0.01 4.30
C18:1 757 0.02 4.30
C18:2 35.78 0.01 4.30
Used palm oil C16:0 3.60 0.07 4.30
C18:0 0.80 o4l 4.30
C18:1 1.65 0.24 4.30
C18:2 3.74 0.06 4.30
Jatropha oil C16:0 4.24 0.05 4.30
C18:0 16.74 0.01 4.30
C18:1 4.43 0.05 4.30
C18:2 5.53 0.03 4.30
Coconut oil A C16:0 3.21 0.94 4.30
C18:0 7.45 0.02 4.30
C18:1 1.23 0.35 4.30
C18:2 2.42 0.14 4.30
Coconut oil B C16:0 7.72 0.02 4.30
C18:0 27.83 0.01 4.30
C18:1 5.67 0.03 4.30
C18:2 -2.71 0.11 4.30
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5.4.3 Comparison of FAME conversion derived from GC-FID and 'H-
NMR
The conversion values efficiency of FA to FAME were also studied by
using 'H-NMR technique. This technique was chosen to check the conversion of the
triglyceride to the FAME compound. The conversion from 'H-NMR technique was
compared with the GC techniques, as presented in Table 5.14. It shown that the FAME
conversion from two techniques were no significant difference result at 95%
confidence interval (P > 0.05, tga < teritica), @5 summarized in Table 5.15. On the other
hand, the percent conversion from coconut oil B showed significantly different result
(P < 0.05) because the other FAs which are not in the range of interest were found in
the profile. This could affect the calculation of conversion by using GC-FID.
Therefore, the percent conversion from GC-FID was less than 'H-NMR technique

which calculated from all FAMESs in the reaction.

Table 5.14 The FAME conversions derived from GC-FID and 'H-NMR.

Vegetable oil % Conversion from GC yy Converjigh from
'H-NMR
Soybean oil 80.29+5.75 100.00
Sunflower oil 80.774+2.93 100.00
Rice barn oil 93.97+11.34 100.00
Palm oil 83.93+0.57 100.00
Coconut oil A 80.20+5.34 100.00
Coconut oil B 16.47+1.49 100.00
Used palm oil 74.12+1.96 100.00
Jatropha oil 96.62+4.73 100.00
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Table 5.15  Statistical test data of pair t-test between percent conversions derived

from GC-FID and "H-NMR at 95% confidence interval.

Vegetable oil t Stat P (T<t) two-tail t Critical two-tail
Soybean -1.30 0.32 4.30
Sunflower -3.65 0.07 4.30
Rice barn -0.04 0.97 4.30
Palm oil -4.30 0.05 4.30
Used palm oil -3.16 0.09 4.30
Jatropha -2.68 0.12 4.30
Coconut A -4.46 0.05 4.30
Coconut B -65.16 1.18E™ 4.30

5.4.4  FA profile in different source of coconut oils
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Figure 5.24 FA profiles of (a) coconut oil A was prepared by heating, and (b) coconut

oil B was prepared by cool extraction.
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The FA profile can be investigated in the different sources of vegetable
oil. In this study, coconut oils were used to study the FA profile. The samples were
obtained from the different source of the method preparation of the oils. Coconut A
and B were prepared by heating and cool extraction, respectively. The FA profiles of
individual sources of coconut oil were shown different, as presented in Figure 5.24.
Some types of FA in coconut oil could not be identified because these FA are not in
the range of interested or there are no standard FAs to confirm. However, the unknown
FAs can be predicted by using the correlation between retention time and carbon

numbers of FAMEs.

5.4.5 Characterization of FAMEs

Biodiesel has different fuel properties in comparison to the
conventional diesel fuels. For example, it contains almost no sulfur, no aromatics, non-
toxic, biodegradable and environmentally friendly fuel. Consequently, these
advantages of biodiesel make it possible to be a candidate for a diesel substitution.
Biodiesel can be blended with petroleum diesel fuels and used in diesel engines.
Therefore, characterization of the properties of biodiesel fuel is needed before using in
a diesel engine [Alptekin, et al., 2009]. Viscosity and density are important parameters
of biodiesel and diesel fuel standards because of being key fuel for determining
efficiency of a fuel for diesel engines as fuel introduced into the combustion chamber.
High density causes poor fuel atomization [Knothe, 2005]. The density of biodiesel
usually varies between 0.86 and 0.90 g/mL in addition to the standard viscosity varies
between 3.5 and 5.0 KcSt [Alptekin, et al., 2008]. In this study, the results of density
and viscosity were presented in Table 5.16. The density values were obtained from the
experiment. The viscosity values were calculated from an empirical correlation as
described in section 4.4.1.7. The densities of methyl esters produced in this study were
in the range of standard value. Moreover, the density is relate to the cetane number
and heating value. Because of the high density fuel exhibits lower combustion engine.
Some of the other important values were also studied such as acid value and iodine
value, as presented in Table 5.16. The acid value refers to acidity of fuel which affects

to the corrosion and engine deposits ["Biofuel testing," 2007]. The iodine value (or
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iodine number) is commonly used as a measure of the chemical stability properties of
the biodiesel. This value has been used to indicate the total amount of unsaturation
contained in the biodiesel [Ramos, et al., 2009]. A higher iodine value indicates a
higher quantity of double bonds in the sample therefore, biodiesel has lesser stability
and high potential to polymerise leads to deterioration of the lubricating system [Jon,
et al., 2004]. The results of basic properties of FAMEs/biodiesel from the preparation
in the term of small scale are followed by the standard method of ASTM D664.

Table 5.16 Basic properties of FAMEs derived from vegetable oil.

o/ Acid value Density Viscosity Iodine

© me KOH/g (g/mL) (KcSt) value @
Soybean oil 0.29 0.87 4.13 8.64
Rice barn oil 020 0.87 4.13 8.84
Sunflower oil 0.15 0.86 3.79 8.82
Palm oil 0.29 0.86 3.79 8.86
Coconut oil 0.29 0.86 3.79 8.87
Used palm oil 0.29 0.87 4.13 8.78
Jatropha oil 0.29 0.87 4.13 8.85
Standard palm biodiesel 0.44 0.86 3.79 8.79
Standard soybean biodiesel 0.29 0.87 4.13 8.50

© ASTM D664 (Acid value < 0.5 mg KOH/g)
@ ASTM D664 (Todine value < 120 g 1,/100 g)
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CHAPTER VI
CONCLUSION

Vegetable oils are more attractive source of substitution fuel because most of
currently using energy comes from fossil fuels known as non-renewable fuel. Due to
many advantages of biodiesel therefore, it have been many studied. Biodiesels
(FAMEs) were derived from FFAs and triglyceride presenting in vegetable oil via the
transesterification with alcohol in the presence of a catalyst. In this research, important
parameters affecting to the preparation of FAMEs from vegetable oil and the
appropriate instrumental condition were optimized. The FAME products were
investigated by GC-FID comparing to *H-NMR in order to confirm the result. The FA
in vegetable oil was determined as FAME compounds under the appropriate GC-FID

condition.

In the analysis, gas chromatography equipped with FID detector was optimized
for determination of FAMEs which were separated on of DB-wax column using split
injection at ratio of 40:1 and Helium carrier gas at a flow rate of 0.5 mL/min. The
column temperature was set at 210 °C as isothermal. The injector and detector
temperatures were maintained at 250 °C. A good linearity and a low detection limit
level of FAMEs were in the range of 0.5-100 mg/L and 0.19-0.30 mg/L, respectively.
An internal standard calibration of FAMEs was used for the determination these
compounds in the vegetable oil for correction the loss of analytes in the preparation

and the analysis.

The vegetable oils are converted into their methyl esters (biodiesel) by
transesterification which can reduce their viscosity of the biodiesel. The FAMEs
preparation are based on transesterification of triglyceride and esterification of FFAs.
The optimum conditions of FAMEs preparation from vegetable oil have two
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conditions depending on FA contents in vegetable oil. Generally, refined vegetable oil
hasthe acid value less than1 mg KOH/g. Therefore, the direct transesterification
reaction can perform [Alptekin, et al., 2008]. The optimum condition for vegetable oil
with low FFA contents which was optimized in soybean oil was employed at 60 °C of
reaction temperature for 30 minutes, using 6:1 molar ratio of methanol to oil, and
1.0% (w/w) NaOH. The percentage conversions from GC were 80.29-93.97 %. Due to
high cost of the refined oil, the production of biodiesel from used cooking oil was
utilized instead. However, high FFA content in used cooking oil is an impediment to
produce biodiesel by direct transesterification because FFAs easily react with base
catalysts and form soap which prohibits the separation of biodiesel. The appropriate
condition for vegetable oil with high FFA contents was used two steps of acid-base
catalyzed method which was optimized in used palm oil and non-extracted of jatropha
oil. In the optimum acid-base catalyzed method, the esterification reaction was
preliminarily performed at reaction temperature of 50 °C for 10 minutes and using
10% (v/v) H,SOs/methanol as catalyst. Then, the reaction was followed by the
transesterification which proceeded at reaction temperature of 60 °C for 30 minutes,
6:1 molar ratio of methanol to oil and using 1.0% (w/w) NaOH as catalyst. This
condition gave high conversion in the range of 74.12-96.62%. The base-acid method
was not suitable for vegetable oil with high FFA because water generated in the

reaction affected to the next reaction.

The preparation and determination of FAs as FAME compounds in vegetable
oil samples were successfully performed under the optimum GC-FID conditions. The
major FASs in vegetable oils are palmitic acid (C16:0), stearic acid (C18:0), oleic acid
(C18:1) and linoleic acid (C18:2). The FA component in vegetable oil affects in the
properties of biodiesel as in the fuel. The properties of biodiesel are controlled by the
standard method. The biodiesel have an oxygen content which can improve its
combustion efficiency. In fact, highly saturated FAs in vegetable oil affecting to
biodiesel are exhibited as high viscosity, cetane number and heating of combustion.
The density and the viscosity are key determination efficiency of diesel fuel because
the density relates to cetane number and heating value. The high density contributes to

lower combustion engine. The basic properties of FAME from the experiment were
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determined by following the standard method. The acid value was less than 0.5 mg
KOHY/qg, the density in the range of 0.86-0.87 g/mL, viscosity values were 3.74-4.13
KcSt and iodine value less than 120 g 1,/100g. The properties values of FAMEs from
the study were in the range of standard values of biodiesel. The FAMEs from all
vegetable oil samples have a tendency to use as fuel for substituted a diesel fuel.
However, the suitable sources for biodiesel production are considered in the term of
low production cost and large production scale.

Suggestion for the future work

In the present, biodiesel is an alternative energy synthesized from a vegetable
oil or animal fat for substitution of diesel fuel because of non-toxic and biodegradable.
The future work can be carried out in many aspects of the biodiesel production.
Generally, efficiency of the production and properties of the product should be
concerned in the study from lab-scale extended to industrial-scale. The efficiency of
the preparation focuses on the high conversion yield of the reaction. So, various
analytical techniques must be applied to compare the results such as GC, HPLC, IR,
NMR and so on. The comparison of the analytical technique used well help the
researcher for their evaluation of the products. The production of the product can be

performed by following the standard method for quality control of the product.
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APPENDIX A
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Figure A1  Correlation of retention time with carbon numbers of FAMEs.
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APPENDIX B

Table B1 Statistical test data of pair t-test between FAME concentrations from

acid-base and base-acid method at 95% confidence interval.

Vegetable oil t Stat P (T<t) two-tail t Critical two-tail

Used palm oil 1.19 0.36 4.30
Jatropha oil 22.74 0.01 4.30
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APPENDIX C

The chromatograms of FAMESs were found in each type of vegetable oil, as

shown following in this section.

0.005
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0.004 4
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0.002 4
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Figure C1 Chromatograms of vegetable oil samples.
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Figure C1 (cont.) Chromatograms of vegetable oil samples.
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Figure C1 (cont.) Chromatograms of vegetable oil samples.
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'H-NMR spectra of FAMEs from transesterification reaction of individual of

vegetable oils with methanol in optimum condition.
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Figure C9 'H-NMR spectra of FAMEs from jatropha oil by two-step method of base-acid catalyzed transesterification.
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