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CHAPTER |
INTRODUCTION

Biodiesel is defined as the simple alkyl esters synthesized from vegetable oils and
animal fats. Biodiesel has been interested as a green and alternative fuel because of
the recent legislations that control a major reduction of vehicle emission including to
the increasing price of fossil fuel. However, biodiesel has worldwidely not been
commercialized because of the high cost of feedstock used for biodiesel synthesis
which showed its numerous applications. So that reducing the cost of biodiesel
production is to employ low quality feedstocks such as cooking oils which are readily
available and low cost, instead of edible oils. However, the process is challenge due
to the presence of undesirable components such as free fatty acids (FFAs) and water

which are large portion in the low quality feedstocks impact on biodeisel production.

Solid acid catalysts offer significant advantage in the esterification reactions which
avoid the existing problems such as corrosion of the equipment, toxicity and
environment, especially can be recycled. In term of recyclability and reusability, an
ideal solid acid catalyst for biodiesel production should have high stability, copious

strong acid cites, large pores, hydrophobic surface and low cost.

Recently, a new strategy of preparation solid acids derived from various cheap
starting materials hav been developed by Wen’s research group : sulfonation of
carbohydrate- starch, cellulose, D-glucose and sucrose which are carbon materials that
hav been studied to synthesize a high stable solid with density of active SO;H sites are
physically robust and there are no leaching of SOsH derived groups during using and
also showed high catalytic performance for the esterification of high fatty acids.
However, the application of cellulose-derived solid acid catalyst for biodiesel

production from low quality feed stock has not been investigated in details so far

[1-3].



1.1 Objective of the research

In this work, we studied the synthesis of sulfated cellulose prepared from cheap
and waste starting material which derived from cotton linter sulfated with sulfur
trioxide pyridine from waste derived from oils and gas industries and also examined its
catalytic activity of both esterification and transesterification for biodiesel production
from cooking oil containing 20%wt FFA, palm oil mixed with olecic acid as model. The
phenomena of several crucial variables such as molar ratio of oil to alcohol, catalyst

loading and reaction time on biodiesel production were also studied.



CHAPTER Il
THEORY AND LITERATURE REVIEWS

2.1 Alternative energy

In the industrial diesel fuels are interested in developing agricultural usage of
biodeisel. The high energy demand in the industrialized world. A biofuel has stimulated
recently in alternative sources for petroleum- based fuels. An alternative fuel which is
technically feasible, economically competitive to fossil fuel is the use of non-edible
oils. This alternative fuel is defined as biodiesel which is biodegradable and non-toxic

and has low polution emission profiles.
2.2 Biodiesel

Biodiesel is synthesized from vegetable oils or animal fats. Biodiesel is used in
diesel engine without modification because it has properties similar to petroleum
diesel fuel. Biodiesel has a superior lubricity, high flash point, high cetane number, high
oxygen content, low poison and high biodegradability. Moreover, the engines fueled
by biodiesel emit significantly fewer particulate matters, fewer hydrocarbon residue

and less carbon monoxide than using on conventional fossil fuels [4].



2.3 Vegetable oil chemistry

Oils and fats consists of triglyceride molecules of three long chain fatty acids ester
bond to a single glycerol molecule. These fatty acids are different from the length of
carbon chains, orientation and position of double bonds in these chains. The structure

notation is shown in Figure 2.1.

CH,—O—C—R""

Figure 2.1 Structure of a triglyceride

where R’, R, R’ represent hydrocarbon chains of fatty acids varying in carbon chain
length and in the number of unsaturated double bond. The chemical compositions of

palm oil are shown on Table 2.1.

Table 2.1 Chemical compositions of palm oil [5]

Type of fatty acid composition (%) in palm oil Type of fatty acid composition (%)
Myristic (C14:0) 1.0
Palmitic (C16:0) 435
Stearic (C18:0) 4.3
Oleic (C18:1) 36.6
Linoleic (C18:2) 9.1
Other/Unknown 55




2.4 Biodiesel production

2.4.1 Esterification

Esterification is a normal chemical reaction for synthesis of esters. The
carboxylic acids are treated with alcohols in the presence of an acid catalyst. Fatty
acid ester (biodeisel) is obtained from the reaction of 1 mole of a free fatty acid and
1 mole of alcohol as shown in Figure 2.2. However, esterification is sensitive to exact
amounts of reactants in biodiesel production. This reaction is reversible, therefore, an
excess amount of alcohol is required for shifting equilibrium to the right. Water which
is a by-product of the reaction shifts the equilibrium back to the left. Therefore, it is

the best to use conc. H,SOq4 as the catalyst.

+
O H 0]

I
R—C—OH T R'OH

|
R—C—OR' + H,0

fatty acid alcohol ester water
Figure 2.2 Esterification reaction of a fatty acid with an alcohol [6]

2.4.2 Esterification

In the tranesterification of oils and fats, a triglyceride reacts with an alcohol in
the presence of strong acid or base catalyst to give a mixture of fatty acids alkyl esters

and glycerol as shown in Figure 2.3

0
J 0
H catalyst
Hc—0—-C—R" + 3CH;0H == HC—oOH + HC—0—C—R
‘ 0 0
| ot o
HQC_—O_C_'R"' 2 H}C 0 C R
glyceride glycerol ester

Figure 2.3 General equation for transesterification of vegetable oils [7]



Transesterification consists of a sequence of three sequent consecutive
reaction steps. The first step, triglycerides are converted to diglycerides, followed by
conversion of the diglycerides to the monoglyceride, and finally, conversion of the
monoglyceride to glycerol, yielding one ester molecule for each glyceride at each step.
The reactions are reversible; the equilibrium lies towards the production of fatty acids
esters and glycerol. The mechanism and kinetics of transesterification have been

described in detail by the mechanism shown in Figure 2.4.

Triglyceride =~ + ROH Diglyceride + RCOOR

Diglyceride +ROH Monoglyceride+ RCOOR

AN

Monoglyceride + ROH <«——  Glycerol + RCOOR
Figure 2.4 General equation for transesterification of a triglyceride [7]

2.5 Catalytic biodiesel production
2.5.1 Alkali-catalyzed transesterification

The transesterification reaction can be catalyzed by both homogeneous and
heterogeneous catalysts. The homogenous catalysts include alkalis and acids. Sodium
hydroxide, sodium methoxide and potassium hydroxide are the most commonly used
as alkali catalysts. The Alkali-catalyzed transesterification is much faster than acid-

catalyzed transesterification [4].

The mechanism of alkali-catalyzed transesterification is shown in Figure 2.5.
The first step involves the attack of the alkoxide ion to the carbonyl carbon of the
triglyceride molecule, resulting in the formation of a tetrahedral intermediate. In the
second step, the rearrangement of the tetrahedral intermediate gives alkoxide ion to

continue the reaction.



Pre-step:
OH + R'OH =<=——= RO 4+ H0 or
" . +
NaOR —_— R'O <+ Na
Step: 1
O o_
G o |
R'—COR ==l R'—(|3—OR
OR"
Step: 2 -
s 7
R'—C—OR —_— R'—C—OR" + RO_

I
O R"

Figure 2.5 Mechanism of base catalyzed transesterification [7]
2.5.2 Acid-catalyzed transesterification

Transesterification can be catalyzed by BrOnsted acids, preferably by sulfonic
acids. The mechanism of acid catalyzed transesterification of vegetable oil (for a
monoglyceride) is shown in Figure 2.6. However, it can be reversed to di-and tri-
glycerides. The protonation of the carbonyl group of the ester leads to the more
reactive carbon for the attack of the alcohol to give a tetrahedral intermediate. This
intermediate eliminates glycerol to form a new ester and regenerates the catalyst. The
process of transesterification is affected by various parameters depending upon the

reaction condition used. The effects of these parameters are described below.



o) g e
R—C—OR' ~——— R—C—OR'
((?H OH
R—C—OR' + HOR" —~—— R—?—OR'
H?R"

I
HOR" OR"
+
: OH OH
R Lcl: o—H ——=
R R—C—OR" + R'OH
OR"
+
0" i
R—C—OR" R—C—OR" + H’

Figure 2.6 Mechanism of acid catalyzed transesterification

2.5.3 Heterogeneous catalyst

The heterogeneous catalytic tranesterification is included under Green

Technology due to the following attributes:
(1) The catalytic can be recycled (reusability).
(2) There is no or every less amount of waste water produce during the process.
(3) The simply separation of biodiesel from glycerol [6].

Heterogeneous catalysts are potentially useful for the biodiesel production.
The ability to achieve high yields of biodiesel esters without the need to neutralize
and wash the biodiesel products helps make biodiesel production more attractive in
countries where conservation of water resources is critical. Solid acid catalysts offer
significant advantages of eliminating separation, corrosion, toxicity and environmental

problems, therefore; have recently attracted considerable attention [3].



A. An Ideal solid catalyst (heterogeneous catalyst)

An ideal solid acid catalyst for biodiesel sysnthesis should have high stability,
numerous strong acid sites, large pores, hydrophobic surface and low cost. From the
previous researches, inorganic-oxide solid acids such as zeolite and Niobic acid,
Amberlyst-15 showed high catalytic performance. However, these catalysts are
expensive and have poor stability. Sulfated zirconia is an efficient solid acid catalyst,
but is expensive because zirconium is a rare and costly metal and high temperatures
preparation. These limitations of the currently available solid acids have limited to

their practical utility in biodiesel production.

Recently, there is a new strategy of sulfonation of biopolymers. They have been
studied to employ a high stable solid with a high density of active SOsH sites, which is
physically robust and there is no leaching of SO;H groups during using and so showed
high catalytic performance for the esterification. There were many researchers
presented the preliminary characterization of this biomass derived solid acid catalysts
and their successful using for biodiesel production from low quality oils with large free

fatty acids.
B. Cellulose

Cellulose is a polymer containing many chains of glucose monomers as were
shown in Figure 2.7. The chains consist of several hundred to several thousand
monomers. There are many polar hydroxyl groups along cellulose chains by forming
hydrogen bonds with those on adjacent chains. The bonding causes bundless cellulose
chains which effects on the great length and strength of cellulose fibres. The
modification of hydroxyl groups due to their involvement in hydrogen bonding makes

cellulose insoluble and reasonably resistant to chemical attack.
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Figure 2.7 A section of a cellulose chain

2.5.4 Effect of free fatty acid and moisture

The free fatty acid and moisture contents are the important factors for
investigation of the transesterification process. To carry out the base catalyzed
reaction in condition of free fatty acid (FFA) value lower than 3% is needed. The higher
the acidity of the starting oil gives lower conversion efficiency because of soap
formation. If the starting oils with large amount of FFAs are used for synthesis of
biodiesel, they have to be refined saponification. So the acid catalyzed process should
be employed for esterification which is more suitable for this condition for avoiding
the problems. Therefore, two-step esterification process is required for these feed
stocks. Initially, the FFAs of these can be converted to fatty acid methyl esters by an
acid catalyzed pretreatment and in the second step transesterification is completed

by using alkaline catalyst to complete the reaction [11].
2.5.5 Effect of molar ratio of alcohol to oil

The stoichiometric ratio for transesterification requires three moles of alcohol
and one mol of glyceride to give three moles of fatty acids esters and one mole of
glycerol. An acid catalyzed reaction needed an excess amount of alcohol such as 30:1
alcohol/oil ratio, while an alkali-catalyzed reaction required only a 6:1 ratio to achieve

the same ester yield [11].


http://upload.wikimedia.org/wikipedia/commons/thumb/c/c9/HaworthStrukturCellulose.jpg/800px-HaworthStrukturCellulose.jpg
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2.5.6 Effect of reaction time and temperature

Transesterification can be performed at various temperatures, and the methyl
ester yields increase by increasing the reaction temperature, but if the reaction given
excessively high temperature that makes the reaction reach the boiling point of
methanol as a result to methanol's bubbles are formed that hinder the mass transfer
on the phase's interface. Nevertheless, the initial reaction time was quite long because
of the mixing and dispersion of methanol into oil. The reaction proceeded very fast

and reached the maximum value later [11].

2.6 Properties and specification of biodiesel [12]

The characteristics of biodiesel are similar to those derived from fossil diesel,
therefore, biodiesel from vegetable oil becomes a strong candidate to replace fossil
diesel if the demand arises. The quality of the biodiesel was evaluated by the
determination of important properties such as viscosity, flash point, density, acid value
and ester content according to ASTM and EN standards. The values of these properties

of methyl esters were shown in Table 2.2

Table 2.2 Specification for quality of biodiesel [12]

Property Value Method
Viscosity at 40 °C 3-5 ¢St ASTM D445
Density at 15 °C 860-900 keg/cm3 ASTM D4052
Acid number < 0.5 mg KOH/g ASTM D974

Ester content > 96.5 %wt EN 14103

Kinetic viscosity - “the resistance of flow of a fluid under gravity”. [Equal to the
dynamic viscosity/ density] The kinetic viscosity is a basic design specification for the
fuel injectors used in diesel engines. The injectors do not perform properly in high

viscosity condition of biodiesel.

Density - “the mass per unit volume of a substance at a given temperature”
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Acid number - “The quantity of base, expressed as millisrams of potassium
hydroxide per gram of sample, required to titrating a sample to a specified end point.”
The acid number is a direct measure of free acids in biodiesel. The free fatty acids can

lead to corrosion and may be a symptom of having water in the fuel.

Methyl ester: the purpose of this EN is to determine the ester content of fatty
acid methyl ester intended for use as pure biofuel or as a blending component for
heating and diesel fuels. Determination of the percentage of methyl ester of fatty acid

present in the sample by gas chromatography with internal calibration.
2.7 Literature reviews.
2.7.1 Sulfation of Catalyst

In 2010, Grossi et al [13] studied to prepare super absorbent polymer (SAP) showed
high concentration of active sulfonic acid sites (0.7 = 5.9 mmol acid site g*) and high
adsorption capacity (445-900 guaer g7). Commercial sulfonic acid resins and
polyacrylate based superabsorbent polymer showed very activity compare with the
SAP produced. The SAP also showed higher activity compared to the homogeneous
catalyst p-toluene sulfonic acid as result of the ability of sulfonic groups and its water

absorption which shift the esterification equilibrium faster.

In 2012, Mar et al. [1] reported synthesis and characteristics of sulfonic-
functionalized carbon catalyst. The sulfonic canbon catalyst was used as a solid acid
catalyst for esterification of high free fatty acid. The catalyst (Sger = 18.1 m%/g), acid site
density of 1.53 mmol H*/g.,) showing high esterification activity in because of the
efficient accessibility of bulky substrate molecule could be suitable to esterify high

FFA feedstocks which is the way to reduce the production cost of biodiesel.

In 2012, Valle et al [14] studied highly functionalized porous silica-carbon as
sulfonic groups which was synthesized by sulfonation of a carbon layer coating three
types of mesostructure silica. The characteristics of the parent silica are retained in the
composite materials showing a high surface, a large number of active sites which are
easily accessible to reactants in reaction. These sulfonated silica-carbon composites

show as eco-friendly, active selective, water tolerant and recycle. In this work they
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investigate the useful of these composites as a solid acid catalysis for the esterification.
These catalysts also showed higher catalytic activity than Amberlyst-15 as commercial

solid acid.

In 2013, Cheng et al [15] reported on the plant-wide design and control of a
biodiesel process using a sugar catalyst. The result showed that total annual cost of
the plant-wide process is not significantly changed when the FFA content greater than
15%. As compared to a two-step process in literature reviews, the energy consumption
per ton of biodiesel production of our proposed process gives significant 65.8% saving
for an oil feed with 5%wt FFA. Dynamic simulations demonstrate the proposed process
can accommodate production rate and feed changes using a decentralized plant- wide

control structure.

In 2013, Dong et al [16] studied the sulfonated cotton linter and its excellent
application as absorbent for Pb*" in effluent were studied. The results showed that the
sulfonated cotton linter (SCL) has strong absorbility for Pb**, more than 85% of Pb**
and can removed at lower Pb®* concentration (< 20mg/L).Compared with the
commercial activated carbon, SCL is simper to prepare and does not require any

special technology.

In 2013, Bo et al [17] studied about the sulfated konjac glucomannan and its anti-

HIV and blood anticoagulant activity
2.7.2 Biodiesel Production

In 2008, Yong Lou et al [3] studied carbohydrate as solid catalyst prepared from
various carbohydrate such as D-glucose, sucrose, cellulose and starch. The results
showed that the starch-derived catalysts giving the best catalytic performance and
giving high yield of methyl ester in converting waste cooking oils 27.8% high free fatty
acids (FFAs) to biodiesel. Nevertheless, it can be employ under the optimize reaction
giving high proportion (93%) of its successive catalytic 50 cycles of reusability

displaying very excellent operational stability.
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In 2010, Melero et al [4] studied the biodiesel synthesis from crude palm oil
containing large amount of free fatty acids over sulfonatedSBA-15 materials (propyl-
SOsH, arene-SOsH, perfluoro-SOs;H). The catalytic perfomance showed that sulfonic
acid-modified catalysts were more active than Amberlyst-36 and SAC-13 as the
conventional ion-exchange sulfonic resins in the simultaneous esterification and
transesterification with methanol. The catalysts was also recycled. This material was
able to produce a yield to FAME of ca. 95% as determined by 'H NMR in 4 h of reaction
with a moderate methanol to oil molar ratio (20:1), 140 °C and a catalyst loading of 6

wt.% referred to starting oil.

In 2010, Leung [12] studied the synthesis of biodiesel from renewable resources
and waste lipid. This work also reviewed the different ways of cut down of free fatty
acids in the starting oil and refinement of crude biodiesel in the industry. The main
parameters resulting the yield of biodiesel, i.e. alcohol quantity, reaction time, reaction

temperature and catalyst loading, are also studied and discussed.

In 2012, Shu et al [2] studied a carbon-based solid acid catalyst was prepared by
the sulfonation of carbonized asphalt. This catalyst was used to simultaneously
catalyze esterification and transesterification to produce biodiesel from a waste oil
with high free fatty acids (FFAs) as starting oil. This catalyst gave high conversion at 94.8
wt.% after 4.5 h at 220 °C, when using a 16.8 M ratio of methanol to oil and 0.2 wt.%
of catalyst to oil and also showed stability of this catalyst as a result of its high acid
site density (<OH, Bronsted acid sites), hydrophobicity hindering the hydration of —OH
species, hydrophilic functional groups (-SOsH) gaving accessible improvement of
methanol to the triglyceride and FFAs, and large pores giving more acid sites for the

reactants.



CHAPTER 1lI
EXPERIMENTAL

3.1 Materials and equipments

3.1.1 Raw materials

Palm oil and cotton linter are listed in Table 3.1.

Table 3.1 materials and sources
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Material

Source

Palm oil

Cotton linter

Morakot Industries, Samut Prakan; Thailand

Bangplee Cotton Industries Co Ltd, Samut Prakan; Thailand

3.1.2 Chemicals

Anhydrous sodium sulfate: analytic grade; Carlo Erba

Chloroform-D: NMR spectroscopy grade; Merck

Ethanol: analytical grade; Merck

Hexane: analytical grade; Lab-Scan

Methanol: analytic grade; Merck

N, N-dimethylformamide; Merck

Potassium hydroxide: analytical grade; Lab scan

Sodium Chloride: analytical grade; ACS

Sodium hydroxide: analytical grade; ACS

Sulfuric acid: analytical grade; Merck

Sulfur trioxide pyridine complex (SO5-Py);, Merck

Hydrochloric acid: analytical grade; Merck
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All the chemicals were obtained commercially and were used without further

purification.
3.1.3 SCL catalyst

Original cotton linter was sulfated to provide sulfated cotton linter catalyst as

shown in Figure 3.1

Figure 3.1 Representative images (a) original cotton linter, (b) sulfated cotton

linter catalyst
3.2 Equipments

X-ray diffraction (XRD) was used to determine the structure of the sample

Scanning electron microscopy (SEM) using a JSM-6400 was used to determine

the morphology of the catalyst particle.

Fourier transform infrared spectroscopy (FTIR) was used to analyze the SCL

samples obtained by the KBr pellet technique.

The degree of substitution (DS) was determined by elemental analysis (EA) of
sulfur in a Carlo Erba EA1108 CHNS analyzer. Elemental analysis of the samples was
carried out in triplicate, and the mean values were reported. All determinations

showed relative standard deviations below 2% DS was calculated according to Eq (1):

DS = (C_%) X (3—2) (1)
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Where S% and C% are the percentages of sulfur and carbon on a dry basis,
respectively; 32 is the atomic weight of sulfur and 72 is the total molecular weight of

carbon on glucose unit.

The Branauer-Emmett-Teller (BET) analysis was determined surface areas of

SCL were determined from N, adsorption isotherm by a nano-porous system.

The acidity of sulfated cotton linter (SCL) sample was quantified using standard
acid —base titration, where a known mass (0.05¢) of the sample was added to 15 ml of
2.0 M NaCl solution and allowed to equilibrate for 30 min. Thereafter, it was titrated

by the dropwise addition of 0.01 M NaOH (aq).
3.2 Sulfation of cotton linter (SCL)

Cotton linter was first treated with 40% sulfuric acid solution at room
temperature for 6 h then was washed with distilled water and vacuum dried. The
treated cotton linter was dispersed in N, N-dimethyl formamide and stirred at 40°C for
3 h. Then, SOs-Py was added to the solution and stirred at various times 1, 3 and 5 h
in step (1). The best yield (3h DMF, 5h SOs-Py) of sulfonic group sample was filtered
and washed three times with 95% ethyl alcohol due to SCL can either be protonated
to form -SO;H or deprotonated to form -SO'; according to the ionization equilibrium
equation (4.1) order to ensure that all the sulfonic acid groups were protonated so
step 2 (protonation) was continual. The solid was suspended in 10%wt H,SO, solution
for 4 h. The solid was then filtered off and washed thoroughly with ethanol and dried
at 120°C overnight. So the SCL catalyst was shown in Figure 4.1.

- The ionization equilibrium

Cellulose—SO; + H™ = Cellulose—SOsH

(4.1)
- Step 1: Sulfation
1
H OR,
OH RO 0
Ho Q DMF ® SO; o ko
0 THo C OH
0 on Pyre SO;
OH n

OH n

R, = SOH
R, = SO,
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- Step 2: Protonation

Figure 4.1 The chart of synthesized cotton linter catalyst [10, 18]

3.3 Catalyst characterization
3.3.1 Structure and the composition of materials

X-ray diffraction (XRD); XD 6000 was used to determine the structure and the
composition of the crystalline material was determined diffraction peaks (26 =10°-30°)
of XRD pattern is assigned to amorphous because of the immobilization of sulfate

group on the cellulose support.
3.3.2 The morphology of the catalyst particle

Scanning electron microscopy (SEM) ; JSM-6400 was used to determine the

morphology of the catalyst particle.
3.3.3 Functional group of catalyst

Functional groups of catalyst were determined by Fourier-transform infrared
spectra (FT-IR). The FT-IR spectra were recorded on a Nicolet FT-IR Impact 410
Spectrophotometer at the Department of Chemistry, Chulalongkorn University. The
sample were made into a KBr pellet. Infrared were recorded between 400 and 4000

cmtin transmittance mode.
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3.3.4 Elemental analysis (EA) of sulfur

The degree of substitution (DS) was determined by elemental analysis (EA) of
sulfur in a Carlo Erba EA1108 CHNS analyzer. Elemental analysis of the samples was
carried out in triplicate, and the mean values were reported. All determinations

showed relative standard deviations below 2% DS was calculated according to Eq (3.1):

DS = (— — 3.1
(20 * ) CXY
Where S% and C% are the percentages of sulfur and carbon on a dry basis,

respectively; 32 is the atomic weight of sulfur and 72 is the total molecular weight of

carbon on glucose unit.
3.3.5 Surface areas

Surface area measurement was performed by N, physisorption at 77 K using
BELSORP-mini. Prior to N, physisorption, the samples were outgassed for 3h at 400°C.
Surface areas were calculated using the BET (Brunauer-Emmett-Teller method)
equation. The pore size distributions were obtained to the Barret- Joyner- Halenda

(BJH) method from the adsorption branch data.
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3.3.6 The acidity

The total acid sites of the catalyst was determined as follows. 0.05 ¢ of sulfated
samples was placed in a flask, then the catalyst was mixed with 15 mL 2 mol/L NaCl
solution. As H" ion existed in SO4 H of sulfated catalyst, it exchanged with Na* ion by
ultrasonic oscillation for 30 min. Afterwards, the catalyst was filtered. Phenolphthalein
was used as an indicator, 0.02 mol/L and NaOH solution was used to titrate filtrate.
When the color of the filtrate turned from colorless into slightly red, the end point of

titration was reached. The accurate acid quantity was calculated according to Eq (3.2):

c(OH)xAV
m

c(H") (3.2)

where c(H" ) = the acid quantity of the sulfated samples
c(OH) = the concentration of the NaOH solution
AV = the volume of the NaOH solution consumed in titration
m = the quality of the catalyst samples in ultrasonic oscillation reaction
3.4 Biodiesel production
3.4.1 Optimization for catalytic activity of solid acid catalyst
3.4.1.1 Transesterification of vegetable oil

The transesterification of refined palm oil was reacted in a 100 mL round-
bottom flaks equipped with a magnetic stirrer and water cooling condenser at various
molar ratios of oil to methanol (1:9, 1:15, and 1:21) , reaction times (6, 10 and 14 hour)
and catalyst amounts (5, 10, 20 and 30% (mass/mass)) stirred at 200 rpm, 70 °C. After
completion of the reaction, the percentage yield of the methyl oleate was obtained
by 'H NMR with a 300 MHz (Bruker DPX 300) spectrometer using CH,Cl as an internal
standard. The methyl ester yield was determined by the integration ratio of the signals
of methoxy group (3.7 ppm; s, OCHs) of the fatty acid methyl ester to the signal of the
o-carbon methylene group (2.3 ppm, t, 0i-CH,).
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3.4.1.2 Esterification of oleic acid

The reaction was carried out in @ 100 mL round-bottom flaks equipped with a
magnetic stirrer and water cooling condenser at various reaction times (6, 10 and 14
hour), 10% (mass/mass) of catalyst (base on the reactant mass), stirred 200 rpm, 70 °C.
After completion of the reaction, the percent yield of the methyl oleate was
determined by "H NMR with a 300 MHz (Bruker DPX 300) spectrometer using of CH,Cl

as an internal standard.

3.4.1.3 The simultaneous transesterification and esterification of palm oil

with large amount of FFA

The esterification of palm oil containing 30 wt% oleic acid was performed in a
100 mL round-bottom flaks equipped with a magnetic stirrer and water cooling
condenser at various reaction times (10, 14 and 18 hour), molar ratios of oil to

methanol 1:21, 10 wt.% (mass/mass) catalyst loading, stirred 200 rpm, 70 °C.
3.4.2 Characterization and determination of the biodiesels
3.4.2.1 Characterization of the biodiesels
-The biodiesels were characterized by:
- Fourier-transform NMR spectrometer (FT-NMR)

-'H NMR spectra were recorded in CDCl; using CHCl; as an internal standard
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3.4.2.2 % Ester content
- A The % ester content was determined by *H-NMR and GC.
A. Fourier-Transform NMR Spectrometer (FT-NMR)

-The conversion of methyl esters from oilseed plants using 'H NMR. The
conversion of methyl esters was calculated by comparing the peak area of methoxy

and methylene protons using the following equation:

% conversion = [(2|CH3) / (3|CH2)] x 100 (3.2)

Where
lcys =  Integration value of the protons of the methyl esters
(the strong singlet) appear at § 3.7 ppm
lco = Integration value of the methylene protons, appear at § 2.3 ppm
B. Gas chromatography (GC)

-The fatty acid compositions and methyl esters content of the product from

palm oil was also determined by GC.

-The GC condition for the determination of methyl esters was set as condition

of GC used was as follows:
Column: ZB-Wax plus; Zebron, 30m, 0.25 mm 1.D, 0.25 pm
Injector temperature: 240 °C
Detector: Flame ionization
Detector temperature: 250 °C
Column Oven: 50 °C (hold 2 min), rate of 4°C/min to 220 °C (hold 15 min)
Carrier gas: N,
Flow rate: 1.2 ml/min

Volume injected: 1l
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Methyl heptadecaoate was used as an internal standard. The methyl ester

content of biodiesel was calculated by the following equation 3.3:

T A-Ai CixVi
¢ = &40 LDy 100 (3.3)
Al m
Where C = Methyl ester content

YA = Total area of fatty acid methyl esters

Ai = Area of methyl

Ci = Concentration of methyl heptadecanoate solution
Vi = Volume of methyl heptadecanoate solution

m = Mass of the sample

3.4.2.3 Acid value

The acid value was determined according to ASTM D974; The solvent was
prepared by using 250 ml of toluene mixed with 247.5 ml of isopropanol and 2.5 ml
of DI water. The indicator was prepared by weighting 0.5 ¢ of p-naphtholbenzein
diluted with 100 ml of solvent. Titrant was the 0.1 M of KOH. According to the
experiment, 2 ¢ of biodiesel was weighted into an Erlenmeyer flask with 25 ml of
solvent and 0.125 ml of indicator. The mixture was titrated by 0.01 M of KOH until the
color changed from orange to green at the end point. The volume of titrant would be
calculated to find the acid value in biodiesel by using Equation (3.4)

Volume of titrantxNx56.1

Acid value = W (3.4)
Where W = weight of biodiesel (g)
N = normality of KOH
56.1 = average molecular weight of KOH

The results were shown in appendix A.
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3.4.2.4 Determination of the properties of biodiesel

The physical properties of biodiesel were determined according to the test

methods shown in Table 3.2

Table 3.2 Test method of biodiesel fuels

Property Method
Viscosity at 40°C (cSt) ASTM D445
Density at 15°C (kg/cm”) ASTM D4052
Acid number (mg KOH/g) ASTM D974
Ester content (%wt) EN 14103




CHAPTER IV
RESULTS AND DISCUSION

4.1 Preparation of catalyst
4.1.2 Characterization of catalysts
4.1.2.1 Structure and the composition of materials

The hydrolyzed profile of SCL shown in Figure 4.2 is assigned to amorphous
cellulose after sulfation which occured in prepared acid solution. The XRD profile of
SCL in Figure 4.3 shows the broad diffraction peaks (20 =10°-30°) of XRD pattern which
is assigned to amorphous cellulose after sulfation showing the weak intensive because
of the immobilization of sulfate group on the cellulose support, it can be seen that
SCL does not have any sharp defined peaks of polymers after sulfation; only broad
peak which could be attribute to internal strains was shown. Moreover, (20 =10°-30°)
showed that similar to the catalyst was composed of polycyclic aromatic carbon sheets

(3.

Cellulose I crystals,

—— = = = = Cellulose

fibril
Amorphous Cellulose @issoluﬁon

— Acid Soluble cellulose chains

Cellulose Il crystals Partial
/\ recrystallization and

networking

Amorphous
(disordered cellulose)

Figure 4.2 Representation of hydrolyzed cotton linter [19]
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Figure 4.3 XRD pattern of SCL catalyst

The degree of substitution (DS) was determined by elemental analysis (EA) of
sulfur showing DS of SCL reached as high as 0.32, for swelling effect induced by low
hydrophilism of sulfate group effecting on transporting of the high hydrophobic nature
of the starting vegetable oil and fatty acid methyl esters (FAMEs) in their moleculars
famework of catalyst. The admissible optimization of mesostructure cellulose-base
catalyst can be directed to modify its surface hydrophilicity-hydrophobicity balance
make the catalyst higher catalytic activity obtained over increasing hydrophobicity of
sulfate groups. Moreover, it enhanced diffusion of the reactants and products within
the hydrophobic mesopores. The results also showed the percentage element
compositions of carbon, hydrogen and sulfur to ensure that sulfation on hydroxyl
group was complete showing the percentage of hydrogen decreasing as percentage
of sulfur increasing as a result of the SOs;H groups on the cellulose shown in Figure

4.4 [4-5].



27

B%C m%H

50
426 1134
40
10 oSGiH (0 0504
H3050 Hgfm oy
’ 20 o
o ko ~ 19 < Cellulose - 505
N 20 0 ' Sulfated Cotton Linter (SCL)
N 0 Jf 6 59|
Original Cotton Linter{QCL) 0 ‘I
0
OCL SCL

Figure 4.4 The percentage element compositions of carbon, hydrogen and sulfur

of SCL catalyst; OCL (origin cellulose linter) and SCL (Sulfated cellulose linter)

4.1.2.2 The morphology of catalysts

Analysis of the surface morphology of SCL catalyst from Figure 4.5 was also
performed by SEM. The SCL was pretreated by 40 % wt. sulfuric acid solution to
hydrolyze the cellulose chain to become substantially looser with the porous structure
like as shorter fibrous cellulose linter that showed significantly aggregative irregular
particles of the catalysts. The large surface area associated with a smaller particle size
of C-O-SO;H catalyst could facilitate the attachment of more —SO;H groups on the
cellulose support giving the higher acid site density of C-O-SO;H, which also suggested

degree of sulfation.
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Figure 4.5 Representative SEM images (a) 100x magnification, (b) 1000x

magnification, (c) 5000 x magnification

4.1.2.3 Surface area and porosity of catalyst

The results of Branauer-Emmett-Teller (BET) analysis in Table 4.1 showed the
high crystallinity. Sulfation of cotton linter proceeded only on the surface which was
amorphous zones. To improve the cotton linter surface area, cotton linter was
hydrolyzed with 40 %wt sulfuric at room temperature before the sulfation. The BET
surface area of cotton linter hydrolyzed by sulfuric acid increases significantly to 8.12
m?/g. The large surface area makes more group of —SO4H. Average pore diameter
increases significant to 0.35 nm presents to be microporous structure to ensure good

mass transfer properties[9].
4.1.2.4 Acidity analysis

The acid site density of SCL catalyst is 2.15 mmol H'/g showed in Table 4.1. As
H* existed in —=SO4H of sulfated catalyst could be considered as total acidity because
of the contribution of -SO4H group. Additionally, the SCL catalyst showed clearly large
BET area which could explain for high activity owing to the reactants are more accesible

to the SO4H sites in the amorphous cellulose
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Table 4.1 Textural and chemical properties of SCL catalyst

Property Composition
S? content 5.9 wt.%
Seer” 8.12 m?/g
Averange © pore size 0.35 nm
Acid density® 2.15 mmol H'/g

? Determined by elemental analysis
© S ger: BET surface area
c Determined by BET analysis
9 Determined by acid-base titration
4.1.2.5 Functional group of SCL catalysts

The functional groups of SCL catalysts were analyzed by FTIR from Figure 4.6.
The typical absorptions of various SCLs derived from various sulfation times at 1, 3 and
5 h defined as SCLy sozpy, SCLasos.py and (c) SCL ssos.py, respectively. The SCL ssospy
catalyst pattern (c) showed the best complete sulfation reaction as a sulfated cotton
linter catalyst which gave the broad strong absorption a board band of O-H of-SO3;H
stretching vibration at 3450 cm™ (O-H groups stretching), two small sharp bands at
2940 cm ™! and 2885 cm ™! (C-H stretching of the pyranose ring and of C-H, group), two
bands at 1600 cm™' and 1420 cm™ (SOsH stretching vibration), and C-O stretching
vibration for cellulose ring at 1120 cm™, a band around 1250 cm-1 (S=0 stretching)
and two small bands at 840 cn—1 and 820 cm-1 (axial and equatorial C-O-S bending,
respectively), O=S=0 stretching vibration (between1258 and 1057 cm™), C-O-S
vibration assigned to a C-O-SO5 group at 813 cm'’. However, the weak C-H bending
vibration in SCL is covered. These results indicated that the functional group of

sulfonation was successful grafted to cotton linter.
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Figure 4.6 FTIR spectra of SCL catalyst (a) SCLisozpy, (b) SClssospy and
(C) SCL5503_py [20]

4.2 Biodiesel production
4.2.1 Optimization acid catalyzed process
4.2.1.1 Transesterification of palm oil

- Transesterification activity was investigated by the transesterification of palm

oil with methanol.
A. Effect of molar ratios of oil to methanol

- In order to study the affects of several operation factors on the
catalytic performance of SCL solid acid catalyst, several reactions were carried out to
investigate the affect of the molar ratio of oil to methanol and the percentage yields
are shown in Figure 4.7 Theoretically, transesterification reaction in transesterification
one mole of triglyceride requires three moles of methanol converting into the sequent
free fatty acid methyl esters. Transesterification of triglycerides existing in starting oil
is a reversible reaction. Hence, the excess of molr ratio of methanol to oil can shift
the equilibrium towards methyl ester formation. The yield of methyl ester (reaction

conditions: 10 wt.% catalyst loading; 70°C) markedly increased from 76 to 89% after



31

14 h of reaction by increasing of molar ratio of oil to methanol from 1:9 to 1:21.
However; further increase molar ratio of oil to methanol as 1: 36 giving the yield of
methyl ester slightly decreased to 88% because of the dilution of the catalyst which
involved in rate of reaction so when the catalyst was diluted making recation rate
slower whereas the reaction time was fixed at 14 hour. Nevertheless; the affect of OH
groups on SCL catalyst framework which adsorbed the water existing in esterification
and the excess alchohol on the surface of the catalyst make the catalyst less activity.
Therefore, the optimal molar ratio of oil to methanol was choosen at molar ratio of

oil to methanol at 1:21 giving 89% FAME conversion at 14h.

95
90
85
80
75 6
70
65
60
55
50

FAME Conversiom(%)

1:09 1:15 121 1:36

Molar ration of oil to methanol

Figure 4.7 The percentage yield of free fatty acid methyl ester, 10%wt
(mass/mass) catalyst, 14h, 70°C
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B. Effect of catalyst amount

Varying the amount of SCL solid acid catalyst effects on the yield as shown in
Figure 4.8. The catalyst loading is one important parameter that increases rate of a
chemical reaction, so if the reaction using the same time, increasing catalyst loading
increases conversion of free fatty acid methyl ester. The catalyst loading increased
from 5 to 20 wt.%. The optimum yield (89%) was obtained with 10% of the catalyst.
However; increasing the catalyst loading from 15 to 20 wt.% gave slightly decreasing
from 87 to 85 wt.% due to prohibiting freely dispersion of SCL in reactants phrase by

excess mass of catalyst.

100

90 _

e ==0=87 ® 85
80
70 9
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40
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20
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FAME conversion (%)

Amount of catalyst (%)

Figure 4.8 The percentage yield of free fatty acid methyl ester, (1:21) molar of oil
to methanol, 14h, 70°C
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4.2.1.2 Esterification of oleic acid
A. Effect of reaction time

The catalytic performance of SCL solid acid catalyst was evaluated in
esterification of oleic acid at molar ratio of oleic to methanol 1:21, 10%wt. of catalyst
at 70°C. Figure 4.9 which showed the reaction time was studied from 10 to 14 h in
order to study in term of converting profile from oleic acids to methyl oleate in
esterification. The result showed the methyl oleate increase with increasing the
reaction time by high catalytic performance of esterification because of the efficient
accessibility of bulky substrate molecules to sulfated active site in the flexible soft
cellulose linter during the reaction. The reaction time was increased from 10 h to 14h,
the yield of methyl oleate increased from 94 to 99% by excess of methanol. In
addition, the reaction time was studied from 10 to 14 in order to study in term of
converting profile from oleic acids to methyl oleate at the optimum time of 14h.

However; the reaction time at 18 h gave a higher conversion near 100%.

105

g 100
g 0 —g 99
5 95 /T
g
S 90
o
w
s 85
=

80
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70

6 10 14 18

Reaction time( h)

Figure 4.9 The percentage yield of methyl oleate, (1:21) molar of oleic acid to
methanol, 10wt% 70°C
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4.2.1.3 Simultaneous transesterification and esterification
B. Effect of reaction time on high free fatty acid palm oil conversion

The relationship between the % FAME conversion and the reaction time was
evaluated at molar ratio of oil to methanol 1:21 and the results were shown in Fiugre
4.10. In simultaneous transesterification and esterification of high free fatty acid palm
oil at 70°C, the conversion increased and reached the highest with of 98% conversion

at 14 h.At longer reaction time (18), the % conversion of FAME still remained at 98%.

110

100

.‘53/. e ® 98

90
80

70

FAME conversion (%)

60

50

Reaction time( h)

Figure 4.10 The percentage yield of free fatty acid methyl ester, from high free
fatty acid palm oil containing 20%wt FFA: oil to methanol 1:21, 10wt% catalyst,
70°C

As can be clearly seen in Figure 4.11. The non-catalyzed reaction gave a
conversion just only 37wt%. The esterification activity towards oleic acid was much
higher with SCL catalyst under mild reaction conditions which is assumed by the
following three possible reasons. The first reason, fatty acids (oleic acids) are
unsaturated so it can be simply soluble in methanol including to their smaller
molecules than triglycerides, therefore, the esterification proceeded faster. The
second, acid-catalyzed esterification reaction requires relatively low activation energy

than transesterification reaction effecting on faster reaction rate. The third reason is
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probably related to the reaction mechanism of esterification and transesterification.
Methanolysis of fatty acid proceed through simple esterification, while methanolysis
of triglycerides proceeds through complicated transesterification consisting of three
consecutive reaction steps. Due to these reasons, the esterification rate of triglycerides
in palm oil was particularly lower than that of oleic acid as a result of lower activity of
transesterification. For simutaneous the transeserfication and esterification, the OH
groups can adsorb water presence in the esterfication make the catalytic performance
higher. So in the view of the excellent catalytic performance, the SCL was tested giving

the product methyl ester 97wt% by simultaneous esterification and transesterification

(2, 3.

98
100 97

89
90
80
70
60
50
40 37
30

20

CONVERSION OF METHYL ESTER (%)

a b c d
a = Transesterification no catalyst
b = Esterification

c = Esterification

d = Simultaneous Esterification and Transesterification

Figure 4.11 Comparison of production of methyl esters
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4.2.2 Catalyst reusability

The reusability of SCL catalysts in esterification were also investigated out.
Figure 4.12 clearly shows perfomance of catallyst in resuability giving a decrease from
97 to 78% conversion in the reaction yield observed up to the third time of use of SCL
catalyst. The results could be explained by some reasons, e.g. the entrapment of
organic molecules (e.g. ethyl oleate and oleic acid) into the SCL framework and the
composition of some -SO4H groups leaching during the reaction which was clearly
explained by deceasing amouts of sulfur content in reused catalyst from 5.9 to 4.6

wt% [9].

B FAME ™ %S content
120

97
100

86
80
60

40

FAME conversion (%)

20

5.13

1st 2nd 3rd

Reusibility ( time)

Figure 4.12 The percentage yield of free fatty acid methyl ester of reusability of

catalyst
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4.2.3 Activity of catalyst compared with traditional sulfuric acid

The % conversion of methyl esters were compared using SCL catalyst and
sulfuric acid (H,SO4) homogeneous catalyst. The result of the methyl ester conversion
from SCL catalyst was 97% which was slightly lower than that of sulfuric acid shown
in Figure 4.13. On the other hand, the sulfuric acid as a homogenoues ligiud acid
catalyst can not be readily recylced and presents a threat to the environment and the
operator’s health, especially when it is employed on a large scale, whilst the SCL
catalyst is relatively non-toxic, eco-friendly, and can be easily recycled and re-used
many times. Therefore, the SCL catalysts in this study is clearly potential for use as a
replacement for H,SO, in esterification involved in biodiesel production from waste

oils.

110

100 97 8
90
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70

FAME CONVERSION (%)
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scL H,S0,

TYPE OF CATALYST

Figure 4.13 The comparison of the percentage yields of free fatty acid methyl
ester by using SCL catalyst and sulfuric acid catalyst
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4.3 Proposed mechanism

Sulfated acid is a strong acid because of the three electron-withdrawing oxygen
atoms and the stability of its anion responance structures after losing a proton. The

mechanism is shown in Figure 4.14
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Figure 4.14 Mechanism of sulfation of cotton linter with one mole of SO; [21]
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4.4 Characterization of the biodiesel
4.4.1 "H-NMR (Nuclear magnetic resonance)

The methyl esters of palm oil was characterized of by 'H-NMR. The 'H-NMR
spectra of palm oil and fatty acid methyl esters are shown in Figure 4.15 and 4.16

respectively.
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Figure 4.16 'H-NMR spectrum of palm oil methyl ester
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Figure 4.15, the characteristic peaks of palm oil observed at &, 4.05-4.35 ppm was
the protons of glycerol moiety. Figure 4.16, the signal at td} 3.7 ppm was the protons

of methoxy group in palm oil methyl ester.
4.5 Properties of biodiesel

The properties of biodiesel such as viscosity, flash point, density, acid value
and ester content were determined according to ASTM and EN standard in Table 4.4.
The values of these properties along with those of properties of biodeisel of standard

biodeisel were shown in Table 4.2

Table 4.2 Properties of biodiesel

Property Standard biodeisel | Biodeisel product | Method
Viscosityat 400C 3-5 ¢St 3.59 ASTM D445
Acid number < 0.5 mg KOH/g 0.46 ASTM D974
Ester content® > 96.5% > 96.5% EN 14103
Surfur Content < 0.0010 < 0.0010 ASTM D260

* Determined by 'H NMR
4.5.1 Viscosity

From Table 4.2, the viscosity of the product methyl ester was 3.59 which is
within the range of 3 -5 cSt. Moreover, the result showed that the viscosity values
depend on the chain length of fatty acids degree of unsaturation of fatty acid and the
unreacted triglycerides (including mono-and di-glycerides). For example, the viscosity
value of palm oil biodiesel was 3.52 cSt. and the fatty acid compositions were in the
range of C16 - C18 atoms in palm oil with C16:0 was the main composition (43.5%). In
principle, viscosity of an organic compound decreases with decreasing chain lengths of

the hydrocarbons in the molecule.
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4.5.2 Acid number

From Table 4.2, it could be seen that the acid number of all methyl esters of
palm oil was 0.46 mg KOH/g which is < 0.5mg KOH/g, which is within standard values
(0.5 mg KOH/g). Therefore, most oil and free fatty acid contents were essentially

converted to methyl esters.
4.5.3 Methyl ester content

Ester content could be calculated from 'H-NMR and GC. The 'H-NMR spectra
of crude oil and free fatty acid methyl ester are shown in Figure A3-A23, GC
chromatograms of free fatty acid methyl esters are shown in Figure A1-A2. From Table
4.2, it could be seen that both techniques gave a similar values of ester contents more

than 96.5 % (GQ).
4.5.4 Sulfur content

Sulfur content in biodiesel was detected by ASTM D260 to ensure that the
biodiesel product is pure from integrating sulfur derived decomposition of -SOsH of

sulfated cotton linter catalyst showing lower than 0.0010% by ASTM D260.



CHAPTER V
CONCLUSION AND SUGGESTION

5.1 Conclusion

In this study, the biomass- based sulfate-functionalized solid material could be
produced by sulfated modification on cotton linter and was used as a solid catalyst in
the simultaneous transesterification and esterification of high free fatty acid palm oil
with methanol. The starting materials, sulfation temperature and time for catalyst
preparation are the important parameters on the catalytic and textural properties of
the prepared catalyst. Notably, the flexible soft fibrous cotton bearing —-SOs;H groups
could facilitate the accessibility of bulky high fatty acid substrate molecule, giving the
high methyl ester percentage conversion 97 wt.% under mild reaction conditions as
well, the optimal conditions for the reaction were a molar ratio of oil to methanol of
1:21 at 70°C for 14h with 10% wt. catalyst and reusability was also determined that
can reuse for three times cycles. The reasonable simultaneous esterification and
tranesterification activity of this catalyst in converting high FFA-containing waste oils to
biodiesel makes the process more attractive and more economical. However, the
cellulose-derived catalysts may find numerous applications, especially in textural and
chemical properties of their details in preparation process of catalyst. For the
reusability of SCL catalyst, we are currently investigating the catalysts deactivation due

to some -SO;H groups leaching during the reaction.
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5.2 Suggestion

The sulfated cotton linter has been provided to be an effective and attractive
heterogeneous catalyst for esterification and transesterification of palm oil to biodeisel.

It is suggested that this catalyst may be used in other applications as a heterogeneous

acid catalyst.
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Figure A.2 GC chromatogram of 37 FAMEs standard
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Figure A.9 'H-NMR spectrum of palm oil methyl ester loading 10%wt of catalyst
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Figure A.11 'H-NMR spectrum of palm oil methyl ester loading 20 %wt. of catalyst
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Figure A.20 'H-NMR spectrum of methyl ester from the reaction catalyzed by

reused SCL catalyst (2" time)
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Figure A.22 'H-NMR spectrum of methyl ester from the reaction catalyzed by SCL
catalyst.

10 9 8 7 & 5

Figure A.23 'H-NMR spectrum of methyl ester from the reaction catalyzed by
H,SO, catalyst
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Table B.1 Methyl ester content in various parameters

Condition (Parameters) %Methyl ester content

-Ratio of oil to methanol

1: 9 75
1: 15 85
1: 21 89
1: 36 84

- Catalyst loading (%owt of oil)

5% 69
10% 89
15% 87
20% 85

- Time of esterification of oleic FFA (h)

6h 94
10h 96.5
14h 97.78
18h 98

- Time of simultaneous esterification and

transesterification of high FFA palm oil(h)

10h "
14n 97.87
18h

97.5




Table B.1 Methyl ester content in various parameters (Continue)

Condition (Parameters)

%Methyl ester content

-Reusability of catalyst
Fresh (1° time)

Reuse (2" time)
Reuse (3" time)

- Comparison of catalyst

H,SO4

SCL

traditional H,SO4 acid vs SCL catalyst

98

86

78

84

98

94

64

Table B.2 Acid value and viscosity of the best condition for biodiesel production

Condition

Acid value (mg KOH/g)

Viscosity (cSt)

20%wt FFA containing palm oil

1:21, 14h, 70°C, 10%wt loading

0.46 mg KOH/g

3.21 ¢St
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A. Calculated % Methyl ester content from GC
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Figure C.1 The chromatograms of methyl ester product

The methyl ester content (wt%) was calculated from the formula

Wt% = ZAi X Wstd)/ Astd X Ws x 100

Where 2Ai = The total from methyl ester, from methyl caprylate (C8:0) to
methyl stearate (C18:0)

Wstd = The weight of methyl undecanoate
Astd = The area of methyl undecanoate

Ws = The weight of the sample



Example

Table C.1 GC analysis of fatty acid methyl esters

Time/min Area
5.028 23223
6.803 56586
9.037 1489
9.415 21176
10.238 6669

The retention time at 5. 028 is the retention time of C16

The retention time at 6. 803 is the retention time of internal standard (C17)
The retention time at 9.037 is the retention time of C18:0

The retention time at 9.425 is the retention tome of C18:1

The retention time at 10.238 is the retention time of C18:2

The weight of sample 0.0253¢

The weight of internal standard 0.0257¢

From, Wt.% = ZAi X Wstd)/ Astd X Ws x 100

Wt.% = ((23223 + 1489 + 2117+ 6669) x 0.0257/ 56586 x 0.0253) x 100

Wt % = 97.87



68

A. Calculated % methyl ester of transesterification from 'H-NMR spectrum

The % methyl ester of transesterification was calculated in following :

% conversion = [(ZlCH3) / (3|CH2)] x 100

Where
lchs = Integration value of the protons of the methyl esters (the strong singlet),
appear at o) 3. 7ppm

lcp = Integration value of the methylene protons, appear at b 2.3 ppm

J(TL

% Methyl ester of product = [(2X3)/(3X2.04)] X100

=98
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B. Determination of the acid value (ASTM D974)
Reagent
1. p-naphtholbenzein indicator solution
2. 0.1 M Alcoholic KOH solution
3. Titration solvent (250 ml toluene + 250 ml isopropyl alcohol)

To the 250 mL of Erlenmeyer flask, oil sample (2¢), titration solvent (25 ml) and
0.125 ml of 1% p-naphtholbenzein indicator solution were added. The mixture was
subject to titrate with 0.1 M of alcoholic KOH until the green color was occurred.
Prepare a blank determination and carried out same with the sample. The ml of acid
solution used was occurred. Prepare a blank determination and carried out same with

the sample used was recorded
The acid value was calculated as follows:
Acid value = [(A — B ) X N X 56.1] / weight of sample
A = titration of sample
B = titration of blank
N = normality of alcoholic KOH solution

Alcoholic KOH = 0.6 g of potassium hydroxide dissolved in 100 ml of
isopropyl alcohol
Example:

[(0.04—0.02)%0.09%56.1]
2.1952

Acid value of palm oil methyl ester =

= 0.46
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C. Determination of viscosity (ASTM D445)

Viscosity is the unit specifying the resistance to flow, therefore viscosity is normally

a specific value.

7 ml of each sample were added into the Viscometer tube, and insert the
viscometer into the bath. After insertion, allow the viscometer to reach bath
temperature, Use suction to adjust the head level of the test sample to a position in
the capillary arm of the instrument about 7 mm above the first timing mark. With the
sample flowing freely, measure, in seconds to within 0.1 s, the time required for the
meniscus to pass from the first to the second timing mark. The time of sample used

was recorded.

The viscosity was calculated as follow:

Ct=C x (tl-;tz)
Viscosity =Ct
C = Constant of viscometer tube (mm?/5?)
time = measured flow times for t1 and t2, respectively (s)

Example:

(243.85+256.49)
2

0.01434 X

Viscosity of palm methyl ester

= 3.59 ¢St
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