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CHAPTER I

INTRODUCTION

As the fossil fuels are depleting day by day, there is a need to find out an
alternative fuel to fulfill the energy demand/ofithe world. The petroleum fuels play a
very important role in the development of industrial growth, transportation,
agricultural sector and to meet-many other basic human needs but these fuels are
limited. Therefore, the biodiesel is one of the alternative fuels can be used
nowadays[1,2,3]. The maifi advaniages of using biodiesel are its renewability, better-
quality exhaust gas emisionsi it given that all the organic carbon present is
photosynthetic in origin, ig‘does not contﬁbute to a rise in the level of carbon dioxide
(CO,) in the atmospherg and consequentlyl-to the greenhouse effect [4].

The most wildly used techmque for producmg biodiesel was transesterification
using alkali (e.g. NaOH, KOH) or aeid (e.g. -H2§O4) as catalyst. Because of the shorter
reaction time and lower cost of catalyst as compared with acid catalytic process, the
alkali catalytic process has recelved much more attefitiod. However, it is limited for
its high sensitivity to ‘both water and free fatty acids (FFA) in the raw materials.
During the process, FEA can react with the alkali catalyst to release soap and water,
while it does not react .with acid catalyst in the acid catalytic process. The
saponification Would net only hinder separation of-ester from glycerin but also leads
to the low yield as well as the formation rate of FAME. As for vegetable oil with a
high concénfration. of FEA and{water, it is not suitable toadgpt alkali process for
production of biodiesel[5].

Two-step catalytic process combined with acid and alkali catalyst was
developed to produce biodiesel from these oils. By using sulfuric acid as a catalyst,
FFA is generally esterified with methanol and when the FFA concentration decreases,
sulfuric acid is then removed. The transesterification was then completed with alkali
catalyst. However, it still has some drawbacks: difficult recovery of acid catalyst,

corrosiveness of sulfuric acid, and high cost of equipments required for the reaction



system [6]. Therefore, solid acid catalyst such as ferric sulfate is turned out to be a

good alternative to sulfuric acid in the esterification reaction.
Objectives of the research:

1. To synthesize methyl ester from oilseed plants for using as biodiesel.

2. To study the properties of

LTI
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CHAPTER 11

THEORY AND LITERATURE REVIEWS

2.1 Alternative renewable energy[7,8, 9, 10]

In the industrial economy diesel-“fuel§ have an essential function of a
developing country and used.for traﬁsport of industrial, agricultural goods and
operation of diesel tractopin agricultural sector. The high energy demand in the
industrialized world and_in'the domestic sector, and pollution problems caused due to
the widespread use of fossil/fuels making it increasingly necessary to develop the
renewable energy sources of limitless duratiqn and smaller environmental impact than
the traditional one. This has stimulatecllllc_recent interest in alternative sources for
petroleum-based fuels. An algernative fuelmust be technically feasible, economically
competitive, environmentally ac,ceptablert,dl --dé}gl_d readily available. One possible
alternative to fossil fuel is the use of oils 0? pl_qnt origin like vegetable oils and tree
borne oil seeds. This alternati\}é diesel fuel ca}1 be terméd as biodiesel. This fuel is
biodegradable and ﬁon;toxic and has low emission profilesr as compared to petroleum
diesel. Usage of biodiesel will allow a balance to be sought between agriculture,
economic development and.the environment.

The advantages of using vegetable oils as fuels are:

- Vegetable oils are liquid fuels from renewable sources.

-1 (Theydo. hotover-burden the environment with'emissions.

- Vegetable oils have potential for making marginal land productive by their
property of nitrogen fixation in the soil.

- Vegetable oil’s production requires less energy input in production.

- The current prices of vegetable oils in world are nearly competitive with
petroleum fuel price.

- Vegetable oil combustion has cleaner emission spectra

- Simpler processing technology.



Because the rapid decline in crude oil reserves, in many countries the use of
vegetable oils as diesel fuels is again promoted. Depending upon climate and soil
conditions, different vegetable oils for diesel fuels are looked into from different
nations. For example, soybean oil in the USA, rapeseed and sunflower oils in Europe,
palm oil in Southeast Asia (mainly Malaysia and Indonesia), and coconut oil in

Philippines are being considered as substitutes for mineral diesel.
2.2 Vegetable oil chemistry

Chemically the oils/fats.eonsist of triglyceride molecules of three long chain
fatty acids that are ester bondedto a single glycerol molecule. These fatty acids differ
by the length of carbon ghains. the number, orientation and position of double bonds

in these chains and the striCtufe notation as shown in Figure 2.1.

HLC 7 OCOR’

o

I HOOR"

E

SO OCOR™

-3

Figure 2.1 Structure of a triglyceride.

where R’, R”’,~R’’’ representshydrocarbon.chain.of fatty-acids. Fatty acids vary in
carbon chain length”and i’ the ‘'number of unsaturated ‘bonds (double bonds). The
structures of common fatty acids are given in Table 2.1, and fatty“acid compositions
of somewvegetableloils‘are given in Table 2.2.

Vegetable oils have about 10% less heating value than diesel due to the
oxygen content in the molecule. In addition, the viscosity of mineral diesel is several
times lower than that of vegetable oil due to high molecular weight and complex
chemical structure in vegetable oil. Physical and thermal properties of some of the

vegetable oils are listed in Table 2.3.



Table 2.1 Chemical structure of common fatty acids [9]
Fatty acid Systermatic name Structure Formular
Lauric Dodecanoic 12:0 Ci,H40,
Myristic Tetradecanoic 14:0 C4H50,
Palmitic Hexadecanoic 16:0 Ci6H3,0,
Stearic Octadecanoic 18:0 C1sHz60,
Arachidic Eicosanoic 0\ '//// 20:0 C2Hu0,
B.ehenic. Docosanoic b ﬁ—. 22:0 CHyOs
Linoceric Tetraco@ ‘——-1 24:0 C2,Hy50,
Oleic cis-9-Octad, / . CisH340,
Linoleic cis-9,cis adegadie W Ny : CisH30,
Linolenic cis-9, 1 CisH300,
Erucic cis-13-Doco :1 CpH40,

Table 2.2 Chemical

Vegetable -
oil C14:0 cm:ét’“ ----—-4---—"-'--—-“1;-' Ci18:1 C22:1 CI82  CI83

Corn 0 TR ' ‘ 25 0 6 Tr
Cottonseed 0 28 13 0 58 0
Crambe 0 19 59 9 7
Linseed 0 ﬂ“gg%ﬂ%fﬁ“ﬂﬁﬂjm 0 18 55
Peanut 0 0 32 1
amaﬁﬂmw 'mmgw S
Safflower 0 0 0 78 0
Sesame 0 13 4 0 0 30 0
Soya bean 0 12 3 0 0 0 23 0 55 6
Rice-bran  04-0.6 11.7-165 1725 04-06 — 0409 392437 — 264351 —
Mahua — 16282 20251  0.0-33  — — 410510 — 89137  —
Neem 0.2-026 13.6-162 144241 0834  — —  49.1-619 —  23-158 = —
Karanja — 3.7-7.9 2.4-8.9 — — 1135 445713 — 108183  —

Tr : Trace



Table 2.3 Physical and thermal properties of vegetable oils [9]
Vege'table Ki.nema‘ltic Cetane Hj;tlilzg iﬁﬁ? [I))c())llilrt 1;13?1}: Density rCea:i]sl?lg Ash
oil viscosity  number (Mi/kg)  (°C) ©C)  (°C) (Kg/h (Wt%) (Wt%)
Corn 349 37.6 39.5 -1.1 -40.0 277 0.9095 0.24 0.01
Cotton seed 33.5 41.8 39.5 1.7 -150 234 0.9148 0.24 0.01
Cramble 53.6 44.6 40.5 1000 . —-12.2 274 0.9044 0.23 0.05
Linseed 22.2 34.6 39.3 W7 150 241 0.9236 0.22 <0.01
Peanut 39.6 41.8 49.8 12.8 -6.7 271 0.9026 0.24 0.005
Rapeseed 37.0 3746 390 -39 "=31.7 246 0.9115 0.30 0.054
Safflower 31.3 41.3 5P.5_1 18.3 -6.7 260 09114 0.25 0.006
Sesame 35.5 40.2 B9, 34 M T30 -9.4 260 0.9133 0.25 <0.01
Soyabean 32.6 379 396 1 ,."3'9 =12.20 254 0.9138 0.27 <0.01
Sunflower 339 37 4 39.6 “'I_ | 728 =150, 274 0.9161 0.23 <0.01
Palm 39.6 42.0 —  '1-'3'1-'.0 — 267 0.9180 — —
Tallow — 4 Ay - — 201 — 6.21 —

The high viscosity of Vegetable oil, 35-60 cSt compared to 4 cSt for diesel at

40 °C, leads to probileii—ii—puinpiing—and-spray-—characteristics (atomization and

penetration etc.). The-inefficient mixing of oil with air contributes to incomplete

combustion. High flash point attributes to its lower volatility characteristics. This

results in high=carbensydepesit formatienssinjector coking, piston ring sticking and

lubrication oil" dilution~and“oil degradation. The ‘combination of high viscosity and

low volatility of vegetable oils cause poor cold stafting, misfire and“ignition delay.

2.2.1 Utilization of vegetable oil as engine fuel

emulsion, thermal cracking and transesterification.

Vegetable oils can be used through at least four ways: dilution, micro-



2.2.1.1 Dilution

Diesel fuels are derived from the dilution of vegetable oils with a
solvent or ethanol. The dilution of sunflower oil with diesel fuels in the ratio of 1:3 by
volume has been studied and engine tests. The viscosity of this blend was 4.88 cSt at
40°C. They concluded that the blend could not be recommended for long-term use in
the direct injection diesel engines because of severe injector nozzle coking and
sticking. High oleic safflower oil was compared with blended and also tested. It gave
pleasant results, however, its use in the lofigete€rm is not applicable as it leads to

thickening of lubricant.
2.2.1.2 Micro-emulsion

A microemulsion is designea to tackle the problem of the high viscosity
of pure vegetable oils by reduging the Vi;cosity of oils with solvents such as simple
alcohols. They are defined as a colloidal eq{}lilJi'Brium dispersions of optically isotropic
fluid microstructures, with dimensions ger;;e;a}}y in the 1-150 nm range. These are
formed spontaneously from two normally ir_r}—'ff_r_xi:s,pible liquids and one or more ionic or
non-ionic amphiphile. The pefformances of -*iohic and’ non-ionic microemulsions
where found to be similar to diesel fuel, over short term tésting. They also achieved

good spray characteristics, with explosive vaporization which improved the

combustion characteristigs.
2.2.1.3 Thermal cracking

Thermal cracking also known as pyrolysisis the conversion of one
substance into another by means of heat or by heat in presence of a catalyst. The
pyrolyzed material can be vegetable oils, animal fats, natural fatty acids or methyl
esters of fatty acids. The pyrolysis of fats has been investigated for more than 100
years, especially in those areas of the world that lack deposits of petroleum. Many
investigators have studied the pyrolysis of triglycerides to obtain products suitable for

diesel engine. Thermal decomposition of triglycerides produces alkanes, alkenes, aro-



matics and carboxylic acids.

2.2.1.4 Transesterification

Transesterification, also called alcoholysis, is the displacement of
alcohol from an ester by another alcohol in a process similar to hydrolysis, except
than an alcohol is used instead of water. This process has been widely used to reduce

the viscosity of triglycerides.
2.3 Sources of biodiesel [11]

There are morc than 350 oil-bearing crops identified, among which only
soybean, palm, sunflowesr safflower, cottonseed, rapeseed and peanut oils are
considered as potential‘alternative fuels for diesel engines. Worldwide consumption
of soybean oil is the highest in 2003 (27.9j"§nJillion metric tons). Vegetable oil is one of
the renewable fuels. Concerning about enyir‘ohmental benefits and the fact that these
are made from renewable resoutces VGgé{gb_l_C oils have become more attractive.
Vegetable oils are a renewable and potent'rﬂall;?.' inexhaustible source of energy with
energy content close, to diesel fuel. Howé\'.lfé'r',‘j extensive use of vegetable oils may
cause other significant-problems-such—as starvatton 1i developing countries. The
vegetable oil fuels were more expensive than petroleum fuels so they were not
acceptable.

In Malaysia and Indonésia palm oilis sedias a'significant biodiesel source. In
Europe, rapeseed is the most common base oil used in biodiesel production. In India
and Southeast Asia,.the Jatropha tree is used as.a‘significant fuel source. Soybeans are
commonly ‘used ' ifi the' United States for food products.which'has.led to soybean

biodiesel becoming the primary source for biodiesel in this country.
24 Transesterification [7, 9, 12, 13]
Transesterification or alcoholysis is the displacement of alcohol from an ester

by another in a process similar to hydrolysis, except than alcohol is used instead of

water. This process has been widely used to reduce the high viscosity of triglycerides.



The transesterification reaction is represented by the general equation as Figure 2.2

catalyst
RCOOR + R'OH ==—— RCOOR" + ROH

Figure 2.2 General equation of transesterification.

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

glycerol as shown in Figure 2.3

H,C— OCOR ‘ ROCOR' H,C—OH
| catal yst = ’
HC— OCOR™ | /3ROH | /=== ROCOR" 4+ HC—OH
| £ + |
H,C— OCOR { 4 ROCOR'™ HC—OH
Triglyceride Alcohol L Mixture of alkyl Glycerol
Ad g esters

#

Figure 2.3 General equation foritransesterification of vegetable oils.

2.4.1 Alkali-catalyzed transesterification

The transesterification reaction can be catalyzed by both homogeneous and
heterogeneous eatalysts. In-tumnthe homogeneous-catalysts inelude alkalis and acids.
Sodium hydroxide,” sodium methoxide and potassium ‘hydroxide are the most
commonly used as alkali catalysts. Sulfuric acidshydrochloric acid and sulfonic acid
are usually preferred as acidccatalysts. Finally, the hetérogeneous catalysts include
enzymes, titanium silicates, alkaline earth metal compounds, anion exchange resins
and guanadines heterogenized on organic polymers. The Alkali-catalyzed
transesterification is much faster than acid —catalyzed transesterification and is most
often used commercially.

The mechanism of alkali-catalyzed transesterification is described in Figure
2.4. 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. The
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reaction of this intermediate with an alcohol produces the alkoxide ion in the second
step. In the last step the rearrangement of the tetrahedral intermediate gives rise to an

ester and a diglyceride.

Pre-step:
OH + ROH == RO’ 4 H,0 or
NEOR" =—= RO ¥ "Na'
Step 1.
0 R _
R-0-C-Ry g+ OR! * === Rz C-0
OR'
Step 2.
v -4
OR RO-H
| - N 4 | - - ,
R—C-0 & ROH == R—C~0 + OR
OR' g OR'
Step 3.
+
e i
R1—(|j—o —_— R-~C-O-R"“+ HOR
OR'

Figuré 2.4 = ‘Mechanism of base catalyzed transesterification.

2.4.2 Acid-catalyzed transesterification

Transesterification can be catalyzed by Brownsted acids, preferably by
sulfonic and sulfuric acids. The mechanism of acid catalyzed transesterification of
vegetable oil (for a monoglyceride) is shown in Figure 2.5. However, it can be
extended to di-and tri-glycerides. The protonation of carbonyl group of the ester leads

to the carbocation, which after a nucleophilic attack of the alcohol produces a
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tetrahedral intermediate. This intermediate eliminates glycerol to form a new ester and
to regenerate the catalyst. The process of transesterification is affected by various
factors depending upon the reaction condition used. The effects of these factors are

described below.

Q OH OH
/||\ o [ I
R OR R OR: rR” " or
. ,‘
I , /(l)i <M H/ron T|)
ae SRS, S
R"= ‘—OH : glyeeride
—6n =

R' =carbon chain of fatty acid
R =alkyl greup of the alcohol

#

Figure 2.5  Mechanism of acid catalyzed transesterification.

2.4.3 Heterogeneous catalyst[24]

Heterogeneous catalysts are potentially useful for the production of
biodiesel and chemicals., The ability to achieve high yields of biodiesel esters without
the need to meutralize and wash  the biodiesel products “helps make biodiesel
production more attractive in countries where conservation of water resources is
critical. Résearch iSialso ©ngoing to further identifyinanocrystallinetoxides that have
enhanced surface reactivity that stems from reactive surface sites, such as edges,
corners, and defect sites capable of coordinating with Lewis acids or Lewis bases.
Example for heterogeneous catalyst : Alkali earth or transition metal oxides like CaO,
MgO, BaO, and ZnO/Al,0O3, Alkaline metal oxides supported on zeolites and MCM-
41, Ton exchange resins such as clay minerals with acidic reaction sites, Sulfated
metal oxides such as ferric sulfate (Fe>(SO4)3).

The advantages of heterogeneous catalyst were reusable and do not

form soaps, more tolerant to water and free fatty acids in the feedstock, improve
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product yield and purity, simpler purification process for glycerol and ease of
separating biodiesel product.

Disadvantages of heterogeneous catalyst were require elevated
temperatures and pressures to work well, those on solid support tend to show less
activity than the active species in solution and there is the possibility of leaching

which might contaminate the biodiesel.
2.4.4 Effect of free fatty acid and meisture [14, 15, 16]

The free fatty acid and moisture content are key parameters for determining
the viability of the vegeiable” oil ‘transesterification process. To carry the base
catalyzed reaction to eompletion; free fatty.acid (FFA) value lower than 3% is needed.
The higher the acidity of the oil, smaller -1s the conversion efficiency. Both, excess as
well as insufficient amount of catalyst may ;iause soap formation. If the oil with high
FFA are used to make biodiesel fuel, they{haVe to be refined by saponification using
NaOH solution to remove free fatty acid':s&; In the other hand, the acid catalyzed
process can also be used for esterification of;thé‘ge free fatty acids. All material should
be substantially anhydrous and triglyceri'dﬂéé"is'hould have lower acid value. The
addition of more sodiam-hydroxide catatyst compensates for higher acidity, but the
resulting soap causes af increase in viscosity or formation of gels that interferes in the
reaction and with separation of glycerol. When the reaction conditions do not meet the
above requirements) @ster™yyields® are fsignificantly /feduced; The methoxide and
hydroxide of sodium or potassium should be maintained in anhydrous state.
Prolonged contact with, air, will diminish the effectiyeness, of these catalysts through
interaction with moisture'and carbon dioxide. Most of the.biodiesel is'currently made
from edible oils by using methanol and alkaline catalyst. However, there are large
amounts of low cost oils and fats that could be converted to biodiesel. The problems
with processing are low cost oils and fats are that they often contain large amounts of
free fatty acids that cannot be converted to biodiesel using alkaline catalyst.
Therefore, two-step esterification process is required for these feed stocks. Initially
the FFA 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
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catalyst to complete the reaction.

2.4.5 Molar ratio of alcohol to oil

From Scheme 2.3, it is necessary to use either a large excess of alcohol or
remove one of the products from the reaction mixture continuously to shift the
transesterification reaction to the right. When 100% excess methanol is used, the
reaction rate is at its highest. A molar ratio of 6:1 is normally used in industrial

processes to obtain methyl ester yields higher than'98% by weight.

2.4.6 Effect ofireaction time and temperature
|

The conversion sate increaSés w1_th reaction time. Freedman et al. [17] the
reaction condition used as 6:1 molar of ﬁ}ethanol to oil, 0.5%NaOH by weight of oil
at 60 °C, transesterified fpeanut,. cottoﬁ‘—_}seg_;d, sunflower and soybean oil gave
approximate yield of 80% after 1 min forlfgpybean and sunflower oils. After 1 h, the
conversion was almost the same for all fouf_bi’l’é (93-98%). Ma et al. [18] studied the
effect of reaction time on transesteriﬁcati;)n; of beef tallow with methanol. The
reaction was very slow during the first minute due t0 ymixing and dispersion of
methanol into beef tallow. From one to 5 min, the reaction proceeds very fast. The
production of beef tallow methyl esters reached the maximum value at about 15 min.
Transesterification can occurat different temperatures, depending on the oil used. For
the transesterification of refined oil_with: methanol (6:1) and 1% NaOH, the reaction
was studied with three different temperatures. After 0.1 h, ester yields were 94, 87 and
64% for, 60,45 and 32:.°C, respectively. After 1 h, ester formation'was identical for 60
and 45 °C runs and only slightly lower for the 32°C run. Temperature clearly

influenced the reaction rates and yield of esters [7].
2.4.7 Catalyst type

Catalysts used in transesterification reaction can be classified as alkali, acid, or

enzymes. Alkali-catalyzed transesterification is much faster than acid-catalyzed
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reaction. In contras, acid-catalyzed transesterification reaction is suitable when a
vegetable oil has high free fatty acid and water content. Partly due to faster
transesterification and partly because alkaline catalysts are less corrosive to industrial
equipment than acidic catalysts, most commercial transesterification reactions are
conducted with alkaline catalysts. Sodium alkoxides was found to be more effective
than sodium hydroxide and are among the most efficient catalysts used for this
purpose, although NaOH, due to its low cost; has attracted its wide use in large-scale
transesterification. Methanol can quickly reacewith triglycerides and NaOH is easily
dissolved in it. The reaction can be eatalyzed by-alkalis, acids, or enzymes. The
alkalis include NaOH, KOHs-¢carbonates and corresponding sodium and potassium
alkoxides such as sodium méthexide; sodium ethoxide, sodium propoxide and sodium
butoxide. Acid catalysts usvally use as sulfuric acid, sulfonic acids and hydrochloric
acid. -

2.5  Advantages of biodiesel {11,19]

#

o d
rsrda

Main advantages of biodiesel given i;&thf'e literature include:

- Availability and renewability of bibiidsel

Biodiesel can-be-made from domesticalty produced, renewable oilseed crops
such as soybean, rapéseed and sunflower. The risks of handling, transporting and
storing biodiesel are much lower than those ones, associated with petrodiesel.
Biodiesel is safe to handle"and ftransport becduse /it lis“astbiodegradable as sugar and
has a high flashspoint compared to petroleum diesel fuel. Biodiesel can be used alone
or mixed in any.ratio with.petroleum diesel fuel. The most common blend is a mix of
20% biodiesel |with “80% (petroleum diesel, for’ B20' under ‘recent scientific
investigations; however, in Europe the current regulation foresees a maximum 5.75%
biodiesel.

- Higher combustion efficiency of biodiesel

The combustion process and decreased oxidation potential could be improved
by oxygen content of biodiesel. Structural oxygen content of a fuel improves
combustion efficiency due to the increase of the homogeneity of oxygen with the fuel

during combustion. Biodiesel contains 11% oxygen by weight and contains no sulfur
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therefore, the use of biodiesel can extend the life of diesel engines because it is more
lubricating than petroleum diesel fuel. Biodiesel has got better lubricant properties
than petrodiesel. The higher heating values (HHVs) of biodiesels are relatively high.
The HHVs of biodiesels (39—41 MJ/kg) are slightly lower than that of gasoline (46
MIJ/kg), petrodiesel (43 MI/kg) or petroleum (42 MJ/kg), but higher than coal (32-37
MJ/kg).

- Lower emissions by using biodiesel

Combustion of biodiesel alone provides: over a 90% reduction in total
unburned hydrocarbons (HEC), and a'75-90% reduction in polycyclic aromatic
hydrocarbons (PAHs). Biodiesel fitither provides significant reductions in particulates
and carbon moNOxide thanspewrolenm diesel fuel. Biodiesel provides a slight increase
or decrease in nitrogen oxides depending.on engine family and testing procedures.

Sulfur contentsof petrodiesel is;*20—50 times those of biodiesels. Several
municipalities are considering mandatingj":t_hJé use of low levels of biodiesel in diesel
fuel on the basis of several studies which ﬁave found HC and particulate matter (PM)
benefits from the use of biodiesel: The use f;fbiodiesel to reduce N,O is attractive for
several reasons. Biodiesel contains little nitrégéjf;, as compared with petrodiesel which
is also used as a reburning fuel: The N,O fé&ﬁ'éfi()n was strongly dependent on initial
N,O concentration aid-onty shghtly dependent upon t€niperature, where increased
temperature increased N,O reduction. This results i lower N,O production from fuel
nitrogen species for biodiesel. In addition, biodiesel contains virtually trace amount of
sulfur, so SQj3 emisgions™ ate” reduced <in O direct Proportion to the petrodiesel
replacement. One of the most common blends of biodiesel contains 20 vol% biodiesel
and 80.vol%. conventional diesel. The ,use, of blends.of biodiesel .and diesel oil is
preferred in engines, in“order to avoid Some probléms related to the decrease of power
and torque and to the increase of NOx emissions (a contributing factor in the localized
formation of smog and ozone) with increasing content of pure biodiesel in the blend.
Emissions of all pollutants except NOx appear to decrease when biodiesel is used.
The fact that NOx emissions increase with increasing biodiesel concentration could be
a detriment in areas that are out of attainment for ozone. Reductions in net carbon

dioxide emissions are estimated at 77-104 g/MJ of diesel displaced by biodiesel.
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These reductions increase as the amount of biodiesel blended into diesel fuel
increases. The best emissions reductions are seen with biodiesel.

- Biodegradability of biodiesel

Biodiesel is non-toxic and degrades about 4 times faster than petrodiesel. Its
oxygen content improves the biodiesel biodegradation process, leading to a decreased
level of quick biodegradation. In comparison with petrodiesel, biodiesel shows better
emission parameters. It improves the environmental performance of road transport,
including decreased greenhouse emissions” (maialy of carbon dioxide). Chemicals
from biodegradation of -biodiesel can-be released-into the environment. With the
increasing interest in biodieselythe health and safety aspects are of utmost importance,
including determination ofstheir environmental impacts in the transport, storage or
processing [7]. The biodegradabilitics of several biodiesels in the aquatic environment
show that all biodiesel fuels are readily;*biodegradable. After 28 days all biodiesel
fuels were 77%-89% biodegraded; dieé’;l{ fuel was only 18% biodegraded. The
enzymes responsible for the dehydrogena}ﬁ'oﬁ/oxidation reactions that occur in the

process of degradation recognize oxygen atoms and attack them immediately.

2.5.1 Disadyantages of biodiesel as diesel fuel

Major disadvantages of biodiesel are higher viscosity, lower energy content,
higher cloud point and pour point, higher nitrogen oxides (NOx) emissions, lower
engine speed afid power) injector coking, €ngine compatibility, high price and higher
engine wear. Important operating disadvantages of biodiesel in comparison with
petrodiesel, are.cold start.problems, the Jower energy content, higher copper strip
corrosion and fuel ‘pumpingtdifficulty’ from higher viscosity.” This' increases fuel
consumption when biodiesel is used in comparison with application of pure

petrodiesel, in proportion to the share of the biodiesel content.

2.6  Properties and specification of biodiesel [20]
The characteristics of biodiesel are close to mineral diesel, therefore, biodiesel
becomes a strong candidate to replace the mineral diesel if the need arises. The

quality of the biodiesel was evaluated by the determinations of important properties
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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 of these

oilseed plants were shown in Table 2.4.

Table 2.4 Specification for quality of biodiesel

Property Value Method
Viscosity at 40 °C 3-5 cSt ASTM D445
Flash point >120°C ASTM D93
Density at 15 °C 860-900 kg/cm’® ASTM D4052
Acid number 0.5 mg;I%OH/g ASTM D974
Ester content >96.5 %wt EN 14103

Kinematic viscosity = “the resistanéé 1(N)nﬂow of a fluid under gravity”. [Equal
to the dynamic viscosity/density.} The kirijématic viscosity is a basic design
specification for the fuel injectors used in diesel engines. Too high a viscosity and the
injectors do not perfoim property:

The flash point'is defined as the “lowest temperature corrected to a barometric
pressure of 101.3 kPa (760 mm Hg), at which application of an ignition source causes
the vapors of aSpecimeén to ignite tnder the specified Conditions of test.” This test, in
part, is a measure of residual alcohol in the B100. The flash point is also a
determinant for.flammability classification of materials. B100’s_typical flash point is
> 200 ° C, classifying it'as “non-flatnmable™.

Density — “the mass per unit volume of a substance at a given temperature.”

Acid number — “The quantity of base, expressed as milligrams 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 fatty acids in B100. The free fatty acids
can lead to corrosion and may be a symptom of 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
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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

In 2002, Antolin et al. [27] the optimization of biodiesel production of
sunflower oil transesterification were studied: The results showed that 96% of methyl
ester was achieved at 70°C using 0.28% w/w" of potassium hydroxide as a catalyst
with an excess amount of-methanol. A€cording to-European standard, the sunflower
methyl ester could be used as.diesel fuels.

In 2004, Vincente ef al |28] studied biodiesel production by used different
basic catalyst (sodium methexide., potassium methoxide, sodium hydroxide and
potassium hydroxide) for transesterificati;)n of sunflower oil. The condition reactions
were used as 1% basic gatalyst-with 6:1 f@(;iar ratio of methanol to oil at 65 °C. All
the experiments were cargied out under thé' same reaction condition. Using sodium
hydroxide, potassium hydroxide, sodium friicf[hpxide and potassium methoxide 85.9,
91.67, 99.33 and 98.46 % yield of biodiesel were obtained, respectively. The yield of
biodiesel from methoxide catalyst was high'eff' Bébause the basic methoxides only have
the trace hydroxide iociras-antmpurity. in this sense; they-do not produce soap through
triglyceride saponification.

In 2005, Mohibbe Azam et al. [21] studied fatty acid profiles of seed oils of 75
plant species ifi\ Indiathavingt30% oil/in“théis | seedorkernel. By using fatty acid
compositions, saponification number, iodine value and cetane number to predict the
qualityof fatty acid.methyl esters.of o0il for use.as-biodiesel. The results showed that 4
plant species‘including'Azadirachtaindica, Calophyllum inophyllumi,Jatropha curcus
and Pongamia pinnata were found most suitable for use as biodiesel.

In 2006, Meher et al. [22] synthesized biodiesel from Pongamia pinnata oil.
The results showed that 97-98% of methyl ester was obtained by using the optimum
condition, 1% KOH as catalyst, 9:1 molar ratio of methanol to oil, stirring speed of
360 rpm at 65 °C for 2 h.

In 2006, Gan et al. [5] studied the esterification of free fatty acid (FFA) in

waste cooking oil with methanol by uses Fe,(SO,);/C (ferric sulfate/active carbon).



19

The results showed that 96% of free fatty acid (FFA) in waste cooking oil can be
effectively eliminated under optimum conditions, 3%Fe,(SO4)3/C, methanol/FFA
mole ratio 18:1 at 368.15 K.

In 2006, Yong et al. [6] synthesized biodiesel from waste cooking oil by two
different processes, traditional acid (sulfuric acid) and two-step catalyzed processes.
For traditional acid, the results showed that 90% of methyl ester was obtained by
using 20:1 molar ratio of methanol to oil at 95°C for 10 h. In contrast, two-step
catalyzed processes gave 97.22% of methyl esier by using 2%ferric sulfate, 10:1
molar ratio of methanol toreilat 95°Cfor 4 hfollowed by alkali transesterification.
Ferric sulfate showed goodeaclivity to catalyze the methanolysis of FFA in waste
cooking oil, environmentalfriendly and easy to be separated from system.

In 2007, Yong ¢t ak [29]/siudied preparation of biodiesel from waste cooking
oils which contain large contents of FFAS via two-step catalyzed process. The results
showed that the conversion rate of FFA réached 97.22% when the parameters were as
follows: 2 %wt Fea(SOy4)34 10:1 molar ratid'&bf"methanol to triglycerides at 95 °C for 4
h. After that the remained triglycetides werlér:tfrzhr_lyserterified at 65 °C for 1 h in reaction
system containing 1 %wt KOH. and 6:1 mofeir, ;atio of methanol to triglycerides. The
final product after the two—step éatalyzed procegs gave 97 .02% of biodiesel.

In 2008, Kittipong, M. [25] studied biodiesel prbduction from 25 oilseed
plants in Thailand. The results showed that 86.65-95.4 %methyl ester content was
obtained by using 1%NaOH, 6:1 molar ratios of methanol to oil at 65 °C for 1 h
(transesterification reaction) and 1%H>SO,4,110:1 molar ratios of methanol to oil at 65
°C for 1 h (esterification reaction) followed by transesterification reaction. In addition,
16 plant)species! were “foundto have'great potential of ‘biodiesell and they meet the
major specification of biodiesel standard.

In 2010, Prafulla et al. [23] studied transesterification of waste cooking oil
from two different processes, using ferric sulfate and supercritical methanol. The
results showed that 96% of biodiesel conversion was obtained by using ferric sulfate
(Fex(SOy)3), 9:1 molar ratio of methanol to oil, at 100 °C for 2 h. The 50-65%yield of
biodiesel was obtained by using supercritical methanol in only 15 min, reaction was

carried out at pressure of 1450 psi (100 bar) and 300 °C in PARR micro-reactor.
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Ferric sulfate showed good catalyst activity and easy recovery of the catalyst. The
supercritical methanol method has high potential for both tranesterification of
triglycerides and methyl esterification of high free fatty acid for petro-diesel

substitute.
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Table 3.1

CHAPTER III

MATERIALS AND METHODS

Materials and equipments

3.1.1 Raw material

-t
30 oilseed plants from different parts m Thailand are listed in Table 3.1.

Oilseeds and sources

e

i

Oilseeds

v Sources

Basella alba

J atujhk market, Bangkok; Thailand

Brassica chinensis

J atuj';;ilg,n}arket, Bangkok; Thailand

Benincasa hispida

) atujalg, market, Bangkok; Thailand

Brassica juncea

—= atujé]?ﬁl;al,rjket, Bangkok; Thailand

Brassica pekinensis

J atujak_j:h_éfket, Bangkok; Thailand

Caesalpinia crista

Sumpeng market, Bangkok; Thailand

Camellia oleifera

Cassia suratlensi:

Jatujak market, Bangkok; Thailand
Department of Forestry, Bangkok; Thailand

Crassocephalum crepidioides

Jatujak market, Bangkok; Thailand

Citrullus lanatus ™~

Sumpeng market, Bangkok; Thailand

Citrus maxima

Khlong-Toei market, Bangkok; Thailand

Citrus reficulate

Khlong Toei market, Bangkok; Thailand

Cucurbita'moschata

Jatujak market, Bangkok; Thailand

Chukrasia.velutina

Department of Forestry, Bangkok; Thailand

Dulbergia oliveri*Gamble

Department of Forestry, Bangkok; Thailand

Gardenia jasminodes

Sumpeng market, Bangkok; Thailand

Hibiscus sabdariffa Linn

Sumpeng market, Bangkok; Thailand

Lagenaria siceraria

Jatujak market, Bangkok; Thailand

Macadamia integrifolia

Doitung, Chiangrai, Thailand

Mimusops elengi

Jatujak market, Bangkok; Thailand

Millingtonia hortensis

Department of Forestry, Bangkok; Thailand

Millettia kangensis Craib

Jatujak market, Bangkok; Thailand

Moringa oleifera Lamk

Sumpeng market, Bangkok; Thailand

Mpyristica fragrans

Sumpeng market, Bangkok; Thailand




Table 3.1 Oilseeds and sources (Continued)

Oilseeds Sources

Ocimum canum Khlong Toei market, Bangkok; Thailand
Passiflora foetida Jatujak market, Bangkok; Thailand
Phyllanthus emblica Department of Forestry, Bangkok; Thailand
Perilla frutescens Jatujak market, Bangkok; Thailand
Sesamum indicum Sumpeng market, Bangkok; Thailand
Terminalia chebula Departmentof Forestry, Bangkok; Thailand

3.1.2 Chemicals .4

Anhydrous sodium$ulfate: analytical grade; Carlo Erba
Carbon tetrachloride;analytica grade; Mallinckrodt
Chloroform-D#NMR spectyoscop}ll' grade; Meick
Dichloromethang: analyfical gradeg,_Lélb—Scan

Ethanol: analyticaligrade; Merck * .

Glacial acetic acid: analytié'_ei] gradé;{flﬁ\?[grﬂck

Heptane: analytical grad"-e; Mierek—u -

Hydrochlori¢ ‘étc1d: analytical grade; Merck
Methanol: analy_tical grade; Merck

Methyl heptadé;:anoate: analytical grade; Fluka 7
Methyl stearate; analytical grade; Merck
Potassium hydroxide: analytical grade; Lab-Scan
Potassium dichromate:-analytical; gradesLab-Scan
Potassium todide: analytical ‘grade; Lab-Scan
Potassium hydrogen phthalate

Sodium hydrogen carbonate: analytical grade; Carlo Erba
Sodium hydroxide: analytical grade; ACS
Sodium thiosulfate: analytical grade; Lab-Scan
Sulfuric acid: analytical grade; Carlo Erba
Toluene: analytical grade; Merck

Wijs solution: analytical grade; Merck

22



23

37 Components FAME standard; Supelco
2-Propanol: analytical grade; Merck

3.1.3 Equipments

Fourier-Transform NMR Spectrometer: Mercury (400MHz); Varian
Gas-liquid Chromatography; Model 3800; Varian

Cannon Automatic Viscometer: ModelCAV-3; Cannon

Density meters: ModelDMA 4500 ; Anton-parr

Mini Flash: FLA; Grabneginstruments

Rotary evaporator_l:,MOdel / Bucﬁ'}

3.2  Methods f . % 4
4
3.2.1 Solvent extraction 'éf oilseéd plants[25]

o

FYE W a Jti.g \
’ J_.| o '-.:" " : )f‘
500 ml of hexane was ‘added to 500 ¢ of the crushed kernel in 2000 ml of
Erlenmeyer flask and allowed to shake ovefﬂ'i";gﬁt';"l“he organic extract was filtered and

evaporated to dry by-’;ro’cary—evaporator—?he—percentage‘lojf oil was determined. The

physical and chemical properties of oils were determined according to 3.2.2.
3.2.2 /Determination’ of physical and chemical, properties of crude oil

from oilseed plants
3.2.2.1 "Deterrainatiofi’of free fatty acids-contained-in crude oils

The free fatty acid was determined according to ASTM D 5555;
Standard test method for determination of free fatty acids contained in animal, marine,
and vegetable fats and oils used in fat liquors and stuffing compounds.

To the 250 ml of Erlenmeyer flask, oil sample (1 g), ethanol (75 ml)
and 2 ml of 1% phenolphthalein were added. The mixture was titrated with 0.25 N
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sodium hydroxide solutions until the pink color occurred. The volume of alkali

solution used was recorded.

The percentage of free fatty acid was calculated as follows:

% free fatty acids = (ml of alkali x NV x 28.2) / weight of sample
N =g kaline solution
ml of alkali oxide solution

hs | ete \- cd according to ASTM D 5558;

Standard test method fo Wi iroffthe stah cation value of fats and oils.

To the 25 of Ei ) ey flask, oil sample (1 g), alcoholic
potassium hydroxide (2 g %‘"' enolphthalein were added. The
mixture was titrated with 0.5 ¢ acid until the pink color disappeared.

The volume of acid solutia

The saponification Valﬂ ) ' m

o

sapﬂfﬁiﬁ ﬁwﬂ TW ﬂ]gém of sample

= titration of blan

RN SUIRITNIALL.

Alcoholic KOH = 40 g of potassium hydroxide

dissolved in 1 L of ethanol
3.2.2.3 Determination of the iodine value of crude oils

The iodine value was determined according to ASTM D 5554;

Standard test method for determination of the iodine value of fats and oils.
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To the 500 ml of glass-stopper flask, oil sample (0.1 g), carbon tetra
chloride (20 ml) and Wijs solution (25 ml) were added. Store the flasks in a dark
place for 30 min. From storage, removed the flasks and add 20 ml of KI solution
followed by 100 ml of distilled water. The mixture was titrated with 0.1 N of sodium
thiosulfate until the yellow color has almost disappeared, add 2 ml of starch indicator

solution, and continued the titration until the blue color has just disappeared. The

volume of sodium thiosulfate used@#f/}

The iodine value was cale@olleﬂvs —

3.2.2.4 Determination o fatty acid composition of crude oils

N 4% aji:ﬁ"; —
The fatty acid ‘Eo‘mpo'sit" 1S~ O oils from oilseed plants were

analyzed by gas chr = _»;.j
SampleﬁZSO was d ptﬂecanoic solution (5 ml) (500

mg heptadecanoate was dlssolved in heptane (50 ml)) and 1 pl of solution was

M 1y Tl NN
AT Y

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: Nj

Flow rate: 1.2 ml/min

Volume injected: 1 pl
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3.2.3 Biodiesel production
3.2.3.1 Optimization for base catalyzed process[25]

- Effect of the amount of free fatty in palm oil to palm oil methyl

ester.

20 g of palm oil with various amount of free fatty acid (1, 2, 3, 4, 5,
and 6%wt) was added into-100 -ml of vound bettem flask equipped with condenser.
After the oil was heated to 65-°Cy1%NaOH by wt. of 0il (sodium hydroxide 0.2 g in
methanol 5.79 ml) was added and/then the mixture was heated to 65°C for 1.50 h. The
mixture was transferred tosa sepacatory funnel, allowed glycerol to separate for 2 h.
The methyl ester layer{upper layer) was washed with hot water (5 x 100 ml), dried by
rotary evaporator. The percent conversioni"ng >methy1 ester was analyzed by '"H-NMR.

o

- Effect of methanel to oil iﬁq‘lp_r ratio and reaction time

The palm_oil methyl ester syﬁfﬁééiZed following the method described
in 3.2.3.1, by using molar ratios of methanol to oil equal 3:1, 6:1, 9:1 and 12:1, the
reaction times equal 15, 30, 45, 60, 90 and 120 min. The methyl ester (5 mg) was

subjected to "H-NMR analysis. The calculation conversion of product was shown in

Appendix C.

3.2.3.2 . Optimization,for, twe-step catalyzed process (Acid — base
catalyzed)

- Effect of reaction time, amount of free fatty acid and amount of
catalyst [6]

20 g of palm oil with 10, 20 and 30% free fatty acid was added into
100 ml of round bottom flask equipped with condenser. After the oil was heated to 65
°C, various amount of ferric sulfate (1, 2, 3 and 4%wt for 10 and 20%FFA in palm
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oil; 1, 2, 3, 4, 5 and 10%wt for 30%FFA in palm oil) and methanol (1:10 molar ratios
of oil to methanol) was added, then the mixture was heated to 65°C for 1, 2 and 3 h.
The excess of methanol was removed by rotary evaporator, and the mixture was left
to separate. The upper oil layer was subjected to determine the amount of FFA
according to ASTM D 5555 and used in the second step following the method
described in 3.2.3.1

- Effect of methanol to oil molar ratio and reaction time

The palm ouemethyl ester with 10, 20 and 30% free fatty acid
synthesized following thesmethed deseribed in 3.2.3.2, by using molar ratios of
methanol to oil equal”6:1,40:4" and 20:L, the reaction times equal 1, 2 and 3 h. The
methyl ester (5 mg) was subjected to 1H—NM_R analysis. The calculation conversion of

product was shown in Appendix C.

3.2.3.3 Synthesis of metﬁyl ester from oilseed plants via base-
catalyzed process (FFA< 3%) -

The fatty acid methyl ester was synthesized following the method
described in 3.2.3.1, using oils of 22 species with less than 3 % FFA. The product was
characterized by "H-NMR and GC techniques.

3.2.3.4 Synthesis of methyl ester from oilseed plants via two-step

catalyzed process (FFA>.3%.)

This process involved an esterification in first step and
transesterification in second step. At first step, the fatty acid methyl ester was
synthesized following the method described in 3.2.3.2, using 8 species of oils with
more than 3 % FFA. The lower layer was methyl ester and unreacted triglyceride was
used in the second step following the method described in 3.2.3.1. The product was

characterized by "H-NMR and GC techniques.
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3.2.4 Characterization and determination of the biodiesels
3.2.4.1 Characterization of the biodiesels
The biodiesels were characterized by:

3.2.4.1.1. Fourier-transform NMR spectrometer (FT-NMR)
'H NMR spectra were fceorded in CDCl; using CHCI; as an

internal standard.
3.2.4.2" % JSter contents
TheJestér ¢ontent-was'determined by 'H-NMR and GC.

3.2.4.2.1. Foufiertransform NMR spectrometer (FT-NMR)

#

The conversionof meﬂ1y1 esters from oilseed plants was
determined 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 = [(2lens) / (Blcwn)] x 100

3:2.4.2.2. Gas-liquid.chromatography (GC)
‘Lhe “fatty ‘acid compositions and ‘methyl ‘estées content of the oil
from oilseed plants were also determined by GC.
The GC condition for the determination of methyl ester was set as
3.2.2.4. Methyl heptadecanoate was used as an internal standard. The methyl ester

content of biodiesel was calculated by the following equation:

C=(YA-Ai)x(CixVi)x 100
Ai m
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C = Methyl ester content

> A =Total area of fatty acid methyl esters

Ai = Area of methyl heptadecanoate

Ci = Concentration of methyl heptadecanoate solution

Vi = Volume of methyl heptadecanoate solution

m = Mass of the sample

The results were shown in aj
3.2.4.3 fs- of th ties of biodiesel

The physical propeftic crmined according to the test

methods shown in Tab

) ‘ﬁ:: £
Table 3.2 Test method of biodiese uels
A

Pt s o)
e s

Property

Vi \7‘ )

Density at 1 DA4052

Acid ’nu?ber (mg KOH/g) AST§D974
P A

o Ester gontent (awh)] /)
N

AMIANTNNNING I




CHAPTER IV

RESULTS AND DISCUSSION

4.1 Solvent extraction of oilseed

The oils from 30 oilseed 1 ﬁpar‘[ of Thailand were extracted
2

from the kernel or seed usin ' (@mount of oils were shown in
the Table 4.1. The perce eOhfents were in range of 13-69 %wt. The highest and

lowest oil content could®be ex
Sesamum indicum (SI) espectively. More : . some oilseed plants in this study
may be a new source of yaw, materials or esel production because of its high
percentage of oil content.
PN
4.2  Physical and che ] a2

biodiesel production

The physical and ysacid, saponification value
iodine value and fatt@md pro nde oil fronﬂilseed plants were listed in
Table 4.1.

ﬂumwamwmm
QWWMT’I‘?EM URIINYIAY



Table 4.1

31

Summary of physical and chemical properties of crude oils from oilseed plants

Oilseed plants

Family

Codes

% Oil

To it

SN

Iv

Fatty acid composition (%)

Basella alba

Brassica chinensis

Benincasa hispida

Brassica juncea

Brassica pekinensis

Caesalpinia crista

Camellia oleifera

Cassia suratlensi

Basellaceae

Cruciferae

Cucurbitaceae

Cruciferae

Cruciferae

Caesalpiniaceae

Theaceae

Leguminosae

BA

BC

BEH

BJ

BP

CAC

CAO

CAS

27

44

25

36

26

21

37

15

0.65

1.44

1.39

2.719

2.17

1.07

0.66

0:73

179.05

16123

18057

165.29

166.56

173.51

168.23

173.09

76.78

S56.2%

1128.96

10206

96.36

125.03

115168

9546

C14:0(0.15), C16:0(22.47), C16:1(0.41), C18:0(4.15), C18:1n9¢c(44.25),
C18:2n6t(23.54),C18:3n3(0.23), C20:0(1.12), C20:1n9(0.32), C22:0(0.63),
©24:0(0.20), C24:1n9¢(0.49), Unk (2.03)

€16:0(1.61), C18:0(0.77), C18:1n9¢(14.58), C18:2n6t(10.09),
C18:3n3(7.05), C20:0(0.62), C20:1n9(5.74), C20:2(0.31), C22:0(0.66),
C22:1n9(54.67), C22:2(0.64), C24:0(0.24), C24:1n9(1.48), Unk (2.18)

C16:0(9.82), C18:0(4.96), C18:1n9¢(6.40), C18:2n6t(77.06),
C18:3n3(0.22), C20:0(0.19), C20:1n9(0.15), C20:2(0.36), Unk (1.44)

C16:0(2.19), C16:1(0.15), C18:0(0.86), C18:1n9¢(7.39),
C18:1n9t(0.71),C18:2n6¢(13.39), C18:3n3(10.13), C20:0(0.78),
C20:1n9(4.95), C20:2(0.70), C20:4n6(0.15), C20:5(1.01), C22:1n9(50.47),
C22:2(1.37), C24:0(0.55), C24:1n9¢(1.95), Unk(2.37)

C16:0(1.96), C18:0(0.96),C18:1n9¢c(12.50), C18:1n9t(0.61),
C18:2n6¢(11.81), C18:3n3(8.01), C20:0(0.84), C20:1n9(7.20),
€20:2(0.56), C20:5(0.99), C22:1n9(50.05), C22:2(0.84), C24:0(0.44),
C24:1n9¢(1.60), Unk (1.90)

C16:0(7.91), C18:0(3.63), C18:1n9¢(13.17), C18:1n9t(0.41),

C18:2n6t (73.91), C20:0(0.26), C20:1n9(0.36), C22:1n9(0.41)

C16:0(6.35), C18:0(2.92), C18:1n9¢(13.79), C18:2n6t(58.75),
C18316(0:52), C18:3n3(15.43), C20:0(0.68), C20:1n9(0.34), C22:0(0.24),
C2410(0.15), Unk(0.83)

C16:0(22.08), C16:1(0.22), C18:0(4.77), C18:1n9¢(22.91),
C18:2n6t(42.47), C18:3n6(0.09), C18:3n3(0.64), C20:0(1.88),
€20:149(0.30,1 022:0(0.95), C23:0(0.15), C24:0(0.57), C24:1n9¢(0.24),
UnK(0.47)

SN* = Saponification values, IV* = Iodine values

£3
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Table 4.1 Summary of physical and chemical properties of crude oils from oilseed plants (continued)

Oilseed plants

Family

Codes

% Oil

% FFA

SN*

TV*

Fatty acid composition (%)

Crassocephalum crepidioides

Citrullus lanatus

Citrus maxima

Citrus reticulata

Cucurbita moschata

Chukrasia velutina

Dalbergia oliveri Gamble

Gardenia jasminodes

Compositae

Cucurbitaceae

Rutaceae

Rutaceae

Cucurbitaceae

Meliaceae

Papilionaceae

Rubiaceae

CC

CIL

CIM

CIR

CUM

cv

DO

GJ

37

56

62

56

38

33

13

22

0.70

13.86

2.60

0.64

5.82

12.01

1.40

1.59

163.30

204:59

194.37

172674

173.72

25

193.28

187.78

94.00

138.42

Lhod 71

9543

99.60
110.11
60.44

112.53

C16:0(1.85), C16:1(0.15), C18:0(0.82), C18:1n9¢(6.98), C18:1n9t(0.90),
©18:2n6c(12.31), C18:3n3(12.41), C20:0(0.76), C20:1n9(4.16),
€20:2(0.72), C20:3n3(0.19), C20:5n3(1.31), C22:0(50.73), C22:1n9(0.32),
€22:2(1.58), C23:0(0.59), C24:0 (0.64), C24:1n9(2.25), Unk(1.34)
€16:0(9.94), C18:0(5.94), C18:1n9¢(10.97), C18:1n9t(0.49),

C18:2n6t (71.92), C20:0(0.23), C20:4n6(0.13), C22:0(0.15),
€22:1n9(0.15), C24:0(0.20), Unk(0.22)

C16:0(22.49), C18:0(5.98), C18:1n9¢(26.28), C18:1n9t(0.54),
C18:2n6t(40.61), C18:3n3(3.58), C20:0(0.33), C24:0(0.18)

C16:0(21.17), C16:1(0.51),C18:0(4.45), C18:1n9¢(19.57), C18:1n9¢t(1.96),
C18:2n6¢(45.96), C18:3n3(4.49), C20:0(0.52), C20:1n9(0.13),
€22:0(0.13), C23:0(0.63), C24:0(0.27), Unk(0.14)

C14:0(0.13), C16:0(20.48), C18:0(8.28), C18:1n9¢(20.15), C18:1n9t(0.42),
C18216¢ (48.01), C18:3n3(0.18), C20:0(0.43), C24:0(0.21),
C24+119(0.13), Unk(0.74)

C16:0(8.29), C18:0(5.19), C18:1n9¢(7.63), C18:1n9t(0.53),
C18:2n6t(55.73), C18:3n3(22.22), C20:0(0.36), C20:1n9(0.22), Unk(0.32)

C16:0(11.81), C18:0(6.76), C18:1n9¢(53.90), C18:2n6¢(11.39),
@18:3n3(0:59), C20:0(1.99), C20:1n9(1.63), C22:0(3.64), C22:1n9(0.28),
C23:0(0.20), C24:0(4.45), Unk(0.57)

C14:0(0.16), C16:0(19.71), C16:1(0.33), C18:0(3.22), C18:1n9¢(0.99),
C18:2n6¢(49.89), C18:3n3(1.34), C20:0(0.41), C20:1n9(0.16),
@24:0(0:53) Hink(23.53)

SN* = Saponification values
IV* =Todine values

[43
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Table 4.1 Summary of physical and chemical properties of crude oils from oilseed plants (continued)
Oilseed plants Family Codes % Oil % FEA SN* iy Fatty acid composition (%)
i . . C14:0(0.24), C16:0(20.16), C18:0(4.97), C18:1n9¢(37.66), C18:2n6¢(31.61),
Hibiscus sabdariffa Linn. Malvaceae HIS 22 1239 181433 81.83 €18:3n3(0.19), C20:0(0.84), Unk(2.34)
C16:0(11.71), C18:0(6.48), C18:1n9¢(5.51), C18:1n9t (0.31),
Lagenaria siceraria Cucurbitaceae LS 54 230 183.74% 4 %19.20 C18:2n6t(74.79), C18:3n3(0.15), C20:0(0.31), C20:1n9(0.11), C20:5n3(0.10),
€22:1n9(0.11), Unk(0.42)
4 C14:0(0.87), C16:0(8.39), C16:1(19.95), C18:0(3.36), C18:1n9¢(55.43),
Macadamia integrifolia Proteaceae MAI 60 0.67 178:06 67.49 C18:1n9t(3.25), C18:2n6¢(1.47), C18:3n3(0.12), C20:0(2.45), C20:1n9(2.08),
€22:0(0.68), C22:1n9(0.21), C24:0(0.30), Unk(1.74)
C16:0(11.91), C16:1(0.12), C18:0(8.55), C18:1n9¢(64.24), C18:2n6¢c(11.85),
Mimusops elengi Sapotaceae ME 22 7.85 195;70 1 67.81 C18:3n3(0.13), C20:0(1.18), C20:1n9(0.80), C22:0(0.54), C24:0(0.36),
7 C24:1n9¢(0.32)
C16:0(11.32), C16:1(0.18), C18:0(9.53), C18:1n9¢(67.70), C18:2n6¢(3.04),
Millingtonia hortensis Bignoniaceae MH 40 2.70 175.88 54.16 C18:3n3(0.39), C20:0(2.97), C20:1n9(1.69), C20:5n3(3.17), C22:1n9(0.47),
A (C24:0(0.94), Unk(5.90)
s . . . C16:0(5.67), C18:0(2.80), C18:1n9t(46.26), C18:2n6t(29.25), C18:3n6(0.10),
Millettia kangensis Craib Leguminosae ML 31 135 176:48 78.40 G138 3n3(1.82). C20:0(1.17), C20:1(2.87), C22:0(7.12), C22:1(0.58)
C16:0(5.57), C16:1(1.16), C18:0(4.80), C18:1n9¢(71.14),C18:1n9t(3.73),
Moringa oleifera Lamk. Moringaceae MO 37 3.17 180.14 61.58 C18:2n6¢(0.67), C18:3n3(0.15), C20:0(3.09), C20:1n9(2.45), C22:0(6.34),
C22:1n9(0.16), C24:0(0.85)
Myristica fragrans Miyristicaceas MYF 42 1962 0/ 209.847 = 45830 | 7 204D, C12:0(0.50), C14:0(70.17), C14:1(0.16), C16:0(7.33),

C18:0(0.83), C18:1n9¢(8.86), C18:2n6¢(0.57), Unk(9.26)

SN* = Saponification values
IV* =Todine values

€¢



34

Table 4.1 Summary of physical and chemical properties of crude oils from oilseed plants (continued)

Oilseed plants Family Codes % Oil % EEA SN* IvV# Fatty acid composition (%)
C16:0(6.27), C16:1(0.11), C18:0(3.42), C18:1n9¢(12.67), C18:2n6¢(21.34),

Ocimum canum Labiatae oC 21 5.4 181.93 15 C18:3n3(54.52), C20:0(0.22), C20:1n9(0.15), C20:2(0.25), C23:0(0.15),
(C24:0(0.15), Unk(0.60)

. . . N C16:0(10.64), C16:1(0.19), C18:0(2.45), C18:1n9¢(0.53), C18:2n6¢(70.84),
Passiflora foetida Passifloraceae PAF 23 1.38 17966 7 126.16 C18:3n3(0.48), C20:0(0.15), C20:1n9(0.14), Unk(14.98)
. . C16:0(10.64), C18:0(6.64), C18:1n9c¢c(11.54), C18:1n9t(0.86),
Phyllanthus emblica Euphorbiaceae PE 17 L7 4 186.00 2 16438 (122n6¢(17.10), C18:3n3(51.01), C20:0(0.22), C20:1n9(0.23). Unk(0.28)
. . i C16:1(7.22), C18:0(2.93), C18:1n9¢c(14.06), C18:1n9t(0.83),

Perilla frutescens Labiatae PF 42 1.1 172.40 ; 11%_.\04 C18:2n6c(28.03). C18:3n3(46.02)

Sesamum indicum Pedaliaceae SEI 69 1.34 15926 9409 C16:0(8.99), C18:0(5.43), C18:1n9¢(40.08), C18:1n9t(0.52),C18:2n6c(43.59),
€20:0(0.58)

Terminalia chebula Combretaceae TC 49 3013 18537 91,65 £16:0(17.28), C18:0(7.18), C18:1n9¢(33.42), C18:2n6t(39.25), C20:0(1.08),

€20:41n9(0.26), C20:2(0.17), C22:0(0.70), C24:0(0.18)

SN* = Saponification values
IV#* =]Jodine values

143
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From Table 4.1, the results showed that %free fatty acid were varied from
0.64-30.13%wt, Citrus reticulata and Terminalia chebula gave the lowest and
highest %free fatty acid, respectively. The value of free fatty acid content could be
depended on type of plants and duration of oil storage.

Saponification numbers were in the range of 161.23-209.54 mgKOH/g. The
highest and lowest saponification numbers were belonged to Myristica fragrans
(MYF) and Brassica chinensis (BC), respectively. Oils having high percentages of
high molecular weight fatty acids will have léwer saponification numbers than oils
having high percentages of lower molecular weight fatty acids[26]. Thus, Myristica
fragrans (MYF) oil containing.70.17 percent of myristic acid (C14:0) has high
saponification number of 209.54 mg KOH/g. Brassica chinensis (BC) oil containing
54.67% of erucic acid (C22:1n9),“has‘- low saponification number of 161.23 mg
KOH/g. -

In addition, iodine values were 1n J'-the range of 45.13-164.38 mgl,/g. The
highest and lowest ioding values “were b‘;c;;loriged to Phyllanthus emblica (PE) and
Mpyristica fragrans (MYF), respectively. Bécause 10dine absorption occurs at double
bond positions, thus a higher iodine-value iﬂdigétes a higher quantity of double bonds
in the 0il[27]. The result showed that mosf"aii'éééd plants,contained unsaturated fatty
acid such as BEH, CAC; €=, PAF and PE: in-contrast; M YF seed oil contains mostly
saturated fatty acids. |

According to ASTM standard, maximum value of iodine value was set to 120
mg I,/g. Thereforeitheroil of 25 species includingBA;"BCy BJ, BP, CAO, CAS, CC,
CIM, CIR, CUM, CV, DO, GJ, HIS, LS, MAI, ME, MH, ML, MO, MYF, OC, PF,
SEI and. TC ,ils.could be used.to.produce biodiesel.

Fatty‘acid profiles of these oilseed plants were determined by.the comparison
of 37 FAMEs standard. The GC chromatogram of these standards and these fatty acid

profiles were shown in Figure A1-A31.
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4.3  Biodiesel production

4.3.1. Optimization for base catalyzed process

- Effect of the amount of free fatty acid in palm oil.

The synthesis of biodiesel from palm oil with various amount of free fatty
acids (FFA) content (1, 2, 3, 4, 5 and 6.% wt) was investigated. The reaction
conditions were carried out by using 6:1 molarratio of methanol to oil, 1% NaOH by

weight of oil at 65°C for 1.50-h. The results were shown in Figure 4.1

100 ~

95 ~

90 ~

85

80

% Ester content

75

70 T T * == T T T 1

% free fatty acid (% wt)

Figure 4.1  Effect of the amount of free fatty acid in palm ouil.

As'seen in kigure 4.1, the results showed that %ester content more than 93%
could befachieved when FFA lower than 3%. Therefore, this process was suitable to

synthesis biodiesel from oil containing FFA less than 3%.

- Effect of methanol to oil molar ratio and reaction time
The synthesis of biodiesel from palm oil by using molar ratios of methanol to

oil equal 3:1, 6:1, 9:1 and 12:1, the reaction times equal 15, 30, 45, 60, 90 and 120
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min, 1% NaOH by weight of oil at 65°C were investigated. The results were shown in

Figure 4.2.

100 -
o ——3:1
- 90X —=—6:1
g
g 85 —h— 91
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0 _' 120 140
Figure 4.2  Effect of methanol }ﬂa’f}ﬂ" 0l it ratio and reaction time.
From Figure 4.2, at h@gﬁ" lar ratio, the ester content was increased. In
addition, %ester content of each m ios of methanal to oil at 15 to 120 minutes

gave 81-84% for 3: 2% for 9:1 ratios and 95-

96.7% for 12:1 rat1 Hence, 12:1 molar ratio of methanol to oil was used to

synthesize bloﬁ ET ﬂﬁ%@ﬁ %ﬁﬁster content.
Theref iIl ﬁ ugl BEH, BJ, BP, CAC,

CAO, CAS, CC CIM, CIR, DG, GJ, HIS, LS, MAI, MH, ML, PAF, PE, PF and SEI

woin R4 L) S B MDY VAT bt o

19%NaOH by weight of oil, 12:1 molar ratio of methanol to oil at 65°C for 1.5 h.
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4.3.2. Optimization for two-step catalyzed process (Acid - base

catalyzed)

- Effect of reaction time, amount of free fatty acid and amount of

catalyst.

The conditions for synthesis of biodiesel from palm oil with various amount of

free fatty acids content (10, 20 and 30 %wt) were investigated by varying amount of

ferric sulfate (1, 2, 3, 4, 5 and | ‘ k//cﬁon time (1, 2 and 3 h). The results
7z,
——

\\ 1%Fe2(S04)3

- 2% Fe2(S04)3

were shown in Figures 4.3,
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3.5

Figure 4.3 @%ﬁ%ﬂiﬂﬁ ﬁlﬂ m M tse otg)?alm oil having
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Figure 4.4  Effect of reaction time and:amount of ferric sulfate to palm oil having
20%FFAA10:1 molar ratio of methanol to oil at 65°C).
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Figure 4.5  Effect of reaction time and amount of ferric sulfate to palm oil having
30%FFA (10:1 molar ratio of methanol to oil at 65 °C).

It could be seen in the Figure 4.3, FFA could be decreased by using higher
amount of Fe,(SO4); and longer period of reaction time. To obtain oil having FFA

less than 3%, 1%Fe;(SO,); for 3 h, 2%Fe,(SO4); for 2 h, 3 and 4%Fe,(SO4); for 1 h
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must be used. Therefore, the optimal condition for synthesis of biodiesel of oil having

FFA 10% or less was 3%Fe>(SO4); for 1 h.

Similarly, the optimal conditions for synthesis of biodiesel of oils having FFA

20% or less and 30% or less were 3%Fe,>(SOy4); for 2 h and 5%Fe,(SO4); for 3 h,

respectively.
- Effect of methano | oand reaction time
The conditions for of odi@alm oil with various amount of
free fatty acids content (10, oWt 3 nvestigated by varying molar ratio
of methanol to oil (6:1, 10: )land (1, 2 and 3 h). The results
were shown in Figur -4 . ﬁ;
: \
K j:‘ ‘
i \
AT
12 ‘:f;:“ia
e ——201
< 10 Lt '
g {mf‘ . ——6:1
T 8 _
& p— ) —A— 10:1
g 6 .
& 4
E o4 y
S
IS 5 | ‘ o/
P2 3k
0 e : T - T T T T 1
U
0 | 0.5 1 ¢ 2 . 25 30y 39
CARIANTUIINYINY
J 1o

Figure 4.6  Effect of methanol to oil molar ratio and reaction time to palm oil
having 10%FFA (3% Fe»(SO4)3 at 65 °C).
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Figure 4&8 Effect of methanol to oil molar ratio and reaction time to palm oil
having 30%FFA (3% Fe,(SO4); at 65 °C).
As seen in the Figure 4.6, FFA of oil was decreased lower than 3% by using
6:1 molar ratio of methanol to oil for 2 h, 10:1 and 20:1 for 1 h. Therefore, 3%
Fe;(SO4)3, 10:1 molar ratio for 1 h were found to be the optimal conditions for

synthesis of biodiesel of oil having 10%FFA or less.
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By using 10:1 molar ratio of methanol to oil, the optimal condition of oil
having 20%FFA or less was 3% Fe,(SO4); for 2 h, whereas, oil having 30%FFA or
less was 5% Fe,(SOy);3 for 3 h.

It could be concluded that the optimal conditions of oils having FFA less than
10% such as CUM, ME, MO and OC were 3% Fe>(SQO4);, 10:1 molar ratio for 1 h.
For oils having FFA less than 20% such as CIL, CV and MYF were synthesized by
using 3% Fe,(SO4)3, 10:1 molar ratio for 2.In addition, the conditions for TC oil
which had 30%FFA was found to be 5% Fe»(SO#)3, 10:1 molar ratio for 3 h.

7

4.3.3 Synthesis-of mmethyl ester from oilseed plants via base-catalyzed

process (FFA< 3%) !

The methyl estes of oilseed plants having %FFA less than 3% were
synthesized by using the miethod and conditions as described in 3.2.3.1. The results

of % ester content were shown in Table 4.2+

= -',J"ﬂ

Table 4.2 Summary of synthefic results.;)f_gnethyl ester of oilseed plants
Oilseed plants | Codes % FFA % Ester content
Basella alba BA 0.65 94.68
Brassica chinensis BC 1.44 94.57
Benincasa hispida BEH 1.39 95.32
Brassica juncea BJ 2.79 94.63
Brassicapekinensis BP 2.17 95.08
Caesalpinia crista CAC 1.07 94.68
Camellia oleifera CAO 0.66 96.83
Cassia suratlensi CAS 0.73 91.17
Crassocephalum crepidioides CC 0.70 95.10

Citrus maxima CIM 2.60 95.01
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Table 4.2 Summary of synthetic results of methyl ester of oilseed plants
(continued)

Oilseed plants Codes % FFA % Ester content
Citrus reticulata CIR 0.64 95.51
Dalbergia oliveri Gamble DO 1.40 95.31
Gardenia jasminodes GJ 1.59 94.74
Hibiscus sabdariffa Linn. HIS 1.39 92.06
Lagenaria siceraria LS 2.72 96.76
Macadamia integrifolia MAI 0.67 95.96
Millingtonia hortensis MH 2:70 93.77
Millettia kangensis Craib ME 1.35 92.90
Passiflora foetida PAF 1.38 95.16
Phyllanthus emblica PE#4 2.10 9243
Perilla frutescens PH 1.17 93.95
Sesamum indicum SEF== W 1.34 96.20

As discussed 1 431, %ester content was effected by % FFA. Thus, oilseed
plants with %FFA less than 3% was chosen to synthesize biodiesel via base catalyzed

process. %ester content was in range of 91.17-96.83 %.

4.3.4 Synthesis of methyl ester from oilseed plants via two-step catalyzed
process«(EEA>3 %)

The methyl ester of oilseed plants with %FFA less than 3 % were synthesized
by using the method and conditions as described in 3.2.3.2. The results of %ester

content were shown in Table 4.3.
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Table 4.3 Summary of methyl ester of oilseed plant from synthesize with two-

step catalyzed process (FFA>3%)

Oilseed plants Codes % FFA % Ester content
Citrullus lanatus CIL 13.86 95.83
Cucurbita moschata CUM 5.82 93.60
Chukrasia velutina CV 12.01 94.32
Mimusops elengi ME 7.85 96.34
Moringa oleifera Lamk. MO 3.17 96.56
Mpyristica fragrans MYF 18.62 94.24
Ocimum canum o€ 547 96.61

Terminalia chebula TC 3013 94.20

As discussed in 4.3:1 and 4.3.2, %éSter- content was effected by % FFA. Thus,
oilseed plants with %FFA more than 3% was chosen to synthesize biodiesel via two-
step catalyzed process. %ester content was nl r-a’ﬁge of 93.60-96.61 %.

4.4 Characterization of the biodiesels.
4.4.1 'H-NMR (Nuclear magnetic resonance)

Fatty acid methyl esters of.varioustoilseed.plants wete characterized by 'H-
NMR. The 'H-NMR spectra of crude oils and fatty acid methylsesters of oils of 30
species‘were shown in Figures A32-A91. For the example, the 'H-NMR spectra of
crude BEH oil and BEH oil methyl ester were shown in Figures 4.9 and 4.10,

respectively.
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Figure 4.9
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From Figure 4.9, the characteristic peaks of crude BEH oil were observed at
Oy 4.05- 4.35 ppm which were the protons of glycerol moiety and Figure 4.10, the
signal at oy 3.7 ppm was the protons of methoxy group in BEH oil methyl

ester. Therefore, '"H-NMR could be used to analyze two different oils with the signal at
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On 4.05- 4.35 ppm in Figure 4.9 was disappeared in Figure 4.10. In addition, signal of

methoxy group at 8y 3.7 ppm in Figure 4.10 was not shown in Figure 4.9.

4.5  Properties of biodiesel

The properties of biodiesel s as viscosity, flash point, density, acid value

and ester content were determine ot0,ASTM and EN standards in Table 4.4.
The values of these propert ese oilseed plants were shown in
Table 4.4. -
Table 4.4

Property Method

Viscosity at 40 °C ASTM D445

Flash point ASTM D93

Density at 15 °C 7 ASTM D4052

Acid number | 2 < 0.5 g KOH/E——— | ASTM D974

Ester content EN 14103

AULINENINYINT
AN TUNM NN Y



Table 4.5 Summary of properties of biodiesel from var
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Oilseed plants Codes Viscosit Acid number c?nversion Ester content
(cSt) (mg KOH/g) (‘H-NMR) (GCO)
Basella alba BA 4.5 0.1878 94.34 94.68
Brassica chinensis BC 5.0 0.2502 94.79 94.57
Benincasa hispida BEH 3.9 0.1255 95.69 95.32
Brassica juncea BJ 5.5 0.3140 94.79 94.62
Brassica pekinensis BP 0.3144 95.24 95.08
Caesalpinia crista CAC 0.1889 94.79 94.68
Camellia oleifera CAO 0.1881 97.09 96.83
Cassia suratlensi CAS 0.3143 92.59 91.71
Crassocephalum crepidioides CC 5.0 © 0.1262 94.79 95.10
Citrullus lanatus CIL >120 880.37 0.3143 94.79 95.83
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Table 4.5 Summary of properties of biodiesel from vari

,f/}z (continued)

J
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Oilseed plants Codes Viscosity ) Acid number C?nversion Ester content
(cSt) (mg KOH/g) (H-NMR) (GO)
Citrus maxima CIM 4.1 0.2524 96.15 95.01
Citrus reticulata CIR 3.6 0.1877 95.69 95.51
Cucurbita moschata CUM 4.5 0.1256 93.90 93.60
Chukrasia velutina Ccv 39 0.1888 94.79 94.32
Dalbergia oliveri Gamble DO 4.8 0.1260 95.24 95.31
Gardenia jasminodes GJ 4.8 0.4396 95.24 94.74
Hibiscus sabdariffa Linn. HIS 4.4 . /88 0.1888 92.17 92.06
Lagenaria siceraria LS 35T p 0.2503 95.69 96.76
Macadamia integrifolia MAI 4.3 0.1890 95.69 95.96
Mimusops elengi ME 4.5 >120 887.64 0.1879 96.15 96.34

AUEINENINEINT
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Table 4.5 Summary of properties of biodiesel from var
Qilseed plants Codes Vi(sccé)ts)i t
Millingtonia hortensis MH 5.3
Millettia kangensis Craib ML 4.6
Moringa oleifera Lamk. MO 4.7
Myristica fragrans MYF 3.9
Ocimum canum oC 3.6
Passiflora foetida PAF 3.9
Phyllanthus emblica PE 3.6
Perilla frutescens PF 3. 5 120
Sesamum indicum SEI
Terminalia chebula TC 4.7 >120

o 880.74

AUE IO NETTS
PRIAIATUUMINYAE

Acid number conversion Ester content

(mg KOH/g) (‘H-NMR) (GC)
0.4390 94.34 93.77
0.1252 94.34 92.90
0.3132 95.69 96.56
0.1254 93.46 94.24
0.1877 96.15 96.61
0.1886 96.62 95.16
0.4404 93.02 92.43
0.4383 94.79 93.95
0.1262 96.62 96.72
0.1253 94.34 94.20

67
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4.5.1 Viscosity

From Table 4.5, the viscosity of 30 oils methyl esters of oilseed plants were in
the range of 3.2-5.5 ¢St. The viscosity of methyl esters of BJ and BP were above the
standard values. Moreover, the results showed that the viscosity values were

depended on chain length of fatty acids degree of unsaturation of fatty acid and
unreacted triglycerides (including mono- and di-glycerides) [25]. For example, the

viscosity value of PF was 3.2 ¢St and the fatiy aeid compositions were in the range of
C16-C18 atoms with C18:3"was the main composition (46.02%). While the viscosity
values of BJ was 5.5 cSt and the faity acid compositions were in the range of C16-
C24 atoms, with C22:1 was the main composition (50.47%). It could be concluded

that oil with long chain cagbon'shounld have high viscosity.

4.5.2 Density

The standard for biodiesel states thg?fgl}? fuel should have a density between
860 and 900 kg /cm’. Density 15 an import?-—njt .‘i)arameter for diesel fuel injection
systems. In Table 45, the results showed that 4the density values of all methyl esters
of 30 species of oilscéd plants were in range of 887.64-866.95 kg/cm3 , which were

within the specification limits.
4.5.3 (Flash point

Aspseenvin~Tables4.5:-the, flash; point~of-ally methyl-esters jof 30 species of
oilseed plants were "higher’ than* 120 "°C, "'which was in“the specification of ASTM
standards. According to the relationship between viscosity and flash point, as flash
point increase with viscosity. Moreover, all of seed oils have the length of free fatty
acid chain from C12-C24 atoms, which are higher than diesel fuel (C9-C16 atoms).

Thus, the biodiesel obtained from oil seed plants was safer than diesel fuels.
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4.5.4 Acid number

From Table 4.5, It could be seen that the acid number of all methyl esters of
30 species of oilseed plants were in range of 0.1252-0.4404 mg KOH/g, which were
within standard values (0.5 mg KOH/g). Therefore, the most of oils and free fatty acid

contents were essentially converted to methyl esters.

Ester content ated £ - H-NMR and GC. The "H-.NMR
spectra of crude oils ‘ yl este , wn in Figure A32-A91, GC
chromatogram of fat i thyl e: (; were Wi igure A2-A31. From Table

4.5, it could be seen

( .
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CHAPTER V

CONCLUSION AND SUGGESTION

5.1 Conclusion

In this study, seed oils of 30 species were wavestigated as an alternative source
for biodiesel production.. The amount of oil, Z%fiee fatty acid, saponification number
and iodine value were in'rangeofd3 to 69%, 0.64-30.13%, 161.23-209.54 mg KOH/g
and 45.13-164.38 mg 15/g, respectively. |

According to fatty acid compositiqps, oils of these plants could be classified
into 3 groups -

- C14 compositiony MYF. _

- C16-C18 composition: BA, BEH CAC, CAO, CAS, CIL, CIM, CIR,

CUM, CV, DO, GJ, HIS; LS, MJ\I ME; MH, ML, MO, OC, PAF, PE, PF,
SEI and TC. _ J

- over C20 composifion: BC, BJ. BP and CC.

From the optimization—condition—toi—biodiescl’ production, either base
catalyzed process (transesterification reaction) or ~two-step catalyzed process
(esterification and transesterification reaction) were used to synthesize biodiesel of
oils of these 30-§pecies.

In base catalyzed process'(for oils containing FFA < 3%), the biodiesel of BA,
BC, BEH, BJ, BP, CAC, CAO, CAS, CC, CIM;-€CIR, DO, GJ, HIS, LS, MAI, MH,
ML, PAF, PE, PE and SEI oils were.synthesized by using| I%wt_of NaOH, 12:1
molar ratio of methanol to oil at 65°C for 1.5 h.

In two-step catalyzed process (for oils containing FFA > 3%) could be
achieved by using esterification reaction followed by transesterification reaction. The
optimum conditions of esterification reaction were found to be 3 %Fe,(SO4)3, 10:1
molar ratio of methanol to oil at 65 °C for 1 h which were used to synthesize oils
having 10%FFA or less such as CUM, ME, MO and OC. With the same conditions,
oils having 20%FFA or less such as CIL, CV and MYF were synthesized for 2 h. In
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addition, TC oil which had 30%FFA was synthesized by using 5 %Fe,(SOy)3, 10:1
molar ratio of methanol to oil at 65°C for 3 h. The reaction conditions of
transesterification reaction were used the same as described in base catalyzed
process.

For the properties of biodiesel of 30 plant species are as follow:

1. Viscosity: in range of 3.2-5.5 cSt.

2. Density: in range of 866.95-887.64 g/cm’.

3. Flash point: >120°C

4. Acid numbersin range of 0.1252-0.4404 mg KOH/g.
5. Methyl ester content: in range of 91.71-96.83%.

According to %oils€ontent. sapf)nification number, iodine value, viscosity,
density, flash point, acid number and met_hyl ester content, the biodiesel from 15 plant
species including BC, €AQ; CC,; CIM GIR CUM, CV, LS, MAI, ML, MO, MYF,
PF, SEI and TC could be potentlally use"d and they meet the major specification of

biodiesel standards.

5.2  Suggestion b _ d

1. Soap coulél—be—pmdﬁced—by—ushrg—Nael-Paé- ¢ata1yst. Large amount of
water was consumed t0 purify biodiesel which caused basic wastewater. For further
study, heterogeneous base catalyst such as MgO and ZnO should be used as catalyst

to decrease basic wastewaten in biodiesel produg¢tion.
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= h = o s s ¥:0.030 mibits
154 7] g & 2 =
] : g g %
(4 § o (&) @
=1 o = —_ 2
y T e B
A HE e
NI VR i
-4 T T T 1
10 20 30 40 50
Minutes
Identification (Peak Namg) Retention time (min)
C6:0 (Caproic) 8.122
C8:0 (Caprylic) 14.054
C10:0 (Capric) 20.128
C11:0 (Undecanoic) 23.014
C12:0 (Lauric) 25.782
C13:0 (Tridecanoic) 28.423
C14:0 (Myristic) 30.959
Cl14:1 (Myristoleic) 31.856
C15:0 (Pentadecanoic) 33.382
C15:1 (cis-10-Pentadecenoic) 34.256
C16:0 (Palmitic) 35.712
C16:1 (Palmitoleic) 36.292
C17:0 (Heptadeeanoic) (Internal standard) 37.941
C17:1 (cis-10-Heptadecenoic) 38.509
C18:0 (Stearic) 40.094
C18:1n9c¢ (Oleic) 40.518
C18:1n9t (Elaidic) 40.612
C18:2n6¢ (Linoleic) 41.480
C18:2n6t (Linolelaidic) 41.552
C18:3n6 (y-Linoleni¢) 42.114
C18:3n3 (oslinolenic) 42.811
C20:0 (Arachidic) 44.151
C20:1n9, (cis- 1 1-Eicosenoic) 44.547
C20:2 (cis-11,14-Eicosadienoic) 45.568
C20:3n6 (cis-8,11,14-Eicosatrienoic) 46.248
€20:3n3 (cis=d 1,14;17-Eicosatrienoic) 46.770
C20:4n6 (Arachidonic) 47.150
C20:5n3 (cis-5,8,11,14,17-Eicosapentaenoic) 48.566
C22:0 (Behenic) 48.905
C22:1n9 (Erucic) 49.564
C22:2 (cis-13,16-Docosadienoic) 51.212
C23:0 (Tricosanoic) 52.241
C24:0 (Lignoceric) 56.533
57.646

C24:1n9 (Nervonic)

Figure A1 GC chromatogram of 37 FAME:s standard.
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Drata File: chetaryjoepakpung? 30852 54820 Crperator (Cale): jo
Channel: Front = FID RESULTS Cale Date: 05/04/2010 13:34:58
Batmple T BAZ Times Caleulated: ]
Operator (Ingl: io Calelation Method:  ba2 546,20 p-front mth
Injection Diate: 27M02/2010 17:46.20 ) Instrument (Cale): gc
Injection Method: eilabehem0Pnew method jo-1.2 mth Fun Llode: Analyais
Faan Time (mir): 39440 Feak Measurement: Peak Area
W otkstation: Calewylation Type: Petcent
Instrumernt (Ind): ac Calibration Level: JUEE
Verification Tolerance: NFA
:t_ 2 44
= % = E
140 E. E i
i 15
1
100 |
2 Chl T
= = 5 SE g -
; a0 % B § g S_&E : %@
] & =z Il = 3 s
B = 2 2 = o2
=] - o 2 2 o
ﬁ F 2 R o
o AR N I |1 3 . ~—
-18 T T I | | 1
10 20 a0 40 a0
Minutes
Peak Peak Name Result() Ret Time,  Peak Area  Rel Sep. Width Status Group
o Time Offset (counis) Ret Code 1:2 Codes
(min) - (min) Time (sec)
1 140 0.1206, . 29720 0025 a054 noo BB 41 ]
2 Cl6:0 18 4132054621 0.06% 1072068 noo BB 535 ]
3 Cl6:1 03437 35113 0005 19810 n@gon” BB 42 ]
4 c170 171627 3ARS0 0.020 0E0A07 101+ BB 53 ]
5 180 34369 38984 0.058 198121 ooy BY 53 ]
4 ClE:1n9c 366557 39458 0.000 2113035 aoo vy .6 0
7 unk Las0s 38537 0.037 D680 noo VB 38 0
3 ClE2nAt 195033 40378 0.007 1124277 o0 BB 33 0
9 Cl85n5 01921 41620 0014 11075 noo BB 4.5 0
1a c20:0 09315 42963 0023 53687 0oo BB 4.6 0
11 C20:lng 026120 © 433527 1 0.019 13056 noo . BB 49 0
12 c220 05234 | 47142 | 0034 30170 nooy EB 6.7 ]
13 240 01648 53542 0065 2500 noo BB 113 ]
14 C24dndc 04042 54438 0415 23302 0oo BB 114 0
Totals 0900000 Dasp §T64541

Figure A2 GC chromatogram of BA oil methyl ester.
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Drata File: chetatyjoedorangstungl 711,57 Crperator (Cale): jo

Channel: Front = FID RESULTS Cale Date: 05/04/2010 17:58:37
Batmple T BC Titmes Caleulated: ]

Operator (Ingl: io Calelation Method:  be 7:11,57 pm-front mth
Injection Diate: 2102/2010 19:11.57 ) Instrument (Cale): gc

Injection Method: cilabchem0Twew method jo-1.2.mth Fun Mode: Analysis

Faan Time (mir): 39440 Feak Measurement: Peak Area

W otkstation: Calewylation Type: Petcent

Instrumernt (Ind): ac Calibration Level: JUEE

Verification Tolerance: NAA

i o ]
42
i 838 §
150 d 2%z
i id= 3
E e ,E
g
1004 - ]
W o -
= N = - g
E ool 3 38 e 28
509 % | #legs w2
o o e de ee
5 allg 2% 23
Al EE o no
ol il |k =5
-18 T T I | | 1
T 20 30 40 a0
Minutes
Peak Peak Name Result() Ret Time,  Peak Area  Rel Sep. Width Status Group
o Time Offset (counis) Ret Code 1:2 Codes
{1min) (min) Time (sec)
1 Cla0 13422 . 35379 002 136073 0.00 EBE 43 1]
2 c17a 161340 5~ 3072 0113 1635701 0.00 EBE 29 1]
3 120 0ad448 30781 o014 65375 0.a0 EF 49 1]
4 ClE:1Inde 121454 40358 0.066 1231313 (LT PV 23 1]
5 uik 04317 40351 -0.000 A847 00 VB 39 1]
6 C18:2ndt 24112 41200 0021 853735 a0l EBP 48 0
7 Cl18:3n53 58748 42508 0.030 295590 nop ve 4.8 0
2 C204 05184 43814 0009 52555 oo BV 4.7 0
o C20:1n9 47861 44242 0.028 485221 noo Wy 4.8 0
10 unk 10202 4438 0,000 104340 Dol WB 43 0
11 Cca0:2 02578 | 45176 1 -0.019 26131 ooo ;. BB 49 0
12 c220 05406 © 48,540 0139 35720 0o EV 111 1]
13 Ca2:nd 455548 49381 0.34a0 4518376 0.00 WF 153 1]
14 ca3a 05324 50621 0.0z21 A3 0.00 FE 25 1]
15 it 01514 52 056 a0 15348 ean Wy a1 1]
lé uik 01454 © 53032 0 -0.000 14740 a0 YE 08 1]
17 240 01970 — 356160 00461 19074 0.aa EE 121 1]
15 24009 L2327 56725 0006 1245976 0.00 BE 133 1]
Totals 909998 0641 10138059

Figure A3 GC chromatogram of BC oil methyl ester.
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Drata File: chetatyjoeigreenfingl 11,4558 amrun  Operator (Calc): jo
Channel: Front = FID RESULTS Cale Date: 05/04/2010 13:56:14
Batmple T EEH 1 Titmes Caleulated: Q
Operator (Ingl: io Calelation Method:  behl 11,4558 am-front mth
Injection Diate: 2022010 11:45:53 ) Instrument (Cale): gc
Injection Method: eilabehem0Pnew method jo-1.2 mth Fun Llode: Analyais
Faan Time (mir): 39440 Feak Measurement: Peak Area
W otkstation: Calewylation Type: Petcent
Instrumernt (Ind): ac Calibration Level: JUEE
Verification Tolerance: NFA
7] o
&
r .
@’ k
150 0
& O
1 &
o =1
i) =
100 o P
o] oy T
= o |
=] =l | T
= laes
- T ~ =
a0+ Yo o o0 ki
1E T :
e o 2 8
o0 = = =
SERE f : =
ﬂ i
-18 T T I | | 1
10 20 a0 40 a0
Minutes
Peak Peak Name Result() Ret Time,  Peak Area  Rel Sep. Width Status Group
o Time Offset (counis) Ret Code 1:2 Codes
{1min) (min) Time (sec)
1 Cla:0 81381 . 3%319 0072 338483 noo BB 44 ]
2 c170 166603530520 - - -0.028 AR2043 noo BB 49 ]
3 180 41132 33697 0070 171037 0@n EBP 48 ]
4 ClE:1n%e 532000 40102 0090 220400 .00 P¥ 45 ]
5 unk 05433 40246 0049 22555 oooy  vB 4.6 ]
4 ClE82nAt f38349 413205 0018 2655050 a0l BB 6.7 0
7 Cl85n3 01842 42388 0090 a6l 000 BB 42 0
3 unk 0125 43000  -0.001 5235 o0 BB 241 0
9 200 01388 43712 0108 BA06 noo BY 47 0
o C2ing 01234 44109 0107 5132 noo ¥y 58 0
11 202 02545 450947 ¢ 0.101 12248 nmos VB 338 0
12 unk 01671 | 48472 [ 0.000 G251 ooy EW 73 ]
13 unk 03596 55114 0000 14256 0oo BB 112 0
Totals 100.0000 -0.734 4158247

Figure A4 GC chromatogram of BEH oil methyl ester.
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Drata File: chetatyjoe'd b 5;09:31 pmoaun Crperator (Cale): keak

Channel: Front = FID RESULTS Cale Date: 0642010 18:23:.41
Batmple T BJ Titmes Caleulated: 3

Operator (Ingl: keak Calelation Method:  bj ;51,48 pm-front mth
Injection Diate: 06/04/2010 17:09 31 ) Instrument (Cale): gc

Injection Method: cilabchem0Twew method jo-1.2.mth Fun Mode: Analysis

Faan Time (mir): 39440 Feak Measurement: Peak Area

W otkstation: Calewylation Type: Petcent

Instrumernt (Ind): ac Calibration Level: JUEE

Verification Tolerance: NAA

e =3 g‘ i
L
i g’g T
- 9 vd B o~
140 E 3 i %
c39 g
=)
100 @ =
P d i e
S &, %25 5|8 o5
[= B G| = L
7 5 38 5358 o8
04—
W
-18 T T T T T |
10 20 0 40 a0
Minutes
Peak Peak Name Resuli () Ret Time ~ Peak Area  Rel Sep. Width Status Group
o Timie Offset (Eounis) Ret Code 1:2 Codes
Onin) (i) Time (sec)
1 C16:0 12291 34465 0058 102547 0.00 =) 49 1]
2 C16:1 01238 35017 0101 13020 (P ] vy a1 1]
3 170 171556 36841 0051 1805504 (iRH ] EBE 6.5 1]
4 120 0716l 3887 0033 TLA3T9 000 = 24 1]
5 Cl8:1nfc 61797 30301 0048 B50502 a0 vy 54 0
& ClE:1nM 05058 304250015 62718 oo Wy 52 0
7 Cl8:2ndc 111931 40294 0013 1178252 oo BB 58 0
g C18:3n5 24633 41604 0030 200502 noo BB 54 0
9 C204 LM o 429405 20037 68530 0.0, PR 535 0
1a C20:1nd 41356 @ 43348 0023 435343 p] F¥ 35 1]
11 utik ooles ¢ 43400 © 0012 JE500 0o VB a2 1]
12 202 05247 44245 0065 61530 0.00 EBE 23 1]
13 C20:4n06 01248 45503 0073 F3139 0.00 Ty 6.5 1]
14 205 0844 o 47 3040 0L ERIIE Q00 BW il16 1]
15 C23ng 42,1830 | 48027 0.000 4440525 000 VB 137 1]
16 <232 11487 49133 0012 120932 nooo BB o0 0
17 unk 07334 50216 0.045 Fra01 noo BW 03 0
18 unk 03318 51325 0004 34925 noo wE 105 0
1o Cz240 04620 53656 0.049 48633 noo BB 135 0
20 C24lnle 16278 54401 0.048 171355 0o0 BB 138 0
Totals 909000 0365 10526597

Figure AS GC chromatogram of BJ oil methyl ester.
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Drata File: chetatyjoe'd bp 356,03 pmoan Crperator (Cale): keak
Channel: Front = FID RESULTS Cale Date: 060442010 17:24:51
Batmple T EF Times Caleulated: 5
Operator (Ingl: keak Calelation Method:  bp 11,3953 am-front mth
Injection Diate: 06/04/2010 15:56.03 ) Instrument (Cale): gc
Injection Method: eilabehem0Pnew method jo-1.2 mth Fun Llode: Analyais
Faan Time (mir): 39440 Feak Measurement: Peak Area
W otkstation: Calewylation Type: Petcent
Instrumernt (Ind): ac Calibration Level: JUEE
Verification Tolerance: NFA
- 4 g R 4
o ; 5
d g %
150- 1442 o
i} @ =
4 R’
[&]
100 & _
: : 1. e
E - 3|k &g g%’
507 R gling ge
oltes oF
HlEzs 32
N, S H
0
-18 T T I | | 1
10 20 a0 40 a0
Minutes
Pealk Peak Mame Result () Ret Time, | Peak Area Rel Sep.  Width Status  Group
No Time  Offset (counts) Ret Code 1:2 Codes
(min) . - (min) Time (sec)
1 Cla:0 L6403 34472 0021 178821 noo BB 30 0
2 clrn 16,1894 536 230 0080 1F6a035 noo BB 6.7 0
3 Clg0 08025 38803 0035 B7433 nagns  BY 58 0
4 Cld:inde 104472 30337 0010 1138534 Qols vy 58 0
5 ClE8:1nM 0.5065 30444 0.004 55261 oooy vy 47 ]
4 Cl82nAc 02701 40295 0012 10746020 ool BB 56 ]
7 C18:5n% 6.6%65 41600 -0.034 730042 0oo BB 54 ]
H 200 07061 42958 0028 TRATT oo PP 57 ]
9 C20:1n9 60211 43371 -0.000 f56410 n.oo P¥ 56 ]
10 unk 08407 43511 0.000 91652 noo ¥v 50 ]
11 unk 01315 | 439437 0 0.000 14333 ooy vy 16.0 0
12 202 044851 | 44251 [ 0.060 51028 nooy ¥B 55 0
13 C20:5 08282 47313 0.000 o0227 noo BY 117 0
14 C2lind 41 8282 42042 0.317 4560040 noo VB 140 0
15 0232 07012 49 133 002 Fh40 a0y #BE 8.8 0
16 ik 04152 | 502138 0.047 45265 naof BV 93 0
17 unk 0.1984 & 51240 0.000 21632 naag VP 107 ]
18 240 0.3654 53655 0.042 39834 noo BB 136 ]
19 C24:1n%c 1.3331 54598 0.045 145335 0oo BB 138 0
Totals 1000001 0273 10901830

Figure A6 GC chromatogram of BP oil methyl ester.
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Drata File: chetaryjoetl 2016258 353918 pruoun Crperator (Calc): jo
Channel: Front = FID RESULTSI Cale Date: 05/04/2010 15:53:36
Satrple ID: CAC Times Caleulated: 4
Operator (T i0 Caleylation Method:  cac 33918 pm-front.mth
Injection Diate: SI03MA010 1530:18 _ Instrument (Cale): 3500
Injection Method: e\labehemlPnew method jo-1.2 mth Fun Mode: Analysis
Fun Time (i) 29.440 Peak Measurement: Peak Avea
W otlstation: Caleulation Type: Petcent
Instrament (Ing): GC3E00 Calibration Level: JKEE
Vetification Tolerance: NAA
3
150 i
i 7]
[ -
[
100 ~ o &
= i r =
= g 2 T T
z g i 8
50 - & & g
5 i1 z
o I
| i 8
04— o
i
-18 T T T T T 1
10 20 a0 40 a0
Minutes
Pealc Peal: Mame Resuli () Ret Time = Peak Area Rel Sep. Width Status Group
Mo Time  Offset (counts) Ret Code 1.2 Codes
(min)  (min) Time (sec)
1 cla0 66249 35472 0019 136675 noo BB 42 0
2 clrn 162370 37723 0007 334976 oo | BB 4.5 0
3 Clg0 S0Gas BB 0017 52654 R EP 4.5 0
4 ClE:inde 110260 40274 00335 227471 000 FB 4.4 0
5 Cld:InMt 03401 40413 0021 7016 .00 T3 0.0 0
[ ClE8:2nAt 618714 41312 0054 1276439 000 PB 53 ]
7 200 0.2197 43888 0017 45332 ooo vy 59 ]
H C20:1n9 02078 44284 0019 6145 noo vy 8.0 ]
9 C22:1nd 03448 0 480640, o0 030 F101 000, WB 7.7 0
Totals 100.0000 -0.199 2063049

Figure A7 GC chromatogram of CAC oil methyl ester.
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Drata File: chstaryjoethoymaw? 74451 pmonin Crperator (Calc): jo
Channel: Front = FID RESULTSI Cale Date: 05/04/2010 16:56:42
Satrple ID: CAD Times Caleulated: 2
Operator (T io Caleylation Method:  cao 839,17 pm-fromt.mth
Injection Diate: 02/0172010 19:44:51 _ Instrument (Cale): zc
Injection Method: e\labehemlPnew method jo-1.2 mth Fun Mode: Analysis
Fun Time (i) 29.440 Peak Measurement: Peak Avea
W otlstation: Caleulation Type: Petcent
Instrament (Ing): = Calibration Level: JKEE
Vetification Tolerance: NAA
o
A
I
=] F: S
1501 : o54s
[ (=3 )
~ i g
& b
100 o
] £,
= s
£ 5 £ &
50 - r E
€ 2
| .
b 8
) o
> i
-18 T T T T T 1
10 20 a0 40 a0
Minutes
Pealc Peal: Mame Resuli () Ret Time = Peak Area Rel Sep. Width Status Group
Mo Time  Offsei (Coumnis) Ret Code 1:2 Codes
(min) (i) Time (sec)
1 cla0 52633 34534 0019 245830 0oo BB 43 0
2 clrn 170321 34E13 0.042 206476 oo - BB 3l 0
3 Clg0 24225 3EBRIé 0002 114544 roos BY 48 0
4 ClE:inde 114359 39349 0.002 SANEEE noos vy 43 0
5 unk 05184 39470 0.000 2409 @00 VB 45 0
[ ClE8:2nAt 487311 4012 0.041 2303913 ooo BB 6.5 ]
7 C18:53n6 04276 40022 0014 20217 ooo BB 4.7 ]
H C18:58n% 128016 41648 0.014 A05236 n.oo FB 4.7 ]
9 unk 01673 = 42237 0.080 FO0F 0.go, BB 435 ]
o C200 05668 42040 0 0.046 26797 0o PP 48 ]
11 C20:1n9 02795 ¢ 43352 00039 13204 noo PB 52 ]
12 €220 02014 47107 0069 2524 noo BB 6.6 ]
13 €240 01263 53450 0146 5972 0o0 BB 152 0
Totals 0909090 0230 4727804

Figure A8 GC chromatogram of CAO oil methyl ester.
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Drata File: chetatyjoe'd. cas 11,39.53 amoran Crperator (Cale): keak
Channel: Front = FID RESULTS Cale Date: D6/04/2010 18:11:54
Batmple T CAS Times Caleulated: 13
Operator (Ingl: keak Calelation Method: 8 cas 11,3953 am-front mth
Injection Diate: 06/04/2010 11:39:53 ) Instrument (Cale): gc
Injection Method: eilabehem0Pnew method jo-1.2 mth Fun Llode: Analyais
Faan Time (mir): 39440 Feak Measurement: Peak Area
W otkstation: Calewylation Type: Petcent
Instrumernt (Ind): ac Calibration Level: JUEE
Verification Tolerance: NFA
- o 3
140 E ; 3
b E
E
100 o
£ Als& 5
€ b Y e £ L
50 § i % §5 2 oY% =
g o o3 £ 22
: ) ; q% @ T L2
8 ﬁ Srg M o=
0l \ A S-S E
-18 T T I | | 1
10 20 a0 40 a0
Minutes
Peak Peak Name Result() Ret Time,  Peak Area  Rel Sep. Width Status Group
o Time Offset (counis) Ret Code 1:2 Codes
(min) - (min) Time (sec)
1 Cla:0 184557 . 345635 0012 1790743 noo BB 6.4 ]
2 Cl6:1 0184 35025 - -0.093 17291 noo VB 49 ]
3 c170 183153 3A.200 0.039 1777118 n@gon” BB 6.6 ]
4 180 39ETA  3R025 0003 SRAA 1ol BY 6.4 ]
5 ClE:in9c 191498 39359 0.012 1858091 oooy  vB 6.4 ]
4 ClE82nAt 354965 40379 0.008 3444200 a0l BB 75 0
7 Cl835n6 00748 40929 0007 1257 000 BB 52 0
3 Cl85n5 05347 41549 0085 51826 o0 BB 3l 0
9 200 15629 42933 0051 152227 0o P¥ 54 0
o C2ing 0.2501 43300 0071 24269 noo ¥y 56 0
11 cZ20 079EL 471357 0 0041 A3 oo s BY 74 0
12 unk 01758 | 48230 | -0.000 1F05% nooy ¥B T3 ]
13 C230 01243 40057 0032 12059 noo BB 109 ]
14 C240 04724 53600 0007 45832 noo BY 133 ]
15 @24:1n% 01974 544100 014 191 56 0moy ~%B Wil ] ]
16 ok 0.0234 57701 -0.000 2097 noo;  BY 145 ]
17 unk 0.1307 & 58214 0.000 12678 ogo VB 146 0
Totals 999999 -0.463 9702915

Figure A9 GC chromatogram of CAS oil methyl ester.
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Drata File: chetaryjoe 216258 11,3430 pmoan Operator (Calc): jo

Channel: Front = FID RESULTS Cale Date: 05/04/2010 19:07:31
Batmple T cc Titmes Caleulated: ]

Operator (Ingl: io Calelation Method:  co 11;34;30 pm-front mth
Injection Diate: /0272010 223430 ) Instrument (Cale): G3200

Injection Method: cilabchem0Twew method jo-1.2.mth Fun Mode: Analysis

Faan Time (mir): 39440 Feak Measurement: Peak Area

W otkstation: Calewylation Type: Petcent

Instrumernt (Ind): GC3E00 Calibration Level: JUEE

Verification Tolerance: NAA

3 o i 3
= k- o =]
i k
3 8zg g
150 ki gu 3
o )
- kS
n 100 = . 2z ~
= g bR - 8
2 G -3 ol ~ ~©
£ & FIGE 8 ogs
50 o 2% CRE L o
i o 2o 2 e
[ o@ S H 2 2fF
E g 88 8 §°
0 &} [}
0 1 i, l_l‘__n_/\_/\_l
-18 T T I T T 1
10 20 a0 40 a0
Minutes
Peak Peak Name Result() Ret Time,  Peak Area  Rel Sep. Width Status Group
o Time Offset (counis) Ret Code 1:2 Codes
{1min) (min) Time (sec)
1 Cl6d 1.5442 35461 0030 122184 nooo BB 41 0
2 Cle6:1 01262 -~ 300033 - -0.000 D026 noo Wy 42 0
3 C1740 16.4224 37790 0.058 1200445 0@ BB 55 0
4 C184 0Az87 30847 0021 54493 101+ EB 44 0
5 Cl8:1n%c 58300 40388 0023 441306 ooy BV 4.5 0
6 Cl8:1nM 07482 40414 -0.020 59198 nor  ve 42 0
7 Cl8:2ndc 102002 41379 0.000 elds22 o) BB 4.8 0
2 Cl8:3n 103732 42805 0.029 20791 o) BB 4.8 0
o C204 06364 43804 0011 50360 noo wE 4.7 0
1 C20lnd 34796 44309 0.008 275330 oo BV 4.8 0
11 unk L1172 | 44465 0.00a 28402 oo Ve 4.4 0
1z cz02 0a0th | 45271 0.234 45557 oo EB 50 0
13 CZ205n3 0.1563 46793 0.000 12363 noo VB 58 0
14 C205n3 10946 43612 0.101 10 noo BW 99 0
15 @230 2 4030 9D 440 0356 3355178 0oy #HB 134 0
16 C2dnd 02646 . 49564 0 -0.430 20035 oo TR 0o 0
17 C2iz 13180 & 507617 "-0.000 104285 oor BB a7 0
18 <230 04907 53202 0.000 38829 noo vB 98 0
1o <240 05356 55806 0038 42382 oo BB 124 0
0 Ciklnd 18800 56935  -0.000 148759 00l BB 133 0
Totals 100.0000 0211 7912616

Figure A10 GC chromatogram of CC oil methyl ester.
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Drata File: chetaryjoevaratermellon k1 952,28 Crperator (Cale): jo
Channel: Front = FID RESULTS Cale Date: 010442010 21:32:42
Batmple T CIL Times Caleulated: 7
Operator (Ingl: io Calelation Method:  cil 952,28 am-front.mth
Injection Diate: 28/01/2010 09:52 23 ) Instrument (Cale): gc
Injection Method: eilabehem0Pnew method jo-1.2 mth Fun Llode: Analyais
Faan Time (mir): 39440 Feak Measurement: Peak Area
W otkstation: Calewylation Type: Petcent
Instrumernt (Ind): ac Calibration Level: JUEE
Verification Tolerance: NFA
- 5 .
-
5 £
140 g E 2
s 9 @
= -
c | g
o
- 100 = =
= -
g g 52 8
501 2 8% 8 8
] e
=2 T o 2]
=1 o o = o
o o~ e o4 [=
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Peak Peak Name Result() Ret Time,  Peak Area  Rel Sep. Width Status Group
o Time Offset (counis) Ret Code 1:2 Codes
{1min) (min) Time (sec)
1 Cla:0 82608 . 34492 0061 480436 noo BB 52 ]
2 c170 16,6188 36,774 0.0o4 0241332 noo BB 58 ]
3 180 49403 32004 0 0024 202603 0@n EBP 57 ]
4 ClE:1n%e Q1186 33504 0043 40247 .00 P¥ 54 ]
5 ClE:1n9t 04072 39434 0000 24137 oooy vy 58 ]
4 ClE82nAt SRTTAS 40394 0.023 3541319 a0l BB 72 0
7 200 01871 42839 0047 11024 000 EP 53 0
3 C20:AnG 01092 45611 0055 6471 oo EP 6.7 0
9 c220 0.1250 47391 0.213 74035 noo vy 73 0
1a Ci2iing 01211 47714 0011 7173 noo VB 7.6 0
11 240 0162380 © 532037 © -0.404 gh12 oo s BY 114 0
12 unk 01851 | 57202 0.000 10260 noo. EW 157 0
Totals 999999 -0.403 5024658

Figure A11 GC chromatogram of CIL oil methyl ester.



70

Drata File: chstaryjoeizomohl 30852 22734 Crperator (Cale): jo
Channel: Front = FID RESULTS Cale Date: 05/04/2010 15:28:19
Batmple T CIhI Titmes Caleulated: 4
Operator (Ingl: io Calelation Method:  citn 2;27;534 pm-front mth
Injection Diate: 05/02/2010 14.27 34 ) Instrument (Cale): gc
Injection Method: eilabehem0Pnew method jo-1.2 mth Fun Llode: Analyais
Faan Time (mir): 39440 Feak Measurement: Peak Area
W otkstation: Calewylation Type: Petcent
Instrumernt (Ind): ac Calibration Level: JUEE
Verification Tolerance: NFA
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Peak Peak Name Result() Ret Time,  Peak Area  Rel Sep. Width Status Group
o Time Offset (counis) Ret Code 1:2 Codes
{1min) (min) Time (sec)
1 Cla:0 186654 34634 0.021 1172800 noo BB 535 ]
2 c170 17 0661 30 564 0.024 1062541 noo BB 56 ]
3 180 49652 38003 0.065 311979 ngont BY 52 ]
4 ClE:1n%e 218103 39431 0.024 13704073 0oLs vy 58 ]
5 ClE:1n9t 04492 39521 -0.000 282323 oooy vy 42 ]
4 ClE82nAt 337068 40435 0.064 2117898 a0l BB 6.3 0
7 Cl85n3 29735 41645 0011 156831 noo VB 4.5 0
3 200 02742 42966 0020 17228 oo EP 48 0
9 240 01495 53543 0064 25932 0o0 BB 117 0
Totals 100.0002 0315 6283295

Figure A12 GC chromatogram of CIM oil methyl ester.
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Drata File: chetatyjoeiorangel  2:10,02 proran Crperator (Cale): keak
Channel: Front = FID RESULTS Cale Date: 05/04/2010 16:47:50
Batmple T CIR Titmes Caleulated: ]
Operator (Ingl: keak Calelation Method:  cir 2;10,02 p-front mth
Injection Diate: 06/02/2010 14:10.02 ) Instrument (Cale): gc
Injection Method: eilabehem0Pnew method jo-1.2 mth Fun Llode: Analyais
Faan Time (mir): 39440 Feak Measurement: Peak Area
W otkstation: Calewylation Type: Petcent
Instrumernt (Ind): ac Calibration Level: JUEE
Verification Tolerance: NFA
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Peak Peak Name Result() Ret Time,  Peak Area  Rel Sep. Width Status Group
o Time Offset (counis) Ret Code 1:2 Codes
{1min) (min) Time (sec)
1 Cla:0 175593 . 35358 0023 654014 noo BB 4.7 ]
2 Cl6:1 0. 420035525~ 0.039 L5676 noo BY 41 ]
3 unk 01184 36805 0.000 4409 n@gon” BB 44 ]
4 c170 171254 37581 0023 AATESD 101+ BB 49 ]
5 180 36889 39707 0.060 137398 ooy BY 50 ]
4 ClE:1n9c 16,2289 40141 0051 Aildd63 aoo vy 48 0
7 Cl2:inMt La2lg 40263 0.000 60405 noo vy 41 0
3 ClE2néc 3BI121T 41158 0.003 1419852 o0 BB 54 0
9 Cl85n5 37267 42403 0075 138803 noo VB 44 0
o C200 04336 43722 0101 16150 noo BY 43 0
11 C20:lng 011030 © 441167 ¢ -0.100 4108 omos VY 58 0
12 C220 io4n | 48232 | 0162 2575 nooy EB 72 ]
13 C230 05187 51875 0.204 19321 noo VB 8.0 ]
14 C240 02214 55380 0297 2246 0oo BB 122 0
Totals 100.0000 D621 3724604

Figure A13 GC chromatogram of CIR oil methyl ester.
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Drata File: chetatyjoepamplinl - 150,02 proran Crperator (Cale): keak
Channel: Front = FID RESULTS Cale Date: 05/04/2010 14:30:23
Batmple T CUM 1 Titmes Caleulated: 4
Operator (Ingl: keak Calelation Method:  cuml 150,02 pm-front mth
Injection Diate: 40272010 12:50:02 ) Instrument (Cale): gc
Injection Method: eilabehem0Pnew method jo-1.2 mth Fun Llode: Analyais
Faan Time (mir): 39440 Feak Measurement: Peak Area
W otkstation: Calewylation Type: Petcent
Instrumernt (Ind): ac Calibration Level: JUEE
Verification Tolerance: NFA
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Peak Peak Name Result() Ret Time,  Peak Area  Rel Sep. Width Status Group
o Time Offset (counis) Ret Code 1:2 Codes
{1min) (min) Time (sec)
1 140 0.1093 . 30534 0108 3564 noo BB 41 ]
2 Cl6:0 170255535334~ 0.05F 555138 noo BB 4.6 ]
3 c170 175644 37560 0045 STT09 n@gon” BB 4.6 ]
4 180 A.A264  30ARS 0072 F24530 .00 EBP 47 ]
5 ClE:in9c 167514 40122 -0.000 546201 o0 P¥ 47 ]
4 ClE:1n9t 03455 40241 0.000 11260 aoo Ve 4.6 0
7 Cl22nfc 398125 41138 0015 1301599 000 BB 52 0
3 Cl85n5 01338 42374 0104 40z1 o0 BB 44 0
9 200 03363 43702 0118 11419 noo BB 48 0
1a ik 0.3250 49 441 0.000 10598 noo ¥y 7.6 0
11 unk 018357 5509 0.000 5990 oo s BY 115 0
12 240 0174 | 56070 0.393 SAT7 ooy EW 136 ]
13 C24:1ng 01097 56513 0218 3575 noo VB 138 ]
14 unk 01035 57820 0000 3376 0oo BB 204 0
Totals 0900000 Da44 3260626

Figure A14 GC chromatogram of CUM oil methyl ester.
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Drata File: chetaryjoeironthind 212,33 pmoaan Crperator (Cale): jo
Channel: Front = FID RESULTS Cale Date: 0170442010 21:43:44
Batmple T Cvz Titmes Caleulated: 5
Operator (Ingl: io Calelation Method:  ov 2;12;33 pn-front mth
Injection Diate: 270112010 14:12.33 ) Instrument (Cale): gc
Injection Method: eilabehem0Pnew method jo-1.2 mth Fun Llode: Analyais
Faan Time (mir): 39440 Feak Measurement: Peak Area
W otkstation: Calewylation Type: Petcent
Instrumernt (Ind): ac Calibration Level: JUEE
Verification Tolerance: NFA
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Peak Peak Name Result() Ret Time,  Peak Area  Rel Sep. Width Status Group
o Time Offset (counis) Ret Code 1:2 Codes
{1min) (min) Time (sec)
1 Cla:0 6.2182 34427 0071 336032 noo BB 50 ]
2 c170 173502536760~ -0.001 855149 n.oo PP 56 ]
3 unk 0.2592 37830 0.000 12775 n@gon” BB 52 ]
4 180 42663 ZREI0 0038 2102095 1ol BY 54 ]
5 ClE:in9c 62795 30226 0061 309451 oooy vy 53 ]
4 ClE:1n9t 04332 39424 0009 21303 aoo vy 58 0
7 Cl22nAt 455396 40350 0021 2259192 000 EP 6.6 0
3 Cl85n5 182787 41621 0013 200859 o0 BB 35 0
9 200 02847 42842 0044 14523 0o VP 35 0
10 C2in? 01792 43319 0052 ER66 0.00 FEB 6.0 0
Totals 1000001 -0310 4928475

Figure A15 GC chromatogram of CV oil methyl ester.
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Drata File: chetaryjoeichingchanl  12,42:28 Crperator (Cale): jo
Channel: Front = FID RESULTS Cale Date: 05/04/2010 17:34:14
Batmple T Do Times Caleulated: Q
Operator (Ingl: jo Calelation Method:  do 11,15,54 am-front mth
Injection Drate: 060272010 004228 Instrument (Calc): GC3E00
Injection Method: cMabehem0Pew method jo-1.2 mth Fun Llode: Analyais
Faan Time (mir): 39440 Feak Measurement: Peak Area
W otkstation: Calewylation Type: Petcent
Instrumernt (Ind): GC3E00 Calibration Level: JUEE
Verification Tolerance: NFA
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Pealk Peak Mame Resulif) Ret Time | * Peak-Area Rel Sep.  Width Status  Group
Mo Time  Offset (counts) Ret Code 1.2 Codes
(min)  (min) Time (sec)
1 Cla:0 94830 35400 0.000 £38043 aooy BB 47 0
2 clrn 219305 3TA%6 0.000 1474875 000 BB 39 0
3 Clg0 54304 33E23 0 -0.000 365371 000 EP f.1 0
4 Cld:inde 432866 40318 -0.000 2012456 o0 FB 71 0
5 ClE82nAc 01437 41172 0.000 A15214 noo BB 435 ]
4 C18:58n% 04773 42440 0.000 32114 noo. VB 44 ]
7 200 L.a001" @ 437307 F 0.000 107662 nao PV 4.6 ]
H C20:1n9 13094 © 44184 0.000 8103 oooy ¥B 4.6 ]
9 unk 04594 47179 0000 30007 noo BB 0.5 ]
10 c220 29238 483al 0.004 196722 noo BB 72 ]
11 02%:1n9 02286 42 8930 L0003 15320 00 TF 0.0 0
12 G2amn 0.1626 | 51492 0.002 10938 naoo. BB 85 0
13 C240 35747 S56d0 0.002 240518 ool BB 122 0
Totals 1000001 0.005 6728303

Figure A16 GC chromatogram of DO oil methyl ester.
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Drata File: chetaryjoedukpud] 443537 proran Crperator (Cale): jo

Channel: Front = FID RESULTS Cale Date: 05/04/2010 15:16:23
Batmple T GI1 Titmes Caleulated: 5

Operator (Ingl: io Calewlation Iethod: 1 445,537 pv-front mth
Injection Diate: 04/02/2010 16:43.37 ) Instrument (Cale): gc

Injection Method: cilabchem0Twew method jo-1.2.mth Fun Mode: Analysis

Faan Time (mir): 39440 Feak Measurement: Peak Area

W otkstation: Calewylation Type: Petcent

Instrumernt (Ind): ac Calibration Level: JUEE

Verification Tolerance: NAA
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Peak Peak Name Result() Ret Time,  Peak Area  Rel Sep. Width Status Group
o Time Offset (counis) Ret Code 1:2 Codes
{1min) (min) Time (sec)
1 Cl44 0.1345 . 300507 0133 8826 nooo BB 4.1 0
2 Cl60 16.35F3 535344 < 1047 1020260 nooo BB 52 0
3 unk 01298 35697  -0.000 2574 ngnt - BV 4.1 0
4 Cl6:1 02742 35843 01321 18156 101y VB 4.1 0
5 unk 01659 36602 0.000 10944 ooy BV 4.1 0
6 C1740 167782 37576 0038 1108674 a0l BB 53 0
7 Cl8d 16728 30683 0084 1Teals oo EBP 53 0
2 uk 192357 40139 0.000 1271062 oo BV 535 0
o ClE:inle 08227 40234 0.042 54363 noo veB 4.1 0
i CleZnde 414051 _ 41168 0.015 2735970 0ol BB 6.7 0
11 C18:3n3 11103 © 423517 7 0127 Ta367 oo Ve 43 0
12 Cz200 03403 | 45674 | 0140 22487 oo EP 47 0
13 C20:nd 01292 44070 0148 2536 nooo FB 50 0
14 240 04434 55872 0.29 29301 0o0 BB 124 0
Totals 100.0000 D494 6607816

Figure A17 GC chromatogram of GJ oil methyl ester.
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Drata File: chetaryjoe2141.0% 102214 amran Operator (Cale): jo
Channel: Front = FID RESULTS Cale Date: 05/04/2010 19:13:59
Batmple T HI3 Titmes Caleulated: 17
Operator (Ingl: io Calelation Method:  his 10:22,14 am-front.mth
Injection Diate: 13/02/2010 10:22:14 ) Instrument (Cale): G3200
Injection Method: eilabehem0Pnew method jo-1.2 mth Fun Llode: Analyais
Faan Time (mir): 39440 Feak Measurement: Peak Area
W otkstation: Calewylation Type: Petcent
Instrumernt (Ind): GC3E00 Calibration Level: JUEE
Verification Tolerance: NFA
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Peak Peak Name Result() Ret Time,  Peak Area  Rel Sep. Width Status Group
o Time Offset (counis) Ret Code 1:2 Codes
{1min) (min) Time (sec)
1 140 01997 . 35371 0026 1885 noo BB 32 ]
2 Cl6:0 167242540164 - -0.002 157871 noo BB 33 ]
3 Cl6:1 02571 40772 0022 2427 n@gon” BB 32 ]
4 c170 154519 42400 0.003 174181 101+ BB 335 ]
5 180 41196 44548 0013 3REET 0ooy BB 35 ]
4 ClE:1n9c 312381 45063 0.000 24878 a0l BB 39 0
7 unk 04119 45194 0.000 B9 000 T3 0.0 0
3 ClE2néc 262159 44182 0.000 247471 o0 BB 42 0
9 unk 15273 47676 0.000 14417 noo BY 49 0
1a Cl85n5 01606 47872 0034 1516 noo VB 4.6 0
11 200 0AF3F | 487487 1 0043 a348 noo . BB 54 0
Totals 1000000 -0.137 943970

Figure A18 GC chromatogram of HIS oil methyl ester.
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Drata File: chetatyjoe 16258 547,14 prroran Crperator (Cale): keak
Channel: Front = FID RESULTS Cale Date: 05/04/2010 17:50:21
Batmple T L3 Titmes Caleulated: 3
Operator (Ingl: keak Calelation Method: 15 547;14 pm-front.mth
Injection Date: 20/01/2010 17.47.14 ) Instrument (Cale): G300
Injection Method: eilabehem0Pnew method jo-1.2 mth Fun Llode: Analyais
Faan Time (mir): 39440 Feak Measurement: Peak Area
W otkstation: Calewylation Type: Petcent
Instrumernt (Ind): GC3E00 Calibration Level: JUEE
Verification Tolerance: NFA
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Peak Peak Name Result() Ret Time,  Peak Area  Rel Sep.  Width Status Group
o Time Offset (counis) Ret Code 1:2 Codes
(min) - (min) Time (sec)
1 Cla:0 07410 35492 0.001 296808 noo BB 43 ]
2 c170 16,8430 30745 0013 513510 noo BB 435 ]
3 180 53244 3082 0006 164112 n@gon” BB 45 ]
4 ClE:1n%e 4521940371 0037 130653 101+ BB 44 ]
5 ClE:1n9t 02561 40415 0019 T206 o0 T3 0.0 ]
4 ClE82nAt 621903 41347 0.000 1895513 a0l BB 6.0 0
7 Cl85n3 01218 42583 0013 374 000 BB 44 0
3 200 0.2614 43891 0014 7067 o0 BB 4.6 0
9 C20:1ng 00915 44289 0014 279 noo BB 6.7 0
o C20:5nG 00823 48403 0024 2508 0oo BB 70 0
11 Ci2ilng 009500 © 487677 0427 2594 noo . BB 77 0
12 unk 03465 | 55545 | 0037 10562 noo. EW 115 0
Totals 1000001 -0377 3047926

Figure A19 GC chromatogram of LS oil methyl ester.
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Drata File: chetatyjoeunaccadatdal 308 532 Crperator (Cale): jo
Channel: Front = FID RESULTS Cale Date: 05/04/2010 14:20:56
Batmple T MIALL Titmes Caleulated: Q
Operator (Ingl: io Calelation Method:  mail 30852 12;04,43 pm-front mth
Injection Diate: 02/02/2010 12.04.43 ) Instrument (Cale): gc
Injection Method: eilabehem0Pnew method jo-1.2 mth Fun Llode: Analyais
Faan Time (mir): 39440 Feak Measurement: Peak Area
W otkstation: Calewylation Type: Petcent
Instrumernt (Ind): ac Calibration Level: JUEE
Verification Tolerance: NFA
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Peak Peak Name Result() Ret Time,  Peak Area  Rel Sep. Width Status Group
o Time Offset (counis) Ret Code 1:2 Codes
{1min) (min) Time (sec)
1 140 0.7233 . 29727 0018 40346 noo BB 41 ]
2 Cl6:0 69580 34 524 0031 382132 noo BB 47 ]
3 Cl6:1 16.5512 35186 0.062 023333 n@gon” BB 50 ]
4 unk 02281 35402 0.000 13726 .00 T2 0.0 ]
5 c170 16,7995 34552 0.082 Q37079 0ooy BB 53 ]
4 180 27901 38994 0.066 155633 a0l BY 55 0
7 ClE:indc 459747 39485 -0.000 2504591 noo vy 72 0
3 ClE:indt 26963 39560 0.000 150410 oo VB 32 0
9 ClE2néc 1.2171 40306  -0.001 G7EE0 noo BB 44 0
o ClE3ns 01001 41623 0009 3321 0oo BB 4.6 0
11 c200 202980 429817 © 0.005 1153224 noo BP 47 0
12 C20:1nd L7247 | 45372 0.001 Of202 noo EV 47 ]
13 unk 1.2155 46315 -0.000 67803 noo BB 186 ]
14 C220 05671 47450 0026 31634 noo BB 6.5 ]
15 @2%1n0 01730 o7 T06 0019 2608 om0y ~BY 71 ]
16 G240 02452 | 53557 0.050 13847 oo BB 114 0
Totals 100.0000 0.120 5578028

Figure A20 GC chromatogram of MAI oil methyl ester.
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Drata File: chetatyjoepibl keak 651,23 pmoan Crperator (Cale): jo
Channel: Front = FID RESULTS Cale Date: 01/04/2010 21:13:38
Sample 1D pikul keak Times Caleulated: ]
Operator (Ingl: io Calelation Method:  cMabchem0%new method jo-1.2.mth
Injection Diate: 01/04/2010 18:51.23 ) Instrument (Cale): gc
Injection Method: eilabehem0Pnew method jo-1.2 mth Fun Llode: Analyais
Faan Time (mir): 39440 Feak Measurement: Peak Area
W otkstation: Calewylation Type: Petcent
Instrumernt (Ind): ac Calibration Level: JUEE
Verification Tolerance: NFA
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Minutes
Peak Peak Name Result() Ret Time,  Peak Area  Rel Sep. Width Status Group
o Time Offset (counis) Ret Code 1:2 Codes
{1min) (min) Time (sec)
1 Cla:0 00000 34539 0014 078519 noo BB 56 ]
2 Cl6:1 0.1E30 35032~ 0.020 10120 noo VB 48 ]
3 c170 168060 36526 0.056 1670098 n@gon” BB 6.6 ]
4 180 T051 38026 0.09% 26T 1ol BY 83 ]
5 ClE:in9c 533877 39408 0.151 5ATARSS oooy vy 9.6 ]
4 ClE82nfAc Q2492 40318 0.011 973498 aoo Ve 54 0
7 Cl85n3 01043 41569 0085 10508 noo VB 53 0
3 200 09782 42854 0032 Sa6E1 o0 BY 54 0
9 C20:1ng 06655 433327 0044 65720 noo vy 35 0
o C220 04460 47162 0014 44085 noo BY 73 0
11 240 0255920 @ 53645 0033 28576 oo s BY 130 0
12 C24dnfc 02640 | 54439 | 0075 26186 noon WY 16.9 0
Totals 100.0000 0030 0884033

Figure A21 GC chromatogram of ME oil methyl ester.
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Drata File: chetatyjoepeepl  1,57,00 prmonan Crperator (Cale): jo
Channel: Front = FID RESULTS Cale Date: 05/04/2010 13:03:59
Batmple T peepl Times Calewlated: 14
Operator (Ingl: io Calolation Method:  peepl 1,57;00 pm-front.mth
Injection Diate: 19/02/2010 13:57.00 ) Instrument (Cale): gc
Injection Method: eilabehem0Pnew method jo-1.2 mth Fun Llode: Analyais
Faan Time (mir): 39440 Feak Measurement: Peak Area
W otkstation: Calewylation Type: Petcent
Instrumernt (Ind): ac Calibration Level: JUEE
Verification Tolerance: NFA
o ]
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Peak Peak Name Result() Ret Time,  Peak Area  Rel Sep. Width Status Group
Mo ‘Time Offset (counis) Ret Code 1.2 Codes
(min) - (min) Time (sec)
1 Cla:0 00871 . 35298 0093 544216 noo BB 435 ]
2 Cl6:1 0. 1488 535520 < 0135 2443 noo vy 41 ]
3 unk 0.2624 36111 0.000 16090 ngon- - vB 42 ]
4 c170 175724 37568 0046 1053558 101+ BB 52 ]
5 180 Tas0l 3T 0037 458664 ooy BY 6.2 ]
4 ClE:1n9c 543411 40324 0.032 3258029 aoo vy 73 0
7 unk O.ad7e 405010 0042 40045 noo VB 41 0
3 ClE2néc 24406 41031 0132 146330 o0 BB 43 0
9 Cl85n5 03116 42338 0140 186423 noo BB 42 0
1a ik 01008 43404 0.000 049 noo BY 4.5 0
11 c200 23853 436860 1§ 0137 143014 nmos VB 4.4 0
12 C20:1n9 L3530 | 44075 | 0141 21119 ooy EW 435 ]
13 C20:5n% 25448 48178 0114 152573 noo BB 7.0 ]
14 C2Lind 03796 43748 0275 24759 noo BY 93 ]
15 @240 03565 055 2550 H0E2a 45345 0m0y BB 12.0 0
Totals 990900 -1.446 E005516

Figure A22 GC chromatogram of MH oil methyl ester.
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Drata File: chetaryjoeirl 60225 pmoan Crperator (Cale): keak
Channel: Front = FID RESULTS Cale Date: D6/4/2010 09:06:34
Batmple T ML Times Caleulated: 7
Operator (Ingl: keak Calelation Method:  ml 7;13;31 pme-front.mth
Injection Date: 28/01/2010 18:08:25 ) Instrument (Cale): G300
Injection Method: eilabehem0Pnew method jo-1.2 mth Fun Llode: Analyais
Faan Time (mir): 39440 Feak Measurement: Peak Area
W otkstation: Calewylation Type: Petcent
Instrumernt (Ind): GC3E00 Calibration Level: JUEE
Verification Tolerance: NFA
| 3
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-18 T T I | | 1
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Minutes
Peak Peak Name Result() Ret Time,  Peak Area  Rel Sep. Width Status Group
o Time Offset (counis) Ret Code 1:2 Codes
(min) - (min) Time (sec)
1 Cla:0 47348 41209 0.023 TiT14 noo BB 32 ]
2 c170 12,0481 44 460 0054 206231 noo BB 33 ]
3 180 23386 44502 0.031 38324 n@gon” BB 37 ]
4 ClE:1nM EAAda 45134 0000 AA617 101+ BB 45 ]
5 ClE82nAt 244458 4532432 0.000 401239 0ooy BB 44 ]
4 C185n6 00834 46936 0049 1369 a0l BB 43 0
7 Cl85n3 L5170 47922 0.016 24900 000 BB 4.6 0
3 200 09725 49820 0.009 16061 o0 BB 35 0
9 C20:1 23993 50559 0011 30321 noo BB 37 0
o C220 59531 58039 0.045 97711 0oo BB 31 0
11 [orrR| 04825 @ 58230 0.00% 919 noo . BB 3.9 0
Totals 996457 0.148 1635526

Figure A23 GC chromatogram of ML oil methyl ester.
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Drata File: chataryjoeranam kikler  12;04;41 Crperator (Cale): jo
Channel: Front = FID RESULTS Cale Date: 010442010 21:21:58
Sample 1D manam kikdar Times Caleulated: f
Operator (Ingl: io Calelation Method:  cMabchem0%new method jo-1.2.mth
Injection Diate: 19/12/2009 12.04:41 ) Instrument (Cale): gc
Injection Method: eilabehem0Pnew method jo-1.2 mth Fun Llode: Analyais
Faan Time (mir): 39440 Feak Measurement: Peak Area
W otkstation: Calewylation Type: Petcent
Instrumernt (Ind): ac Calibration Level: JUEE
Verification Tolerance: NFA
T =
[ S
o]
4
140 /] 3
H
= 5
2 ~
T =
100 2 = 3 '-.
2 SR
2 fl- B - ~
e Blhdeis £ g
7 cl 3ERE e
g o M ' 3
o4 [ 3 ﬁ
W
-18 T T I | | 1
10 20 a0 40 a0
Minutes
Pealk Peak Mame Result () Ret Time® Peak Area Rel Sep.  Width Status  Group
Mo Time.  Offset (counis) Ret Code 1:2 Codes
(min) - (min) Time (sec)
1 cla0 46147 ) 234450 - 0132 344898 noo BB 50 0
2 Cla:l 09637 =r32077 014t 71982 noo vy 30 0
3 clrn 170657, 3&730 . © 0031 1275037 noo BB 6.0 0
4 Clg0 39761 38813 0 0015 296595 nog.  BY 7.6 0
5 Cld:inde SRoa4n 30412 0.0635 4401455 ooy vy 8.9 0
[ ClE8:1nM 30016 334ye 0000 230934 o vy 4.0 ]
7 Cl82nAc 05576 40189 0118 41650 ao”  vB 50 ]
H C18:58n% 01257 41506  -0.000 0aEy ooo vy 54 ]
9 200 25595 42894 0092 191184 oo P¥ 56 ]
0 C20:1n 20511 43270 0101 151716 noo vy 54 ]
11 c220 52477 47117 0059 391956 noo BY T3 ]
12 C22dng 03520 406090 F 0416 LB0%6 0ansy, Sy 81 ]
13 €240 07026 @ 55438 | 0119 52424 oo . BB 129 0
Totals 1000001 -0.849 7469608

Figure A24 GC chromatogram of MO oil methyl ester.



83

Drata File: chetaryjoeyantetl 1,01:03 pmaun Crperator (Cale): keak
Channel: Front = FID RESULTS Cale Date: 05/04/2010 15:03:47
Batmple T MVF 1 Times Caleulated: 4
Operator (Ingl: keak Calelation Method:  myfl  2;20,51 pro-front. mth
Injection Diate: 5/02/201012:01.03 ) Instrument (Cale): gc
Injection Method: eilabehem0Pnew method jo-1.2 mth Fun Llode: Analyais
Faan Time (mir): 39440 Feak Measurement: Peak Area
W otkstation: Calewylation Type: Petcent
Instrumernt (Ind): ac Calibration Level: JUEE
Verification Tolerance: NFA
i g
B
140 ;i 2
100 2 g’
2 s g
2 N T N SN
50 ol IR W N N B
] EE, = 5 TS o) ! 2
= = =] o = - = B
= 2 P RN E e
il __Jn . whl I I :'l U‘ U. i 5 1 L: ﬁ
W
-18 T T I | | 1
10 20 a0 40 a0
Minutes
Peak Peak Name Result() Ret Time, Peak Area  Rel Sep. Width Status Group
o Timie Offset (coumnis) Ret Code 1:2 Codes
(min) . - (min) Time (sec)
1 unk 0.4397 7225 0.000 14892 noo BB 29 ]
2 unk 05557 Fa02 <0081 12821 noo BY 2.6 ]
3 unk 0.7219 2095 0.000 24450 ngo- BB 27 ]
4 unk 040328 2341 0.000 13643 0ols BY 28 ]
5 unk 1 4585 9389 0.000 48401 0oos BB 29 ]
4 unk 04206 10083  -0.000 14245 a0l BB 29 0
7 unk 0.3257 10445 0.000 11032 000 BB 3.0 0
3 unk 01570 14212 0.000 5317 @00 BB 34 0
9 unk 15303 14708 0.000 52510 noo BB 33 0
i Cioa 0.3419 12983 0.147 11579 0o FB 34 0
11 cl20 04128 | 253725 0 0101 13234 oooy BB 38 0
12 unk 115088 | 27100 @ -0.000 51107 nooy ¥B 335 ]
13 Cl40 582049 30679 0.037 1971477 noo BB 6.0 ]
14 Cl41 01326 31421 0054 4401 noo BB 4.6 ]
15 g6 60995 955302 0080 206502 om0y BV 48 ]
16 Gk 0.1435 | 35553 -0.000 4237 noof vB 37 ]
17 CLED 186207 & 37575 0039 A30709 ooo BB 42 ]
g Cl80 04875 39665 0102 23288 noo VB 45 ]
18 ClEin9c 73454 40093 0099 248798 0oo BB 43 0
20 Clalnéc 04715 41043 0110 15971 0.00 PB 4.6 0
Totals 100.0003 -0411 3387134

Figure A25 GC chromatogram of MYF oil methyl ester.
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Drata File: chetatyjoeuraengluld 10,4118 amoran Operator (Calc): keak
Chatinel: Front = FID RESULTS Cale Date: 040242010 11:40:39
Batmple T 0 2 Times Caleulated: 1
Operator (Ingl: keak Calelation Method:  cMabchem0%new method jo-1.2.mth
Injection Diate: 04/02/2010 10:41:13 ) Instrument (Cale): gc
Injection Method: eilabehem0Pnew method jo-1.2 mth Fun Llode: Analyais
Faan Time (mir): 39440 Feak Measurement: Peak Area
W otkstation: Calewylation Type: Petcent
Instrumernt (Ind): ac Calibration Level: JUEE
Verification Tolerance: NA&
| g o
‘0. 9
150 S g%
" ; - 9
- =3
-
100 & 5
2 <ol I
= A R : e
- 50 k. g 8 3
58 e &
5 i = =]
ao o ) <
é GFE] o N
ﬂ i
-18 T T I | | 1
10 20 a0 40 a0
Minutes
Peak Peak Name Result() Ret Time,  Peak Area  Rel Sep. Width Status Group
o Time Offset (counis) Ret Code 1:2 Codes
(min) - (min) Time (sec)
1 Cla:0 52109 . 35307 0024 223661 noo BB 42 ]
2 Cl6:1 0.0943 535885 - -0.099 4047 noo VB 43 ]
3 c170 169916 37580 0025 203132 n@gon” BB 49 ]
4 180 R e 1 R 1] 122020 101+ BB 4.6 ]
5 ClE:in9c 105339 400121 0071 452134 ooy BY 4.6 ]
4 unk 0.4%62 40244 0050 21298 aoo Ve 43 0
7 Cl22nfc Prdae 41113 0040 71561 000 EP 48 0
3 Cl85n5 453208 42498 0.020 1945259 oo EP 52 0
9 200 01250 43718 0105 7039 0o FB 47 0
1a C20:ing 01265 44112 0104 3431 0oo BB 4.5 0
11 202 02047 © 480627 © -0.130 a7z noo . BB 3.0 0
12 230 01258 | 51584 0.004 5300 ooy EW 81 ]
13 240 0.1247 56007 0.420 5352 0oo BB 119 0
Totals 1000001 -0340 4202199

Figure A26 GC chromatogram of OC oil methyl ester.
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Drata File: chetaryjoeidatokrok]l 33948 proran Crperator (Cale): jo
Channel: Front = FID RESULTS Cale Date: 05/04/2010 13:49:37
Batmple T PAF 1L Times Caleulated: 12
Operator (Ingl: jo Calelation Method:  pafl 3;39,48 pr-front mth
Injection Drate: 2E01F2010 153948 Instrument (Calc): ar
Injection Method: cMabehem0Pew method jo-1.2 mth Fun Llode: Analyais
Faan Time (mir): 39440 Feak Measurement: Peak Area
W otkstation: Calewylation Type: Petcent
Instrumernt (Ind): ac Calibration Level: JUEE
Verification Tolerance: NFA
i g
;.
300 3
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F
200+ 5
r
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2 o
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E P
1004 § § %‘?
o o o
ig 8
W oo = =
oo 5 E
D P ¥
-34 T | T T T 1
10 20 30 40 a0
Minutes
Pealk Peak Mame Resulif) Ret Time | * Peak-Area Rel Sep.  Width Status  Group
No Time  Offset (counts) Reg Code 1:2 Codes
(min)  (min) Time (sec)
1 Cla:0 32319 33314 0077 33TALD aooy BB 43 0
2 Cla:l 01344 33843 0101 5002 aoo ve 43 0
3 clrn 166794 37574 0040 B3YA0E 000 BB 47 0
4 C18:0 20326 39683 0084 Trae9 no0 BB 49 0
5 unk 121543 40112 0.000 464623 noo BV 4.6 ]
4 ClE:1n%c 04421 40241 0.049 16899 noo. VB 4.7 ]
7 Cl82nAc Sgrene - 41179 0.026 2247407 ngo . BB 6.3 ]
H C18:5n% 03027 | 42381 [ 0097 15241 oooy ¥B 44 ]
9 200 01212 43702 0121 4634 n.oo EBP 48 ]
10 C20:1n9 01152 44009 0117 4404 n.oo PB 54 ]
11 vtk 04341 g0 4560 L0000 5127 0|0y BB 74 0
12 ik 0.14553 | 55079 0.000 5553 0a0. BB 115 0
Totals 1000001 -0562 3822714

Figure A27 GC chromatogram of PAF oil methyl ester.
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Drata File: chetaryjoe'dV pe 1;11;33 pmoaan Crperator (Cale): keak
Channel: Front = FID RESULTS Cale Date: D6/04/2010 17:16:13
Batmple T FE Titmes Caleulated: 4
Operator (Ingl: keak Calelation Method: 27 pe 1;11;33 pm-front mth
Injection Diate: 06/04/2010 13:11.33 ) Instrument (Cale): gc
Injection Method: eilabehem0Pnew method jo-1.2 mth Fun Llode: Analyais
Faan Time (mir): 39440 Feak Measurement: Peak Area
W otkstation: Calewylation Type: Petcent
Instrumernt (Ind): ac Calibration Level: JUEE
Verification Tolerance: NFA
7 ﬁ [= Qr- I
43 84
F ohch T
(R [
150 7
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= 2
o
all z : %
4 L :
ﬂ i
-18 T T I | | 1
10 20 a0 40 a0
Minutes
Pealk Peak Mame Result () Ret Time, Peak Area Rel Sep.  Width Status  Group
No Time  Offset (cowuts) Ret Code 1:2 Codes
(ain) - (mdn) Time (sec)
1 Cla:0 BARAT 34522 0031 276063 noo BB 35 0
2 clrn 17 AéFlle 36213 0.043 140073 noo BB 6.5 0
3 C18:0 55301 38923 0005 546640 nan-  BY 6.0 0
4 ClE:1n%c OAdlE 33938 0019 Q49538 0oLy vy 56 ]
5 [BERE 07147 30440 0.000 TO396 oooy vy 48 ]
4 ClE82nAc 142001 400307 0.000 1407472 ool BB 58 ]
7 Cl83n3% 426305 41327 0.093 4105794 000 EBP 79 ]
H 200 01858 42933 0051 18296 oo T2 0.0 ]
9 C20:1n9 01890 43311  -0.060 18613 n.oo PB 0.0 ]
10 unk 0.2368 50171 0.000 23325 0ol BB 107 0
Totals 999900 -0.024 0849262

Figure A28 GC chromatogram of PE oil methyl ester.
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Drata File: chetatyjoepf 20741 proran Crperator (Cale): keak
Channel: Front = FID RESULTS Cale Date: 060442010 09:50:17
Batmple T FF Titmes Caleulated: 21
Operator (Ingl: keak Calelation Method:  pf29852 2,32;08 pm-front.mth
Injection Diate: 03/03/2010 140741 ) Instrument (Cale): gc
Injection Method: eilabehem0Pnew method jo-1.2 mth Fun Llode: Analyais
Faan Time (mir): 39440 Feak Measurement: Peak Area
W otkstation: Calewylation Type: Petcent
Instrumernt (Ind): ac Calibration Level: JUEE
Verification Tolerance: NFA
- 5 &
o N
& 234
150 g 24
g 1 811
0
100 g,
£ -
(=] (]
=
a0+ -
;s
i
5 - i
-18 T T I | | 1
10 20 a0 40 a0
Minutes
Peak Peak Name Result() Ret Time,  Peak Area  Rel Sep. Width Status Group
o Time Offset (counis) Ret Code 1:2 Codes
(min) - (min) Time (sec)
1 Cl6:1 6.0405 35392 0.220 323133 noo BB 44 ]
2 c170 170570370625 - -0.000 012453 noo BB 53 ]
3 180 24400 33724 0000 131009 ngont BY 50 ]
4 ClE:1n%e 117626 40218 0000 AAQ556 0oLs vy 48 ]
5 ClE:1n9t 06240 40334 0.000 37124 oooy  vB 42 ]
4 ClE82nfAc 234630 41325 0.000 1255138 a0l BB 52 0
7 C1835n3 385279 43588 0000 2061022 000 BB 5.8 0
Totals 100.0000 0280 5349435

Figure A29 GC chromatogram of PF oil methyl ester.
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Drata File: chetatyjoeizel 337,52 pmaun Crperator (Cale): keak
Chatinel: Front = FIDD RESULTS Cale Date: 06042010 09:58:51
Batmple T SEI Titmes Caleulated: 12
Operator (Ingl: keak Calelation Method:  sed 2,32:08 pm-front mith
Injection Diate: 05/03/2010 15:37.52 ) Instrument (Cale): gc
Injection Method: eilabehem0Pnew method jo-1.2 mth Fun Llode: Analyais
Faan Time (mir): 59.440 Peak Measurement: Peak Area
W othkstation: Calewylation Type: Percent
Instrumernt (Ind): ac Calibration Lewel: HSA
Verification Tolerance: NAA
| d
g
o
150 e 4
o
=]
o
o
1004
o
S &
= g
a0+ g
2
=
&
a 11 T W
W
-18 I T I T |
1o 20 30 40 a0
Minutes
Peak Peak Name Result () Ret Time Peak Area Rel Sep.  Width Status  Group
No Time Offset (cowuts) Ret Code 1:2 Codes
(amin) (i) Time (sec)
1 Clg:0 T 5242 . 3593 0.03% 08546 0.00 BE 47 1]
2 Ci70 16 QalE s~ Se BT S 0.105 145004 0.00 BE 35 1]
3 C1E0 45477 30025 0.097 306913 0.a0 =24 23 1]
4 [SERE 3358506 530484 0.000 FAET1IR (L7 vy ¥ 1]
5 C1E:1n0t 04320 30553 0.000 20580 00 VB oo 1]
] Cl1E2nAc 364923 40482 0.000 2465490 .00 EBE [if] 1]
7 200 04255 42979 0007 2200 .00 BV 48 1]
Totals 100.0001 0234 6756188

Figure A30 GC chromatogram of SEI oil methyl ester.
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Drata File: chstaryjoeizamohithal keak T57.23 Crperator (Cale): jo
Channel: Front = FID RESULTS Cale Date: 010442010 21:07:46
Batmple T samohthai keak Titmes Caleulated: 7
Operator (Ingl: io Calelation Method:  samohthai keak 7,57;23 pm-front.mth
Injection Diate: 01/04/2010 19:57.23 ) Instrument (Cale): gc
Injection Method: eilabehem0Pnew method jo-1.2 mth Fun Llode: Analyais
Faan Time (mir): 39440 Feak Measurement: Peak Area
W otkstation: Calewylation Type: Petcent
Instrumernt (Ind): ac Calibration Level: JUEE
Verification Tolerance: NFA
T Iy =
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160 I
a4 1
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50 %g 5 =
€ = 2}
l o o
”“Fg g 3
o4— s A b S
W
-18 T T I | | 1
10 20 a0 40 a0
Minutes
Peak Peak Name Result() Ret Time,  Peak Area  Rel Sep.  Width Status Group
o Time Offset (counis) Ret Code 1:2 Codes
(min) (min) Time (sec)
1 Cla:0 143363 34567 0014 1407740 noo BB 6.1 ]
2 c170 17 a4~ 530 0060 1¥13337 noo BB 6.6 ]
3 180 59531 380977 0.049 584564 ngont BY 72 ]
4 ClE:1n%e 77198 Ep43 0.074 7934 .00 VP T4 ]
5 ClE82nAt 325531 40398 0.027 3196529 o0 PB 73 ]
4 200 02979 42949 0037 32164 ] EP 53 0
7 C20:ing 0.2led 43319 0051 21252 000 P¥ 57 0
3 202 0.1406 44249 0063 13803 o0 BB 54 0
9 c220 05844 47160 0016 57323 noo vy 7.6 0
10 240 01501 53635 0.013 14738 noo o WY 139 0
Totals 1000001 0075 9819444

Figure A31 GC chromatogram of TC oil methyl ester.
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Figure A33 'H-NMR spectrum of BA oil methyl ester.
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Figure A35 'H-NMR spectrum of BC oil methyl ester.
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Figure A37 'H-NMR spectrum of BEH oil methyl ester.
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Figure A39 'H-NMR spectrum of BJ oil methyl ester.
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Figure A41 'H-NMR spectrum of BP oil methyl ester.



95

..... ///@\\f:\ N
igufe Ad: » ’\\\\ e CAC oil.
/&

]
-
.,l

F’T‘UEJ’J‘VIEWI?WEJ ‘

Figure A43 "H-NMR spectrum of CAC oil methyl ester.
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Figure A45 "H-NMR spectrum of CAO oil methyl ester.
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Figure A47 '"H-NMR spectrum of CAS oil methyl ester.
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Figure A49 "H-NMR spectrum of CC oil methyl ester.
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Figure A51 "H-NMR spectrum of CIL oil methyl ester.
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Figure A53 "H-NMR spectrum of CIM oil methyl ester.
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Figure A55 'H-NMR spectrum of CIR oil methyl ester.
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Figure A57 "H-NMR spectrum of CUM oil methyl ester.
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Figure A59 'H-NMR spectrum of CV oil methyl ester.
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Figure A61 "H-NMR spectrum of DO oil methyl ester.
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Figure A63 'H-NMR spectrum of GJ oil methyl ester.
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Figure A65 "H-NMR spectrum of HIS oil methyl ester.
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Figure A67 'H-NMR spectrum of LS oil methyl ester.
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Figure A69 'H-NMR spectrum of MAI oil methyl ester.
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Figure A71 'H-NMR spectrum of ME oil methyl ester.
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Figure A73 "H-NMR spectrum of MH oil methyl ester.
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Figure A75 'H-NMR spectrum of ML oil methyl ester.
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Figure A77 'H-NMR spectrum of MO oil methyl ester.
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Figure A79 'H-NMR spectrum of MYF oil methyl ester.
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Figure A81 'H-NMR spectrum of OC oil methyl ester.
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Figure A83 "H-NMR spectrum of PAF oil methyl ester.
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Figure A85 "H-NMR spectrum of PE oil methyl ester.
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Figure A87 'H-NMR spectrum of PF oil methyl ester.
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Figure A89 'H-NMR spectrum of SEI oil methyl ester.



119

ppm (F1)

]
AULINENINYINT
ARIAIATAUNNIINGIA

4

d

uy

R
g

L
o

[

pm (F1)

Figure A91 "H-NMR spectrum of TC oil methyl ester.
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Table B1 Values of Free Fatty Acids contained in crude oils
Sample Weight of Volume of  Concentration %

P sample (g) titrant (ml) of NaOH (N) FFA

Basella alba 1.0012 0.10 0.23
(BA oil) 0.65

1.0027 0.10 0.23

Brassica chinensis 1.0253 0.25 0.23
BC oil 1.44

(BC oil) 1.0036 0.20 0.23

Benincasa hispida 1.0087 0.25 0.22
BEH oil 1.39

(BEH oil) 1.0028 0.20 0.22

Brassica juncea 1.0006 0.40 0.22
BJ oil 2.79

(BJ oil) 10027 050 0.22

Brassica pekinensis 1.0138 0.35 0.24
. 2.17

(BP oil) 1.0172! 0.30 0.24

Caesalpinia crista 1.0180% % 0.20 0.22
CAC oil 1.07

(CAC oil) 1.0125% 0.15 0.22

Camellia oleifera 1.02087% 0.10 0.24
(CAO oil) 0.66

1:0172 0.10 0.24

Cassia suratlensi 110058 0.10 0.22
CAS oil 0.73

(CAS oil) 10115+ 015 0.22

Crassocephalum crepidioides 1.0240 - 0.10 0.25
(CC oil) - 0.70

1.0111 0.10 0.25

Citrullus lanatus 1.1098 2.35 0.23
(CIL oil) 13.86

1.1137 2.40 0.23

Citrus maxima 1.0173 0.40 0.25
(CIM oil) 2.60

1.0158 0.35 0.25

Citrus reticulata 1.0000 0.10 0.23
CIR oil 0.64

(CIR oil) 1.0397 0.10 0.23

Cucurbita moschata 1.0174 0.99 0.24
CUM il 5.82

(CUM ail) 110189 0.85 0.24

Chukrasia velutina 1.0174 1.75 0.25
CV oil 12.01

(CV oil) 1.0083 1.70 0.25

Dalbergia oliveri Gamble 1.0100 0.20 0.25
DO oil 1.40

(DO oil) 1.0110 0.20 0.25
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Table B1 Values of Free Fatty Acids contained in crude oil (continued)
Sample Weight of Yolume of Concentration %
sample (g) titrant (ml) of NaOH (N) FFA

Gardenia jasminodes 1.0200 0.25 0.23 159
(GI oil) 1.0190 0.25 0.23

Hibiscys sabdariffa Linn. 1.0092 0.25 0.22 1.39
(HIS oil) 1.0012 0.20 0.22

Lagenaria siceraria 1.0168 0.45 0.23 7
(LS oil) 1.0125 0.40 0.23

Macadamia integrifolia 1.0079 0.10 0.24 0.67
(MAI oil) 110052 0.10 0.24

Mimusops elengi 10137 1.25 0.23 785
(ME oil) 1.0110! 1.20 0.23

Millingtonia hortensis PA226% % 0.40 0.23 270
(MH oil) 10194 0.45 0.23

Millettia kangensis Craib 1.0010° 0,20 0.24 135
(ML oil) 10009 0.20 0.24

Moringa oleifera Lamk. 120192 0.50 0.24 317
(MO oil) L0107 -0ty 045 0.24 '

Myristicq fragrans 1.0105 - 2.90 0.23 18.62
(MYF oil) 1.0098 2.90 0.23

Ocimum canum 1.0075 0.85 0.23 547
(OC oil) 1.0071 0.85 0.23 '

Passiﬂo.rafoetida 1.0180 0.25 0.22 138
(PAF oil) 1.0057 0.20 0.22

Phylla.nthus emblica 1.0010 0.30 0.25 510
(PE oil) 1.0100 0.30 0.25

Perillajfrutescens 1.1182 0.20 0.23 117
(PF oil) 111029 0.20 0.23

Sesamum indicum 1.0157 0.20 0.24 134
(SEI oil) 1.0104 0.20 0.24

Termi.nalia chebula 1.0113 4.50 0.24 30.13
(TC oil) 1.0105 4.50 0.24
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Table B2 Saponification value of crude oils
Sample Weight of Yolume of Volume of SN
sample (g) titrant (ml)  blank (ml)

Basellq alba 1.0049 24.30 31.40 179.05*
(BA oil) 1.0032 24.50 31.40

Brassi.ca chinensis 1.0075 24.60 30.90 161.23¢
(BC oil) 1.0092 24.60 30.90

Beninca;a hispida 1.0008 24.40 31.40 18057
(BEH oil) 1.0000 24.40 31.40

Brass.ica juncea 1.0035 2450 30.90 165.29°
(BJ oil) 10027 2445 30.90

Brassfca pekinensis 1.0072 26.80 33.60 166.56°
(BP oil) 10083 26.80 33.60

Caesalp.inia crista 10054+ % 26.60 33.60 173.51°
(CAC oil) 1.0005 26.50 33.60

Camellia oleifera 1.0040 24.50 30.60 168.23¢
(CAO oil) 10058 24.50 30.60

Cassia u.vuratlensi 120101 24.55 31.10 173.09¢
(CAS oil) 10083 - il 2440 31.10

C rassgcephalum crepidioides 1.0013 2630 32.50 163.30°
(CC oil) 1.0009 26.30 32.50

Citrullbfs lanatus 1.0040 2390 31.10 204.59¢
(CIL oil) 1.0065 23.30 31.10

Citrus maxima 1.0045 23.20 30.30 194.37¢
(CIM oil) 1.0037 23.20 30.30

Citrus r.eticulate 1.0197 24.50 31.40 176,742
(CIR oil) 1.0100 24.40 31.40

Cucurbitq moschata 1.0140 24.60 31.40 173.72°
(CUM oil) 10093 24.60 31.40

Chuqusia velutina 1.0023 26.70 33.60 17125
(CV oil) 1.0012 26.60 33.60

Dalbergia oliveri Gamble 1.0102 24.80 31.50 17328
(DO oil) 1.0004 24.70 31.50

*HREEREE XY ywas titrate with 0.46 N HCI
X’ was titrate with 0.44 N HCI
X was titrate with 0.49 N HCI
X was titrate with 0.47 N HCI
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Table B2 Saponification value of crude oils (continued)
Sample Weight of Yolume of Volume of SN
sample (g) titrant (ml)  blank (ml)

Gardenia jasminodes 1.0100 23.40 30.30 187.78°
(GJ oil) 1.0102 23.40 30.30

Hibiscu.s sabdariffa Linn. 1.0192 25.60 32.50 181.33¢
(HIS oil) 1.0022 25.50 32.50

Lager%aria siceraria 1.0090 24.45 31.60 183.74°
(LS oil) 1.0065 24.40 31.60

Macadamia integrifolia 1.0130 23.85 30.30 178.06°
(MAI oil) 1.0094 23165 30.30

Mimus'ops elengi 1.0124 23.60 31.10 195.70¢
(ME oil) 110086 23.60 31.10

Milling.tonia hortensis 110201 % 23.80 30.30 175.88°
(MH oil) 1.0118% | 23.80 30.30

Millettia kangensis Craib 10200 24.55 350 e
(ML oil) 10198 24.50 31.50

Moringa oleifera Lamk. 1.00194 / 24.60 31.60 180.14%
(MO oil) L0037 ils 24.60 31.60

Myristicq fragrans L0060 1) 23.40 31.40 209,54
(MYF oil) 1.0074 2340 31.40

0cimu'm canum 1.0046 24.40 31.40 181.93¢
(OC oil) 1.0100 24.50 31.40

Passiflora foetida 1.0309 24.35 3140 159 66t
(PAF oil) 1.0311 24.40 31.40

Phyllqnthus emblica 1.0047 23.80 30.90 186.00°
(PE oil) 1.0083 23.80 30.90

Perilqurutescens 1:0200 24.50 31210 172.40°
(PF oil) 1.0088 24.50 3140

Sesamum indicum 1.0002 23.75 30.30 179.26°
(SEI oil) 1.0010 23.80 30.30

Termir.lalia chebula 1.0103 23.60 30.85 185.31°
(TC oil) 1.0090 23.60 30.85

*HREEREE XY ywas titrate with 0.46 N HCI
X’ was titrate with 0.44 N HCI
X was titrate with 0.49 N HCI
X was titrate with 0.47 N HCI
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Table B3 Iodine value of crude oils
Sample Weight of Volume of Volume of v
amp sample (g) titrant (ml) blank (ml)
Basella alba 0.1015 43.20 49.60 76.78°
(BA oil) 0.1008 43.05 49.60
Brassica chinensis 0.1027 43.30 48.20 b
) 56.29
(BCoil) 0.1073 43.30 48.20
Benincasa hispida 0.1092 37.95 49.60 a
) 128.96
(BEH oil) 0.1114 37.90 49.60
Brass.icajuncea 0.1682 30.25 43.60 102.06°
(BJ oil) 01626 30735 43.60
Brassica pekinensis 0.1506 32.40 43.60 96.36°
(BP oil) 014588 32.30 43.60
Caesalpinia crista @r21074 8 36.80 47.50 d
1 125.03
(CAC oil) 01020 36.85 47.50
Camellia oleifera 0.1007:% 40.70 50.65 e
1 115.68
(CAO oil) 0;1105 40.80 50.65
Cassia suratlensi 0:1047 41.70 49.70 95 46¢
(CAS oil) 0067 - il 4180 49.70
Crassocephalum crepidioides 0.1126 4220 50.50 94.00¢
(CCoil) 0.1063 4210 50.50
Citrullus lanatus 0.1051 38.20 50.15 a
) 138.42
(CIL oil) 0.1048 3825 50.15
Citrus maxima 0.1187 39.50 48.80 97 71¢
(CIM oil) 0.1169 39.40 48.80
Citrus reticulata 0.1076 40.85 49.05 95 43°
(CIR oil) 0.1013 40.90 49.05
Cucurbita moschata 0.1064 40.80 49.60 99 60°
(CUM oiD) 01089 40.80 49.60
Chukrasia velutina 0.1074 38.40 48.20 b
) 110.11
(CV oil) 0.1072 38.40 48.20
Dalbergia oliveri Gamble 0.1445 36.00 43.10 60.44¢
(DO oil) 0.1437 36.05 43.10

wdkr X yas titrate with 0.096 N Na,S»0;
X’ was titrate with 0.095 N Na,S,0;
X¢ was titrate with 0.100 N Na»S-0;
X was titrate with 0.098 N Na,S,0;
X¢ was titrate with 0.097 N Na»S-0;
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Table B3 Iodine value of crude oils (continued)
Sample Weight of Yolume of Volume of v
sample (g) titrant (ml)  blank (ml)

Gardenia jasminodes 0.1819 31.00 47.50 112.53¢
(GJ oil) 0.1839 30.90 47.50

Hibiscus sabdariffa Linn. 0.1080 40.20 47.50 31.83¢
(HIS oil) 0.1125 40.30 47.50

Lagenaria siceraria 0.1017 40.20 50.50 119 20¢
(LS oil) 0.1104 40.30 50.50

Macadamia integrifolia 0.1066 44.20 50.15 67.49°
(MAI oil) 01073 4495 50.15

Mimusops elengi 0.1050 43.20 49.05 67.81%
(ME oil) 01052 43.20 49.05

Millingtonia hortensis 0.2002% % 44.20 48.80 54 16°
(MH oil) 0.1081°7 4425 48.80

Millettia kangensis Craib 0.144179 33.80 43.10 28.40°
(ML oil) 0;1472 33.85 43.10

Moringa oleifera Lamk. 0:1006 43.80 49.05 61.58°
(MO oil) 021053 <l 43190 49.05

Myristica fragrans 0.1472 = .55.00 60.40 45.13°
(MYF oil) 0.1539 55.10 60.40

Ocimum canum 0.1087 39.60 49.60 113 30"
(OC oil) 0.1053 39.70 49.60

Passiflora foetida 0.1211 36.40 49.05 126.16°
(PAF oil) 0.1242 36.30 49.05

Phylla.nthus emblica 0.1481 41.40 60.40 164.38°
(PE oil) 0.1449 41.45 60.40

Perilqurutescens 0.1036 40.45 50.5 118.04°
(PF oil) 011055 40.50 50.5

Sesamum indicum 0.1047 42.40 50.65 94 09
(SEI oil) 0.1077 42.50 50.65

Terminalia chebula 0.1123 41.50 49.70 91.65°
(TC oil) 0.1134 41.60 49.70

wkkr X yas titrate with 0.096 N Na,S»0;
X’ was titrate with 0.095 N Na,S,0;
X¢ was titrate with 0.100 N Na»S-0;
X was titrate with 0.098 N Na,S,0;
X¢ was titrate with 0.097 N Na»S-0;
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Sample Weight of Volume of Volume of AV
sample (g) titrant (ml) blank (ml)
Basella alba 2.0182 0.175 0.10
(BA oil) 0.1878
2.0144 0.175 0.10
Brassica chinensi 2.0176 0.200 0.10
(BCoil) st 0.2502
2.0185 0.200 0.10
Benincasa hispida 2.0104 0.150 0.10
(BEH oil) 0.1255
2.0128 0:150 0.10
Brassica juncea 2.0105 0.225 0.10
(B oil J 0.3140
2.0097 0225 0.10
Brassica pekinensis 20084 0.225 0.10
. 0.3144
(BP oil) 2J0058" 0.225 0.10
Caesalpinia crista 2.0052" 0.175 0.10
(CAC oil) | 01889
2.0036' 4 0.175 0.10
Camellia oleifera 2 G157 0:175 0.10
(CAO oil) T T 0.1881
TS 0.175 0.10
Cassia suratlensi 2.0076 . 0225 0.10
(CAS oil) ' T A 0.3143
2.0085 ~0.225 0.10
Crassocephalum crepidioides =2:0004 ~=(0.150 0.10
(CC oil) 0.1262
2.0013 0.150 0.10
Citrullus lanatus 2.0075 0.225 0.10
(CIL oil) 0.3143
2.0093 0.225 0.10
(Céillf\b/isolﬁ;lxlma 2.0005 0.200 0.10 0.2504
20013 0.200 0.10
(C'éiﬁts()qe)ticulata 20164 0175 0.10 0.1877
! 2.0188 0.175 0.10
Cucurbita moschata 2.0103 0.150 0.10
(CUM oil) 0.1256
2.0095 0.150 0.10
Chukrasia velutina 2.0076 0.175 0.10
(CV oil) 0.1888
2.0051 0.175 0.10
Dalbergia oliveri Gamble 2.0057 0.150 0.10
(DO oil) 0.1260
2.0043 0.150 0.10

w#rxxEE Al of oils were titrated with 0.09 N alcoholic KOH
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Table B4 Acid value of biodiesels (continued)

Sample somple @) citrant enl) _ blank @n) A"
Gardenia jasminodes 2.0105 0.275 0.10 0.4396
(GJ oil) 2.0097 0.275 0.10
Hibiscus sabdariffa Linn. 2.0014 0.175 0.10 0.1888
(HIS oil) 20098 0.175 0.10
Lagenaria siceraria 2.0187 0.200 0.10 0.2503
(LS oil) 20153 0.200 0.10
Macadamia integrifolia 2.0014 0:175 0.10 0.1890
(MAI oil) 20053 0.175 0.10
Mimusops elengi 20147 Q. 198 0.10 0.1879
(ME oil) 20169 0175 0.10
Millingtonia hortensis RA013% 0.275 0.10 04390
(MH oil) 201207 _ 0.275 0.10
Millettia kangensis Craib 2.0136 :'_ J 0.150 0.10 0.1252
(ML oil) 20197 0.150 0.10
Moringa oleifera Lamk. 201544 4 0.225 0.10 03132
(MO oil) 20148 il "0.225 0.10
Myristica fragrans T 0.150 0.10 0.1254
(MYF oil) 2.0138 0.150 0.10
Ocimum canum 2.0182 0.175 0.10 0.1877
(OC oil) 2.0175 0.175 0.10
Passij’lqrafoetida 2.0064 0.175 0.10 0.1886
(PAF oil) 2.0098 0.175 0.10
Phyllanthus emblica 2.0071 0.275 0.10 04404
(PE oil) 2.0056 0.275 0.10
Perillajfrutescens 20049 0275 040 0.4383
(PF oil) 20172 0.275 0.10
Sesamym indicum 2.0006 0.150 0.10 0.1262
(SEI oil) 2.0015 0.150 0.10
Termi.nalia chebula 2.0137 0.150 0.10 0.1253
(TC oil) 2.0152 0.150 0.10

wrxEEE ALl of 0ils were titrated with 0.09 N alcoholic KOH
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Sample Timel(s) Time2(s) oproan® Vi(icsosiy
%Sgléci‘lg’lba 311.40 31152 0.01434° 45
Brassi.ca chinensis 345.63 34512 0.01434? 5.0
(BC oil)
g;g’ﬁcé’lﬁ’ hispida 271.40 2715 0.01434° 3.9
fé’;‘ﬁ’ﬁ“f””““ 385.52 385.87 0.01434° 5.5
fé’;sﬁf)“ pekinensis 46319 363.34 0.01434° 52
(Célzsé"gi"l’;m crista 46425 464.39 0.00757" 3.5
fg"gg’f)"igleifem 501,09 550083 " 0.00757" 3.8
Cassia suratlensi 309.85 309.01 0.01434° 4.4
(CAS oil)

Ccrre ‘;zgfsf;‘?gé oil) 351.78 351.65 0.01434" 5.0
fgﬁj’g{)l"”“m 241.07 241.35 0.01434° 35
(Cémso’%’x"m“ 538.61 539.01 0.00757° 4.1
(Céig‘i) irle)ﬁcul"m 254.19 253.72 0.01434" 3.6
(C&Cﬂ béti‘l’)moscmm 39135 311.49 0.01434" 4.5
(Cé’\b;k(’)’ﬁj"“ velutina 520.62 520.03 0.00757" 3.9
Dalbergia oliveri Gamble 332.97 332.49 0.01434? 4.8

(DO oil)

stk X4 = constant values of no.100 of viscometer tube
X’ = constant values of no.75 of viscometer tube



Table BS Viscosity of biodiesels (continued)
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. . Constants of Viscosiy

Sample Time 1 (s) Time 2 (s) tube (cSt)
Gardenia jasminodes 637.80 637.84 0.00757" 4.8
(GJ oil)
Hibiscus sabdariffa Linn. b
(HIS oil) 585.69 585.21 0.00757 4.4
Lagenaria siceraria 246.28 94633 0.01434 35
(LS oil)
Macadamia integrifolia b
(MAI oil) 567.03 567.30 0.00757 43
Mimusops elengi 50422 594.10 0.00757" 45
(ME oil) j . ) ’
Millingtonia hortensis b
(MH oil) 695.70 _ 696.00 0.00757 53
Millettia kangensis Craib b
(ML oil) 613.78 614.38 0.00757 4.6
Moringa oleifera Lamk. a
(MO oil) 326:60 326.72 0.01434 4.7
Mpyristica fragrans ' b
(MYF oil) 516.31 516.11 0.00757 3.9
Ocimum canum b
(OC oil) 470.30 470.40 0.00757 3.6
Passiflora foetida a
(PAF oil) 269.20 269.36 0.01434 3.9
Phyllanthus embigga 107.31 107.59 0.03370° 3.6
(PE oil)
Perilla fnyrcytgns 223.29 22378 0.01434* 3.2
(PF oil)
Sesamum indicum 282.65 282.75 0.01434* 4.1
(SEI oil)
Terminalia chebula 615.85 615.41 0.00757" 47

(TC oil)

sk X4 = constant values of no.100 of viscometer tube
X’ = constant values of no.75 of viscometer tube
X = constant values of no.150 of viscometer tube
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Table B6 Methyl ester content of biodiesels

Codes C17:0 (mg) QOil (mg) Area FAME Area Ins. % Ester
BA 506.40 249.10 5764541 989697 94.685
BC 496.70 273.00 10138059 1635761 94.569
BEH 500.00 260.70 4159247 692943 95.320
BJ 508.70 259.60 10526597 1805904 94.627
BP 497.20 970.50, 10901830 1766035 95.085
CAC 500.00 263.00 2063049 334976 94.681
CAO 508.70 246,60 4727804 806476 96.831
CAS 510.30 248.16\ | 9702915 1777118 91.711
cC 500.00 038.30°% 4 7912616 1299445 95.104
CIL 506.40 256,10 ., 15924658 984132 95.831
CIM 506.40 251008 “ 6283295 1068541 95.015
CIR 500.00 25170 4, 3724604 637852 95.512
CUM 500.00 249,10, 3260626 572709 93.598
cv 508.70 . 248.00 '{‘-.,7;4}‘)28475 855149 94.323
DO 500.00 35800 8728303 1474875 95310
GJ 507.09 .~ = 25630 6607816 _ 1108674 94.739
HIS 51030 24410 058070 “4~) 172427 92.061
LS 507409 249.70 3047926 ' 513510 96.760
MAI 506.40 25230 5578028 | . 937079 95.964
ME 508.70 259.70 9884033 1670098 96.338
MH 507.09 250.00 5905516 1053558 93.765
ML 510.30 248.70 1685526 296231 92.900
MO 506.30 258.10 7469680 1275037 96.560
MYE 507.90 248.30 38371134 680709 94.237
0C 500.00 251.20 4292199 729312 96.611
PAF 500.00 259.50 3822714 637606 95.155
PE 508.70 247.60 9849262 1740073 92.432
PF 500.00 258.80 5349435 912453 93.947
SEI 507.09 247.80 6756188 1145904 96.721

TC 508.70 255.50 9819444 1713337 94.198
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A. Calculated % Methyl ester content from GC
9% Methyl ester content from GC of BC oil methyl ester was calculated as
follow:
7 . o 1
I I
160 d 2%E g
1 oade 3
E e ,E
& ar
100 & =
[ —
5 : | dle
= s =] 2|8 oq E8
509 2 | #legs w2
O H o i e
b glla 55 28
£2 %8
ol il |k
W
-18 T T | T |
10 20 20 40 a0
Minutes
Peak Peak Name Result () Ret Time  Peak Area  Rel Sep. Width Status  Group
No Timie ~  Offset (counts) Ret Code 1.2 Codes
(min)  (min) Time (sec)
1 Cla0 13427 B 55 379 001z 136078 0o EE 43 i}
T 7D 163208 37727 oo1z" (1635751 ) 000 BB 59 0
3 ClED Ded48 30731 00l4 g 000 EP 49 0
4 ClElnde 121454 -0 40356 - 0066 o 133133 000 PV 53 i
5 utk 04917 40.351 -0 Eog 40547 0.0o0 VB 39 i}
4] Cl22n6t 54117 30201 -0:021 232935 0.0o0 EF 43 i}
7 C183a3 $874g 7 43502 0030 59580 000 VE 46 0
g a0 05154 43814 D000 53355 000 BV 47 0
5 CAnd 47861 AZAz | N026 435221 000 WY 4% i
10 utk 102027 -44.356 -0.000 104340 0.00 VB 43 i}
11 C20:2 02578 45.1%6 -001% 26131 o EE 49 i}
12 220 R 7. s B Tdle P08 BV 111 0
13 C22:ind 455543 49331 0360 4618376 QL0 VP 153 0
14 o2 0534 06 00z 53070 000 FE 85 i
15 utk 01514 52056 oo 15348 .00 WV 91 i}
16 unlk 01454 53032 -0.000 14740 0.0o VB 08 i}
17 240 01970 53616 -D.06L 19974 000 EE 121 0
13 C24ind L2307 367030 0008 o Tt576 on, 008, EE 133 0
Totals 99 599§ D.641( 10138059
A =AI) (CixVi)
= - 100
Ai

Methyl ester content
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Total area of fatty acid methyl esters

Area of methyl heptadecanoate

Concentration of methyl heptadecanoate solution
Volume of methyl heptadecanoate solution

Mass of the sample

(10138059 - 16357619 = (9.934 x 5)

1635761 273.00 100

94.87%

B. % precision from GC

Methyl sterate (250 mg) was dissolved in heptadecanoic solution (5 ml) (500

mg heptadecanoate dissolved in heptane (50:ml)) and 1 ul of solution was injected in

to GC using 1:100 split ratios. Fhe GC condition for the determination of methyl ester

was set as 3.2.2.4. Methyl heptadecanoate was used as an internal standard. The

methyl ester content of biodiesel was calculated by the follewing equation:

200 —

150

100 —

miolts

S0

eid) 136

Ifs C17:0 (37,00

o= Ju
-23 T T T T
10 20 30 40 50
Minutes
Pealk Pealk Mame Result () Ret Time Peak Area Rel Sep. Widith  Status  Group
Mo Time Offset (counts) Ret Code 1:2 Codes
(min) (min) Time (sec)
1 Ins 170 a4l 37.903 -0.035 202380 000 BB 4.4 i}
2 C1840 233587 40134 0061 1464574 .00 EE 1] 0
Totals 1000000 0026 1756954
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(ZA —Ai) y (CixVi)

Al - 100

C of Methyl Stearate

(1756954-292380) x  (10.0346x5) x 100
292380 254.45

= 98.77 %

% precision = 98.77 x plrily®f C18 (99.5%)

C. Calculated % f LrasestOrificd jon from 'H-NMR spectrum

\!

The % methyl este as calculated in following:

% Methyl este

e [-':["'L'-:"T-" T =

i3) / (3en2)] x 100

Lo "

Ve Y
a""‘r}. the methyl esters (the

y
Icns ﬁ :
strong singlet), appear at 6 3.7 Spm

@ﬁﬁﬂﬂﬁ{wmms appear at &
RIAINTUNNIINYAY
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Sample: BC oil methyl ester

% Methyl ester 0f BC oil 2x3)/ (3x2.11)] x 100

5

i ‘.
AUEINENINYINS
RN TUUMING AT
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D. Determine the % free fatty acid (ASTM D5555)

Reagent
1. Ethanol
2. Phenolphthalein
3. '

To the 250 ml of Eslenmeye S ﬁ(l g), ethanol (75 ml) and 2ml
of 1% phenolphthalein we The mid ,- - subject to titrate with 0.25 N

sodium hydroxide s ‘ | ' - occurred. The ml of alkali

ated as follows:

% free fatty aci Al ofal X N X 28.2) / weight of sample

aline solution

ide solution

Example:

ﬂua,!Aofnw%’wzmg

o 1.0253

AR AINTOI AN Y
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E. Determination of the Saponification value (ASTM D5558)

Reagent

1. Phenolphthalein
2. Alcoholic KOH solution

3. 0.5 N HCL V”{/’

as =

To the 250 ml of-Erlenmeye
hydroxide (25 ml) and

ple (1 g), alcoholic potassium
v ere added. The mixture was
subject to titrate with 0. p1nk color has disappeared.
Prepare a blank deter \ the sample. The ml of acid

solution used was reco

The saponification ¥alde wvas calcula
: 4
A /o
-HL:'F'
saponification value =—56.1 x Mx (A — B) / weight of sample

_LCTRIIN

------- Fsampte—~ ]

1wydrochloric acid solution

Alcoholic EOH = 40 gof }&Jtassium hydfoxide

ﬂUEﬂ‘mﬂ‘ﬂﬁ‘WE‘ﬁ‘ﬂﬁ
Examﬁ RAINTUNRIINYIA Y

SN of BC oil = 56.1 x 0.46 x (30.90-24.60)
1.0075

161.37 mg KOH/g of oil
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F. Determination of the lodine value (ASTM D5554)

Reagent
1. KOH solution
2. Wijs solution
3. CCly
4. 0.1 N
5.

To the 500 ml
(20 ml) and Wijs sol

I u“\\.\b-\k (0.1 g), carbon tetra chloride
ve added: Store.the*flasks in a dark place for 30
AN

min. From storage, re ad I solution followed by 100

S ar
—
e

ml of distilled water. i ',_. '-\ o titrate with 0.1 N of sodium

thiosulfate until the yello #his aling t'disappeared, add 2 ml of starch indicator

F |

The iodine valug wa m
s

ANy IR

SV RN pLoviL mieb WL

IV of BC oil

(48.20-43.30) x 0.095 x 12.69
0.1027

57.52mg I, /g of oil
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G. Determination of the acid value (ASTM D974)

Reagent

1. p-naphtholbenzein indicator solution

2. 0.1 M Alcoholic KOH solution

1 toluene + 250 ml isopropyl alcohol)

3. Titration solv /
To the 250 ml of Eslenmeye ﬁ@ ), titration solvent (25 ml)
i on were added. The mixture
was subject to titrate W pf/al f il the green color was occured.

Prepare a blank deter “the sample. The ml of acid

solution used was recoude

m( . ol@KOH solution
Alcoholic = 0.6gof potassmm hydroxide

AU 539 grm e
Exam;ﬂW’l’sNﬂ‘ifu UMINYIAY

[(0.20-0.10) x 0.09 x 56.1]
2.0176

Acid value of BC oil methyl ester

0.250 mg KOH/g of oil
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H. 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 adj of the test sample to a position in the

capillary arm of the instrun the first timing mark. With the

sec dsW‘O.I s, the time required for the

meniscus to pass from Second '-.;_,':\ k. The time of sample used

sample flowing freely,
was recorded.

The viscosity

cometer tube (mmz/sz)

imes for ¢/ and 12,

¥

} §
AULINENINYINT
SV N1t i) (a0

Example:
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