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CHAPTER |

INTRODUCTION

1.1 Background

Biodiesel is a viable source of energy alternative to petroleum-based diesel fuel in
the foreseeable future. As an alternative fuel, biodiesel can be used in neat form or
mixed with petroleum-based diesel. Biodiesel; as an alternative fuel, has many merits. It

is derived from a renewable, domestic resource; thereby relieving reliance on petroleum
-

fuel imports. It is biodegradable and nan-toxic. Cempared to petroleum-based diesel,
biodiesel has a more favetrablée combustion emission profile, such as low emissions of

]
carbon monoxide, pagiiculaie matter aﬁd unburned hydrocarbons. Carbon dioxide

')

produced by combustion of biodiésgl cign be recycled by photosynthesis, thereby

minimizing the impact of biodiesel Cbmbust';ioﬁ; on the greenhouse effect. Biodiesel has a

il

relatively high flash point (150 OC), which r_ﬁéke's it less volatile and safer to transport or

v a4
handle than petroleum diesel. It provides Iu'tﬂ_ﬂjbating properties that can reduce engine
wear and extend engine life. In brief-these merits of biodiesel make it a good alternative

o

to petroleum basedfuel and have led fo its use in many countries, especially in

environmentally sens-_it_ﬁ/e areas. t

Thailand develop’-r_nent strategy on alternative enefgy from 2008 to 2022 is to
achieve 20.4% proportionof.alternative energysuse in 2022 with 4.50 ml/ day, increasing
from the existing 1.4 ml/{day in year 2008, .for biodiesel equals to 1,416 ktoe against
13,684 ktoe total renewable energy demand, 112,046 ktoe total energy demand (Table
1.1). Ingthe plan, biodiesel will be produced;from oil palm, Jatropha, used vegetable oil
and DME. However, most of the oil for biodiesel production will be from palm oil. The
current status of palm oil plantation in Thailand (as of 2008) produces 9.264 million tons

palm oil from the total producible 2.87 million rai out of the total plantation area of 3.63

million rai.



Table 1.1 Development strategy on alternative energy from 2008 to 2022

Alternative Energy Target of 20.4% in 2022
[ Energy Type Potential | Existing Year 2008-2011 Year 2012-2016 Year 2017-2022
|Electricity MW MW MW ktoe MW kioe MW ktoe
Solar Energy 50,000 3z 55 6 95 11 500 55
Wind Energy 1,600 1 150 17 400 as 700 78
Hydropower 700 50 165 43 281 73 324 85
Biomass 4,400 1,597 2,800 1,463 3,235 1,682 3,700 1,933
Biogas 130 29 60 27 20 a0 120 54
MSW 320 5 100 &0 130 87 160 95
Hydrogen 4 0 0 [} 3.5 1
Total 1,714 3, 1.616| 4,231 1,938 5,508 2,303
Thermal (Heat) Energy ktoe ktoe “ \_ ‘oj | ktoe ktoe
Solar Energy 154 z3 5 17 34
Biomass 7.400 2,344 CRET 4,915 5,725
Biogas 600 73 70 540 &00
MSW 78 gl 4 16/ 25 35
Total e -l ﬁ-ﬂ_h—r 5,497 7,394
Biofuels ml/day mil/ days ml/day | ktoe mlfday ktoe ml/day ktoe
Ethanal 3.30 1.08 3.00 815 6.20 1,685 9.00 2,447
Biodiesel 3.30 1.5 3.00 944 3.54 1,145 4.50 1,416
Hydrogen ~ 0,00 0 0.00 0| 0.1 mkg 124
Total : £.00 E 1,750 2.84 2,831 13.50 3,987
Total Energy Demand (ktoe) T 72,539 88,389 112,046
Total Renewable Energy Demand ,‘.l a "q,?.-"ﬂl "ié 10,266 13,684]
Proportion of Renewable Energy Use ] 4 10.2% 11.6% 12.2%
NGV (mmscfd) sl ok W e 7.250 1,035 9,135
Total Alternative Energy Demand (ktoe) ‘j — el 10,456 17,556 22,819
Proportion of Alternative Energy Use 'l., Ad9% 19.9% 20.4%%
4
dd
4.-‘! J;
'
akd v ol

Biodiesel is usually produced'-by the tran@éﬁffication of vegetable oil or animal fat

the presence of homogeﬁéeus—base—er—ae}d—ea%akys%s.—NkaHiprocess can achieve high

purity and yield of biodies&l product in a short time but it is véry sensitive to the purity of

with short chain alcohol (Zullaikah et al:: 2005)'.:;#fﬁé‘reaction i_s commonly carried out in

reactants, the starting mate}ial (oil or fat) must be dried (mois‘ture level < 0.06%) and free
of fatty acid (FFA) 4z 0.5%). The presence lof ‘minon amaunt of FFA and moisture in the
reaction mixture produces soap, which lower the yield of ester and renders the separation
of ester and, glyceral £y water washing difficult. FFAalsd] constimed) the! catalyst and
reduced catalyst efficiency (Zullaikah et al., 2005). The alternative is the acid catalyzed
process, in which acid catalyst such as H,SO, and HCI is used. Acid catalyzed process
does have advantages such as reduced purification costs as no soap is produced and is
therefore suitable for biodiesel production from oil with high FFA, however the reaction is
much slower than the alkali process (Mohamad et al., 2002, Zheng et al., 2006). A two-
step transesterification process in which acid catalyzed process is followed by alkali

catalyzed process, has been developed to improve the yield of biodiesel for used oil with
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high FFA content (Wang et al., 2007). Although shorter reaction time is needed, no
recovery of catalyst and high cost of reaction equipment were still the main
disadvantages of this process. In the homogeneous transesterification with liquid
catalysts, recovery of the catalyst was not possible. Heterogeneous catalyst can therefore
be used, nevertheless, there still appear to be some problems with this technique and
finding a suitable catalyst that is active, selective, and stable under the process

conditions is the major challenge (Kiss et al., 2006).

Alternatively, tranesterification using enzymescatalyst such as lipase can also
convert oils and fats into methy! esters (Fukuda et al., 2001). The important barrier for
using enzyme catalyst is that the price of enzyme is much higher than price of acid or

base catalyst result in higher predugtion costiof biodiesel.

However, the alkali catalyzed prdcesé with low FFA which is the widely used

process for biodiesel production will'be éeleqteq for the study to evaluate the potential
4

improving in reaction time, réaction température by using various suitable cosolvents.

Boocock et al. (Boocock et al,..,;1996)'-f-ﬁa\_/e developed a novel technique for
accelerating the transesterificatiéhr }eaction;é%%. During its early stages, the
transesterification reaction is limited- by the I:éw.“"s'o’lubility Qf the alcohol, especially
methanol, in the oil. BOOCéCk‘(’B’UOCUCk‘G’[‘ﬁTT@@&"DFODOSESitH’e addition of a cosolvent
to create a single phasé and this greatly accelerates the fe‘action so that it reaches
substantial completion in é’ few minutes. The technique is abplicable for use with other
alcohols and for acid-catalyzed| pretreatment of high'fdree fatty acid feed stocks. The
primary concerns with this method are the additional complexity of recovering and
recycling the cosolveni,although“this-can*be ‘simplified by choosing-a cosolvent with a
boiling pointthear that of the alcohol being used. Additional concerns have been raised
about the hazard level associated with the cosolvents most commonly proposed,

tetrahydrofuran and methyl tertiary butyl ether.



1.2 Objective of the Research

To investigate the appropriate conditions and type of cosolvent required for the
production of biodiesel from palm stearin via alkali catalyzed transesterification, with

cosolvent, process in a laboratory scale batch reactor by:

1. Studying the effect of various cosolvents to reaction time at various reaction

conditions.

2. Proposing a suitable

biodiesel productio

1. Determine the eff and reaction time for alkali

catalyzed proces

2. Determine the ab

time.
3. The study will be don i ospheric | for the reaction conditions.

4. Detailed Scope

a. Transegfgrification” o r 7> anol and KOH in the

Iaborato cale.

bﬁﬂ}fﬁﬁﬂ.ﬁmsﬁi -
m@ SRR 1)) A

biodiesel.

d. Determine the effect of stirring speed (200 -550 rpm) on the conversion

for transesterification of palm stearin to biodiesel.



1.4 Benefit of the Research

Improvement to achieve and economy of biodiesel production process via the
appropriate cosolvent in alkali catalyzed process with the optimum reaction condition

which shall result in:-
1. High yield

2. Fastreaction

3. Less energy as the reacti ond tions e kept at atmospheric pressure

and low temperature.v

1.5 Research Methodol

1. Study the previ \\ evant to biodiesel production via

transesterificati

3. Analyze chemical ie -.-.a*"i';:h&
V 2
4. Carry out the experiments

5. Analyze percenta g/gas chromatograph.

-
]

U

AULINENINYINS
RINNTNUNINYAY

6. Conclude thee '- 3

.I
]
L}



CHAPTER I

THEORY AND LITERETURE REVIEW

2.1Biodiesel as Alternative Engine Fuel

Biodiesel is defined as fatty acid methyl or ethyl esters from vegetable oil or animal
fats when they are used as fuel in diesel engine and heating system. In this context,

Biodiesel shows the following general advantages (Vicente et al., 2004)
1. Itis biodegradable and non- toxic, assuring'safe handing and transport.

2. It does not contain sulfur-or-aromati€ compounds and thus it contributes to the

reductions of the diesel engineg'exhaust emission level.

3. It comes from renewable seurce suchllas vegetable oil.
4. It can be produced domestically,: recching a country’s dependency on foreign

fuel. . J

2.2 Chemical Foundation of Biodiesel Making
Chemically, biodiesel is a mixtute-of fatty alkyl esters, or esters formed by fatty acids

and an alcohol. Alkyl esters are commonly maqé;--ffpm vegetable oil through a chemical

reaction called transestetification. Although this process haég had long use in making

detergents, the resulting—compound was first used as-a diesel fuel by Austrian

researchers around 1980.

Biodiesel is fuel made from fat. Itjcan/be produced from vegetable oil or animal fat.
Either virgin vegetable oil or waste vegetable oil (WVQ).can be used toysmake quality fuel.
Fats are converted to.biodiesel through .a lchemical seaction linvolving alcohol and a

catalyst.
2.2.1  Chemical Building Block (Turner T. L., 2005)

It is instructive to think of the chemistry of biodiesel in terms of the building blocks

that comprise the larger molecules involved in the biodiesel-making reactions.
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Fatty acids are a component of both vegetable oil and biodiesel. In chemical

terms, they are carboxylic acids of the form

wolecule are known as free fatty

acids. When reacted wi aCid gen atom to form soap.
= A ) o

Fig. 2.2 Molecular strug

Chemica”y, soap. is the sailt or a ratty acia. :,,,
The structures oﬁtty acia own' | section@e highly idealized. Real fatty

acids vary in the number ©f,earbon atoms, and'in the number of double bonds. Glycerol,

a componem@’ue&l;@m&] L3I BEded proaucton, nas e

TARANTA NN INYIAE

Fig. 2.3 Molecular structure of glycerol
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Alcohols are organic compounds of the form R-OH, where R is a hydrocarbon.
Typical alcohols used in biodiesel-making are methanol, ethanol, 1-propanol, and 1-

butanol:.

H,C—OH H H
Co .C.__OH _C.__.C
H,C~ "OH HC ™ C H,C™ "C” TOH

w ethanol, 1-propanol, and 1-

I

Fig. 2.4 Molecular structu

butanol.
Of these, methaM -E ke biodiesel. Since ethanol is
easily obtained from pl ileh -.. only produced from natural

gas, using ethanol mak noI is harder to use because

it forms emulsions easily,

products more difficult. This is
especially true if the oil sou \

Transesterification is me ,:_éa_l. o holysis, or if by a specific alcohol, by

corresponding names such __.-Ef_;?__ ano ':-‘.*._::f.?‘ etha olysis.

- - —

Chemically, biod

&?f YERTETHEarg o

ammmmummmg‘i‘a

H

2 2 2

C\ C\ C C\ C\ C\ C._C. Co
2

2 2 2 2 2 2 2

3

Fig. 2.5 Biodiesel molecules. Above is a methyl ester; below, an ethyl

ester.



An ester is a compound of the form:

O

)KO,Rz

R1

Fig. 2.6 Form of the ester compound.

The biodiesel ester contair hain on one side, and a hydrocarbon

called an alkane on the othe y acid alkyl ester. Usually, the form

of the alkane is specified,

Vegetable oil is a mi

acids. A triglyceride i

22
H,C™ °C 0
H \
H, H, /CH2
c._.Cc.__.Cc__.cC
3 5% C\H
22 /CH2
H,c” “‘ﬁ S

Fig. 2.7 ﬁeﬁﬁﬁﬁfﬁﬁe%éw EI q ﬂ ‘j
e TR I e T

Petroleum diesel and biodiesel are both mixtures of organic compounds. The
idealized petroleum molecule is cetane, a pure paraffin. Compared to cetane, alkyl

esters are somewhat longer, and more importantly, contain two oxygen atoms.
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Fig. 2.8 Cetane molecule, above, versus ethyl ester, below

Since combustion is_an. oxidationdreaction, the heating value of cetane, which
contains no oxygen atoms, is~higher. than that of bDiodiesel. For this reason, diesel

engines running biodiesel experience a Idlss of power on the order of 5%.
222 Palm Ol .

Palm oil can be derived from__ two paﬁé?gf }he fruit of the oil palm, from the pulp and
kernel. Palm kernel oil contain higr]_éonten'tfg%_f_‘s-aturated fatty acids (85 — 90%) which is
not suitable for the use as food -‘dUejto healt@é’ﬁbblem concerns and normally it will be
used as a feedstock for producing soaps, \/,\—/;c\sbmg powders, personal care products,
and biofuel. Crude DMWMéIGd fatty acids (palmitic and
stearic acid) 50%, uﬁé'éturated fatty acid (oleic acid) 40%,’-7'\’/_iltamin A and E. Crude palm
oil is typically in a mixed liquid and solid at room temperature. Using of crude palm oil
for biodiesel production ¢anyredlce fractionationcost. However, fractionation of crude
palm oil yields palm olein, which is typically used as cooking oil, and palm stearin which
is normallysused, asya feedstocksproducing rseap,~magarine, setc\When consider their
properties, palm kernel oil and palm stearin’is suitable tobe used as a feedstock for
biodiesel as they are not suitable for food like other oils and can alleviate over supply
problem.

Table 2.1 and 2.2 show properties of free fatty acids and lodine value and fatty

acid composition of typical palm oil.
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Table 2.1 Properties of free fatty acids (Knothe, 1996)

Heat of
Molecular Melting point  Boiling point
Fatty acid combustion
Weight () (°c)
(kg-cal/mol)
Caprylic acid (C8:0) 1442 18.5 240 -
Capric acid (C10:0) 1723 e 271 14531
Lauric acid (C12:0) 200.3 44.8 130 17633
Myristic acid (C14:0) 2284 g4 .4 149 20739
Palmitic acid (C16:0) 2664 ST ) 167 23847
Stearic acid (C18:0) pas L4 e . 4 TOE 184 26961
Oleic acid (C18:1) 2028 153 286 2657 4
Linoleic acid (C18:2) e 'J. -5.0 229 -
Linclenic acid (C18:3) 240 & B A0 231 -
Erucic acid (C22:1) 38d ., T B 265 -

Table 2.2 lodine value and fatty ab:id"compdisfjtiéﬁ of typical palm oil (Phisamai, 2001)
i ?. {_

o
i loding e F,a‘l'l'{rﬁmd Composition (3owt)
value 12:0_— =340 Tﬂiﬂ 18:0 181 182 183
Crude palm oil | 14.2:21 ND-05 | 052 | 393475 | 356 36-44 g-12 | ND-05
Palm olein :=-Eéi} UUS U5 TE [ 38usEbmEY | 39846 | 10-135 | ND-06
Palm stearin -4z = 0405 | 1020 | 287 |z | 15538 | 3010 05
Palm kemel ail | 5085 | 45-55 | 14-13 6.5-10 14 | 1219 | 1035 | ND-02

2.3 The Production of Biodiesel

The most common way to produce.biodiesel is by transesterification, which refers
to a catalyzed chemical reaction involving vegetable oil and an alcohol to yield fatty acid
alkyl esters (i.e., biodiesel) and glycerol (Fig. 2.9). Triacylglycerols (triglycerides), as the
main component of vegetable oil, consist of three long chain fatty acids esterified to a
glycerol backbone. When triacylglycerols react with an alcohol (e.g., methanol), the
three fatty acid chains are released from the glycerol skeleton and combine with the

alcohol to yield fatty acid alkyl esters (e.g., fatty acid methyl esters or FAME). Glycerol is
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produced as a by-product. Methanol is the most commonly used alcohol because of its
low cost and is the alcohol of choice in the processes developed in this report. In

general, a large excess of methanol is used to shift the equilibrium far to the right (Fig.

2.9).
CHOCOR™ CH,OH R"COOR
| Catalyst
CH,OCOR" + 3ROH W ------ = CH,OH + R"COOR
|
CH>OCOR! CH,OH R'COOR
100 pounds 0 potids @ 10 pounds 100 pounds
01l or Fat Adeohitl (3) Glycerin Biodiesel (3)

Fig. 2.9 A schematic representatioln of the transesterification of triglycerides
(vegetable ail) with methanolto produce fatty acid methyl esters
(biodiesel). v

Y

Transesterificationfreactions can' be alkali-catalyzed, acid-catalyzed or enzyme-
catalyzed. The first two types‘have :receive__'til-r;__the greatest attention. As for the enzyme-
catalyzed system, it requires a mueh longer reaction time than the other two systems. To

date it has only been carried out en-the Iabotgai;d[y_scale.

Most current blOdTeS@—Feseafcﬁ—COﬁCeﬁﬂ‘a’feS—ﬁﬁ—the alkali-catalyzed technology
carried out on a ben.c‘h scale. Apart from the bench—soaleir‘exsearch, the alkali-catalyzed
process for biodiesel pfaduction has been applied industﬁally. A commercial continuous
alkali-catalyzedatransesterification process to produce methyl“esters on the industrial
scale under high“pressure (90 bar) and at high temperature (240 OC) was demonstrated
by Kréutzer: (1984).' However, high energy ‘consumption, a |significant increase in
equipment cost and process safety issues related to, for example, high pressure and
high temperature, could make this process prohibitive. Krawczyk (1996) presented a
flow diagram for producing biodiesel via transesterification on the industrial scale. The
process mainly consisted of a transesterification reactor, a methanol/glycerol distillation
column and a methyl ester distillation column. Aside from the flowsheet, no detailed
description of the process was provided. A continuous deglycerolization process to

produce biodiesel from refined rapeseed oil by alkali-catalyzed transesterification at
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ambient pressure and 65-70 °C was introduced by Connemann and Fischer in 1998.
They noted successful commercial applications of this process in Europe. One limitation
to the alkali-catalyzed process is its sensitivity to the purity of reactants; the alkali-
catalyzed system is very sensitive to both water and free fatty acids. The presence of
water may cause ester saponification under alkaline conditions. Also, free fatty acids
can react with an alkali catalyst to produce soaps and water. Saponification not only
consumes the alkali catalyst, but also the resulting soaps can cause the formation of
emulsions. Emulsion formation creates (difficulties in downstream recovery and
purification of the biodiesel. Thus, dehydratea vegetable oil with less than 0.5 wt.% free
fatty acids, an anhydrous alkali catalggt and-anhydrous alcohol are necessary for
commercially viable alkali=catalyzed s;llstems. This. requirement is likely to be a
significant limitation to the usgfof\waste clboking oil as a low-cost feedstock. Usually the
level of free fatty acids instwaste cookring @,'S greater than 2 wt.%. In 1986 Lepper and
Friesenhagen recommended a pre’treatme""pt‘éstep to reduce the free fatty acid content
via an esterification reaction with methan"c-)l,im_:the presence of sulfuric acid catalyst.
Glycerine was employed as a quuid'entraiﬁ-;m*g. agent to purify the refined oil. After such
a treatment, the oil phase, havin"gia,iow Ieve@?ﬁfjr:ée fatty acids (less than 0.5 wt.%), was

subjected to the alkali—catalyzéd-’tr’ahsesterifi'éféfidﬁ.‘

Acid-oatalyzed_gystem, despite its insensitivity to fre}é'_fatty acids in the feedstock,
acid-catalyzed transesterification has been largely ignored mainly because of its

relatively slower reaction rate.

A simple‘production flow chart-along with ‘a shert explanation of the steps involved

in the process is shown below.
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The base Catalyzed_r_p'ko_duction of b_"sod'tesel generally occurs using the following

] il ll

steps: =2 il

Mixing of alcohol and caz‘a/yst"f"The C‘é{éﬁ(st is typically sodium hydroxide (caustic
W - e

soda) or potassium hydroxide (patash). It is dissolved in the alcohol using a standard
e e ol e
ST e

agitator or mixer. '
- A

Y -

Reaction. The réljiohol/catalyst mix is then charged :mo a closed reaction vessel

and the oil or fat is added. The system from here on is totally closed to the atmosphere
to prevent the loss of alcahelxThe reaction mix'is kept just above the boiling point of the
alcohol (around 160+°F(or 82:°C) tolspeed up thelreaction and the reaction takes place.
Recommended reaction time varies from 1 to 8 heurs, and some systems recommend
the reaction take placesat room temperature. [Excess alcohol is harmallyi used to ensure

total conversion of the fat or oil to its esters.

Care must be taken to monitor the amount of water and free fatty acids in the
incoming oil or fat. If the free fatty acid level or water level is too high it may cause
problems with soap formation and the separation of the glycerin by-product

downstream.
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Separation. Once the reaction is complete, two major products exist: glycerin and
biodiesel. Each has a substantial amount of the excess methanol that was used in the
reaction. The reacted mixture is sometimes neutralized at this step if needed. The
glycerin phase is much more denser than biodiesel phase and the two can be gravity
separated with glycerin simply drawn off the bottom of the settling vessel. In some

cases, a centrifuge is used to separate the two materials faster.

Alcohol Removal. Once the glycerin;and biodiesel phases have been separated,
the excess alcohol in each phase is removedswith a flash evaporation process or by

distillation. In others systems, the alcohol is removed-and the mixture neutralized before
-

the glycerin and esters havesbeen separated. In either case, the alcohol is recovered
using distillation equipment and.is re-used. Care must be taken to ensure no water

|
accumulates in the recovered aleohol stream.

Glycerin Neutralization. The glycerin by-preduct contains unused catalyst and
soaps that are neutralized with an acid an'fq sent to storage as crude glycerin. In some

cases the salt formed during this "ph"ase is .Eé'fzéi/ered for use as fertilizer. In most cases
] a g
v ol
the salt is left in the glycerin:Water and alcqhol.sﬂare removed to produce 80-88% pure

glycerin that is ready to be sold as crude egc?e__rip. In more sophisticated operations, the

glycerin is distilled to 99% or higher purity and sold, into the cosmetic and

pharmaceutical markets.

Methyl Ester Wash. Once separated from the glycerfin, the biodiesel is sometimes
purified by washing gently withawarmwaterto remove residualecatalyst or soaps, dried,
and sent to storage. In some processes this step iS unnecessary. This is normally the
end of the production process.resulting inya, clear-amberzyellow liquid with a viscosity
similar to. petrodiesel. In"some systems the biodiesel is distilled'in"an‘additional step to

remove small amounts of color bodies to produce a colorless biodiesel.

In the case of using waste vegetable oil (yellow grease) as a feedstock, free fatty
acids (FFA’s) may pose a problem. A free fatty acid is one that has already separated
from the glycerol molecule. This is usually the result of the oil breaking down after many

cycles of use. FFA's create 3 major problems.
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® More catalyst will need to be used leading to higher cost

® Soap (fatty acid salt) is formed, making washing the finished product more

difficult.
® \Water is formed which will retard the main reaction

® The FFA’s are not converted into fuel, reducing the yield

Fig. 2.11 shows the reaction of FF ‘ ,}the catalyst NaOH.

Free Fatty Acid ﬂ[} Water
O
I

HO-C-R

by using the single step
to 4% FFA.

!;,.—"'a j.--"f" -

= "'.—-

2.4 Variable Affectlrlgf]' ransesterlflcatlon aid‘ ;:\

s factors depending upon

the reaction condition ed The effects of these factors described below (Meher et

= AU INYNTNYINT

Effect ofyree fatty acid and rgmsture
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viability of the vegetable oil transesterification process. To carry the base catalyzed
reaction to completion; a free fatty acid (FFA) value lower than 3% is needed. The higher
the acidity of the oil, smaller is the conversion efficiency. Both, excess as well as

insufficient amount of catalyst may cause soap formation.

Ma et al. (Ma et al., 1999) studied the transesterification of beef tallow catalyzed

by NaOH in presence of free fatty acids and water. Without adding FFA and water, the
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apparent yield of beef tallow methyl esters (BTME) was highest. When 0.6% of FFA was
added, the apparent yield of BTME reached the lowest, less than 5%, with any level of

water added.
Triglyceride + ROH ~ ————> Diglyceride +RCOOR'
Diglycenide + R'OH ~—— Monoglyceride + RCOOR!

Monoglyceride + R'OH slycerol + RCOOR!

Fig. 2.12 General equatio sesterifice of triglycerides.

Pre-step
or
Sep.l,
R—C — DR
Step. 2.
A — G- + RO
Step. 3.

ﬁfml m&m NeINT
amqqn;m URIANYIAY

ﬁfH —0COR

CH, —COR!
R' = Carbon chain of fatty acid
R = Alkylgroup of alcohol

Fig. 2.13 Mechanism of base catalyzed transesterification.
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The products were solid at room temperature, similar to the original beef tallow.
When 0.9% of water was added, without addition of FFA, the apparent yield was about
17%. If the low qualities of beef tallow or vegetable oil with high FFA are used to make
biodiesel fuel, they must be refined by saponification using NaOH solution to remove
free fatty acids. Conversely, the acid catalyzed process can also be used for

esterification of these free fatty acids.

The starting materials used for catalyzed alcoholysis should meet certain

specifications. The triglycerides s cid value and all material should be
substantially anhydrous. T )

for higher acidity, but th se in viscosity or formation of

gels that interferes in ation of glycerol. When the
reaction conditions do ester yields are significantly
reduced. The methoxid ium should be maintained in

anhydrous state.

R TOR' p §” T OR"

R'A\DR" " Dl\;;n# R‘I/I_ inr—“ Ry
AUEINENINEING

AMIANTAUNNIINYAY

Fig. 2.14 Mechanism of acid catalyzed transesterification.

Prolonged contact with air will diminish the effectiveness 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
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be converted to biodiesel. The problems with processing these 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 catalyst to complete the reaction. Initial process
development was performed with synthetic mixture containing 20 and 40% free fatty
acid prepared by using palmitic acid. Process'parameters such as molar ratio of alcohol
to oil, type of alcohol, amount of acid catalyst, reaction time, free fatty acid level were
investigated to determine the best stratngy for.converting the free fatty acids to usable
esters. The work showed that the'acid level of the high free fatty acids feed stocks could
be reduced to less than 1% with/a two sf'ep pretreatment reaction. The reaction mixture
was allowed to settle begtween steps s& that the. water containing phase could be
removed. The two-step pretreatment reacti?n‘was demonstrated with actual feedstocks,
including yellow grease with 12%, free fattyf'gci_d and brown grease with 33% free fatty
acids. After reducing the acid levels off‘;’_tb_ese feedstocks to less than 1%, the
transesterification reaction was-co?np!eted@fﬁ;' an alkaline catalyst to produce fuel

grade biodiesel. -

Investigation dfft'he negative influence of base c'atra;lyzed transesterification of
triglycerides containing;substantial amount of free fatty aoid has been carried out by
Turck R. in 2002. Free fatty.acids react with, the basic catalyst added for the reaction
and give rise to'soap, as a result of'which, one part-of the catalyst is neutralized and is
therefore no longer available for transesterification. These high FFA content oils/fats are
processed with an®immiscible asic glycerol phase so as to neutralize the free fatty
acids and cause them to pass over into the glycerol phase by means of monovalent
alcohols. The triglycerides are subjected to transesterification, using a base as catalyst,
to form fatty acid alkyl esters, characterized in that after its separation, the basic glycerol
phase produced during transesterification of the triglycerides is used for processing the
oils/fats for removal of free fatty acids. The minimum amount of catalyst required for this
process was calculated, relative to 1000 g of the oil to be processed, as a function of

the acid value and the mean molar mass of the oil/fat.
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2. Catalyst type and concentration

Catalysts used for the transesterification of triglycerides are classified as alkali,
acid, enzyme or heterogeneous catalysts, among which alkali catalysts like sodium
hydroxide, sodium methoxide, potassium hydroxide, potassium methoxide are more
effective. If the oil has high free fatty acid content and more water, acid catalyzed
transesterification is suitable. The acids could be sulfuric acid, phosphoric acid,
hydrochloric acid or organic sulfonic acid: Methanolysis of beef tallow was studied with

catalysts NaOH and NaOMe.

Comparing the two catalysts, NaéH was. significantly better than NaOMe. The
catalysts NaOH and NaOMe reached their maximum activity at 0.3 and 0.5% w/w of the
beef tallow, respectivelysSodium metho;(ide causes formation of several by-products
mainly sodium salts, whieh are o be treé_}éd as waste. In addition, high quality oil is
required with this catalyst This was diffef;nt—i from the previous reports in which ester
conversion at the 6:1 molar ratio, of aIcoHEMoiJ_. for 1% NaOH and 0.5% NaOMe were

almost the same after 60 min. Part.ofithe di"f'fére_nce may be attributed to the differences

i

in the reaction system used. Lo

te)

As a catalyst inithe proc:eé’é of alkaline rhéqth‘anolysis,r mostly sodium hydroxide or

potassium hydroxide.fiave been Used, both in concentration from 0.4 to 2% wiw of oil.

Refined and crude oils with 1% either sodium hydrexide or potassium hydroxide
catalyst resulted,successful eonversion. Methanaolysis of soybean oil with the catalyst

1% potassium hydroxide-has/given the best yields and viscositiés of the esters.

Attempts shave, been-made-to use jhasic-alkaline-earth ,metal compounds in the
transesterification of rapeseed il for production of fatty acid methyl'esters. The reaction
proceeds if methoxide ions are present in the reaction medium. The alkaline-earth metal
hydroxides, alkoxides and oxides catalyzed reaction proceeds slowly as the reaction
mixture constitutes a three-phase system oil-methanol-catalyst, which for diffusion
reason inhibits the reaction. The catalytic activity of magnesium oxide, calcium
hydroxide, calcium oxide, calcium methoxide, barium hydroxide, and for comparison,

sodium hydroxide during the transesterification of rapeseed oil was investigated.
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Sodium hydroxide exhibited the highest catalytic activity in this process. The degree to
which the substrates were reacted reached 85% after 30 min of the process and 95%
after 1.5 h, which represented a close value to the equilibrium. Barium hydroxide was
slightly less active with a conversion of 75% after 30 min. Calcium methoxide was

medially active.

The degree to which the substrates were reacted was 55% after 30 min. Eighty
percents after 1 h and state of reaction equilibrium (93%) was reached after 2.5 h. The
rate of reaction was slowest when catalyzed by CaO. Magnesium oxide and calcium

hydroxide showed no catalytic activity in rapeseed eilmethanolysis.
w

Acid catalyzed transesterification| was studied with waste vegetable oil. The
reaction was conducted at _feur diﬁerentulcatalyst coneentrations, 0.5, 1.0, 1.5 and 2.25
M HCI in presence of*100% excess’alco‘ho,ll. and the result was compared with 2.25 M
H,S0, and the decrease in viscosity was JQbserved. H2S04 has superior catalytic
activity in the range of 1.5-2.25 M concentr‘?z_a,ti(;n.

Although chemical transes’térfﬁcatiori:J’[*J'slihg an alkaline catalysis process gives
high conversion levels of trigly(_:e!ri_aes to :t‘rk_]‘;[rﬂcorresponding methyl esters in short
reaction times, the reaction ha_s’ s_e\_/eral dra_\i/fv?_xélc_ks: it is energy intensive, recovery of

i el

glycerol is difficult, thﬂe acidic or alkaline catalyst has to bé removed from the product,

alkaline waste wate-r-_fe_aquire treatment, and free fatty ééi’d and water interfere the
reaction. Enzymatic -catalysts like lipases are able.ito effectively catalyze the
transesterification of triglycerides in either aqueous or non-aqueous systems, which can
overcome the problems.mentioned.abave. In particular,ithel by-products, glycerol can
be easily removed without any complex process, and also that free fafty acids contained
in wasteoils and fats cah be completely«converted o alkyl estersi®On ithe other hand, in
general the production cost of a lipase catalyst is significantly greater than that of an

alkaline one.

3. Molar ratio of alcohol to oil and type of alcohol
One of the most important variables affecting the yield of ester is the molar ratio of
alcohol to triglyceride. The stoichiometric ratio for transesterification requires three

moles of alcohol and one mole of triglyceride to yield three moles of fatty acid alkyl
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esters and one mole of glycerol. However, transesterification is an equilibrium reaction in
which a large excess of alcohol is required to drive the reaction to the right. For
maximum conversion to the ester, a molar ratio of 6:1 should be used. The molar ratio
has no effect on acid, peroxide, saponification and iodine value of methyl esters.
However, the high molar ratio of alcohol to vegetable oil interferes with the separation of
glycerin because there is an increase in solubility. When glycerin remains in solution, it
helps drive the equilibrium to back to the left, lowering the yield of esters. The
transesterification of Cynara oil with ethanol was studied at molar ratios between 3:1 and
15:1. The ester yield increased as the molar.ratiesincreased up to a value of 12:1. The
best results were for molaf ratios between 9:1-and 12:1. For molar ratios less than 6:1,
the reaction was incompleté. or.a molar ratio of 15:1 the separation of glycerin is
difficult and the apparent yield Of estef‘s decreased because a part of the glycerol
remains in the biodieselfphase. Thereféré, molar ratio 9:1 seems to be the most

_—

appropriate. ';. ;

The base catalyzed formation of ethyl':e__‘_s,tg_r is difficult compared to the formation of
methyl esters. Specifically the formation 6j{§_table emulsion during ethanolysis is a
problem. Methanol and ethanol are not;rﬁf;:icible with triglycerides at ambient
temperature, and the reaction -mixtures ar;e'f'i]-s.UaIIy mechanically stirred to enhance
mass transfer. During:the-course-oi-feaction—emuisions-usually form. In the case of
methanolysis, these émulsions quickly and easily break dde to form a lower glycerol
rich layer and upper miethyl ester rich layer. In ethanolyéis, these emulsions are more
stable and severely complicate. the' separation ‘and ‘purification™ef esters. The emulsions
are caused in part by formation of the intermediates monoglycerides and diglycerides,
which avetbeth ©olaf hydroxyl: giodps fand non-polarfhydroearbon! chains. These
intermediates are strong surface active agents. In the process of alcoholysis, the
catalyst, either sodium hydroxide or potassium hydroxide is dissolved in polar alcohol
phase, in which triglycerides must transfer in order to react. The reaction is initially
mass-transfer controlled and does not conform to expected homogeneous Kinetics.
When the concentrations of these intermediates reach a critical level, emulsions form.
The larger non-polar group in ethanol, relative to methanol, is assumed to be the critical

factor in stabilizing the emulsions. However, the concentration of mono- and di-
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glycerides is very low, then the emulsions become unstable. This emphasizes the
necessity for the reaction to be as complete as possible, thereby reducing the

concentrations of mono- and di-glycerides.

4. Effect of reaction time and temperature

The conversion rate increases with reaction time. Freedman et al. transesterified
peanut, cotton-seed, sunflower and soybean oil under the condition of methanol-oil
molar ratio 6:1, 0.5% sodium methoxide catalyst and 60 °C. An approximate yield of
80% was observed after 1 min for soybean‘and'sunflower oils. After 1 h, the conversion
was almost the same for-all-fouroils (93-98%).Ma et al. studied the effect of reaction
time on transesterification of+beef tallow with methanol. The reaction was very slow
during the first minute dug#o mixing andldispersion of methanol into beef tallow. From
one to 5 min, the reaction’ procéads very fast. The production of beef tallow methyl

esters reached the maximum value at ébou,ﬁ 15 min.
4

Transesterification caprogeur at differ'é'r,]_t temperatures, depending on the oil used.
For the transesterification of refined oil witﬁf-xhe_thanol (6:1) and 1% NaOH, the reaction
was studied with three different"’férr{peraturééjj;‘ter 0.1 h, ester yields were 94, 87 and
64% for 60, 45 and 32 °C; respectively: After T h, ester formation was identical for 60

and 45 °C runs and onlyslightiylowerforthe-32:"CransT emperature clearly influenced

the reaction rate and yield of esters.

5. Mixing intensity.

Mixing is &very important in the transesterification reaction, as oils or fats are
immisciblepwith~sodiumahydrexide=methanoliselution.cOnee jthe two phases are mixed
and the reaction is started, stirring is no longer needed. Initially the effect of mixing on
transesterification of beef tallow was study by Ma et al. No reaction was observed
without mixing and when NaOH-MeOH was added to the melted beef tallow in the
reactor while stirring, stirring speed was insignificant. Reaction time was the controlling
factor in determining the yield of methyl esters. This suggested that the stirring speeds

investigated exceeded the threshold requirement of mixing.
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6. Effect of using organic cosolvent

The methoxide base catalyzed methanolysis of soybean oil at 40 °c (methanol-oail
molar ratio 6:1) shows that to form methyl esters proceeds approximately more slowly
than butanolysis at 30 °C. This is interpreted to be the result of a two phase reaction in
which methanolysis occurs only in the methanol phase. Low oil concentration in
methanol causes the slow reaction rate; a slow dissolving rate of the oil in methanol
causes an initiation period. Intermediate mono- and di-glycerides preferentially remain in
the methanol, and react further, thus explaining the deviation from second order

kinetics. The same explanations apply for hydreXide«on catalyzed methanolysis.
-

In order to conduct'the reaction in a single phase, cosolvents like tetrahydrofuran,
1,4-dioxane and diethyl"ether were tested. Although, there are other cosolvents, initial
study was conducted with tetrahydrofur:?q-. At the 6:1 methanol-oil molar ratio the
addition of 1.25 volume of tetrahy_drofurajh per volume of methanol produces an oil
dominant one phase systemin which metr';a_nljlysis Speeds up dramatically and occurs
as fast as butanolysis. In particula-'r, THF is-i_;(:;E_ogen because its boiling point of 67 °Cis
only two degrees higher than thgt (J-_f.metha‘rféld.;_]:herefore at the end of the reaction the

unreacted methanol and THF can be co—dist@ and recycled.

Using tetrahyeifefuran, transesterification—of soybeén oil was carried out with
methanol at different concentrations of sodium hydroxide: The ester contents after 1 min
for 1.1, 1.3, 1.4 and 2.0% sodium hydroxide were 82.5, 85, 87 and 96.2%, respectively.
Results indicated that the hydroxide comcentrationicould e increased up to 1.3 wt%,
resulting in 95%umethyl ester after 15 min. Similarly for transesterification of coconut oil
using THF/MeOH, velume ratio:0:87withy 10aNaOH,catalystathe-copversion was 99% in 1

min.

A single-phase process for the esterification of a mixture of fatty acids and
triglycerides were investigated. The process comprises forming a single-phase solution
of fatty acids and triglyceride in an alcohol selected from methanol and ethanol, the ratio
of said alcohol to triglyceride being 15:1-35:1. The solution further comprises a
cosolvent in an amount to form the single phase. In a first step, an acid catalyst for the

esterification of fatty acid is added. After a period of time, the acid catalyst is neutralized
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and a base catalyst for the transesterification of triglycerides is added. After a further

period of time, esters are separated from the solution.

An improved process was investigated for methanolysis and ethanolysis of fatty
acid glycerides such as those found in naturally occurring fats and oils derived from
plant and animals. The processes comprise solubilizing oil or fat in methanol or ethanol
by addition of a cosolvent in order to form a one-phase reaction mixture, and adding an
esterification catalyst. The processes progceed quickly, usually in less than 20 min, at
ambient temperatures, atmospheric pressuresand without agitation. The co-solvent
increases the rate of reaction by makin}; the=ail_seluble in methanol, thus increasing
contact of the reactants. Thedewer alkyl fatty acid menoesters produced by the process

can be used as biofuels«and aré suitable as diesel fuel replacements or additives.
]

2.5 Biodiesel Production Using/Cosolvent

_—

A number of studies'on prep‘aratiori}of;biodiesel from vegetable oils have been
reported using a variety of qils, alqohols, di’ﬁ‘%rqpt catalysts, and reaction conditions. For
alkali catalyzed process, ‘Aragil et al, (Aracfi-L«fe_!t.al., 2005) used different basic catalysts
(sodium methoxide, potassium méthoxide, sonltJ’r’n hydroxide and potassium hydroxide)
for transesterification of sunflower oif. The b%é&iésel purity near 100 wt.% was obtained
for all catalysts. Howéve%,—bieeﬁesel—yie#ds-nearﬂoo w7 were only obtained with the
methoxide catalysts. Alt’hough all the transesterification reéétions were quite rapid and
the product achieved "rﬂearly 100% methyl ester concentrations, the reactions using
sodium hydroXide turmed aut the| fastest. Another eéxamplée on=alkali process is that of
Meher et al., (2006), in which the transesterification of karanja oil with methanol was
carried’outiusing; alkaline €atalystin a batchitype reactor. Atl65y°Cywithla molar ratio of
1:6 of the karanja oil to methanol, using KOH as catalyst, the 97% conversion to methyl
esters was obtained after 3 hrs. Although high purity and yield of biodiesel can be
achieved in a short time with the alkali process. However, it is very sensitive to the purity
of reactants. For example, the starting material (oil or fat) must be dried (moisture level
<0.06%) and free of free fatty acid (FFA) (<0.5%). The presence of minor amount of FFA

and moisture in the reaction mixture produces soap, which lower the yield of ester and
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renders the separation of ester and glycerol by water washing difficult. FFA also

consumed the catalyst and reduced catalyst efficiency (Zullaikah et al., 2005).

Boocock et al. (Boocock et al., 2004) have developed a novel technique for
accelerating the transesterification reaction rate. During its early stages, the
transesterification reaction is limited by the low solubility of the alcohol, especially
methanol, in the oil. Boocock proposed the addition of a cosolvent to create a single
phase, and this greatly accelerates the reaction so that it reaches substantial
completion in a few minutes. The technigue'is applicable for use with other alcohols and

for acid-catalyzed pretreatment of high free fatiy acidfeed stocks.
2.6 Cosolvent Selection

i
The first consideration of oosolventé_ for the transesterification shall be inert to the
reaction and have a bailing/paint lower énd near to the boiling point of methanol to
simplify the solvent recycle by ﬂashing th‘fem"-out of the product at the boiling point of

methanol.

' §
i

The second consideration is-that the Sé’l'eio"ted cosolvents shall be soluble in both
methanol and triglyceride. Due.to.methanol i;s-*__a'golar substance while triglyceride which
contains a long chain alky! (hydrocarbon) group is non-polar,.hence they are immiscible.
So, the selected cosolvents which can be solute in both methanol and triglyceride shall

have both polar and non-polar parts in their molecules.

Table 2.3 summarized the properties of'cosalvents selected for the study.

Fig. 2.15 shows molecular structure of THF #MTBE and DEE“from the left to right
respectively. It canibe seenithat all these cosolvents have bothipolaripart (at hydrogen
atom) and non-polar part (at Oxygen atom). MTBE and diethyl ether have lower boiling
point than the melting point of palm stearin which requires higher reaction temperature.
However, these cosolvents were selected due to they have either lower or close boiling
point to that of methanol, soluble in both methanol and triglyceride and the reaction will
be carried out in a closed reactor. The boiling point of the solution will also be raised by

the high content of both methanol and the non volatile triglyceride.



Table 2.3 Properties of selected cosolvent
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Chemical Formula Molecular Density Solubility in Boiling
Wt (g/ml) Water (20 Point (°C)
°C)
THF C,H,O 72.11 0.88 Soluble 67
MTBE C,H,,0 85.15 0.74 26 g/l 55.2
DEE C,H,,0 442) 0.71 69 g/l 34.6

Nt \ W
= VN 8
Fig. 2.15 Molecular Structure of -?‘et ah) drofuran, V\):EBE and Diethyl Ether
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2.7 Reaction Conditions for the ﬁfud

N,

KOH was the selected cataﬁfdue

'"".u-" i

high catalytic activity, relatively cheap

{5
price and the washm@lwater from blodlesel prodmgﬁ,sed as a fertilizer. Catalyst

concentration will b

XE ven the highest yields and
viscosity of esters in mé].”wanoly&s as suggested in the Ilté&ture review in Section 2.4.2.

Excess rﬁhﬁﬂ 63 9ﬂ| ﬁi%f{eﬁﬂ@iﬂﬁsaemd for the study

which will yieldfmaximum conver3|on for methanonS|s as descrlbed in the literature

rewem%%mmm URIINYIR

From the study of biodiesel production from palm stearin using THF and hexane
as a cosolvent (Veerapol et al., 2008) found that at 0.2 mol ratio of cosolvent to methanol
yields the highest methyl ester content, hence in this study the mol ratio of solvent to

methanol will be fixed at 0.2.




CHAPTER 1lI

RESEARCH METHOLOGY

3.1 Experimental

The palm stearin oil was transesterified in the presence of methanol with cosolvent

using homogeneous base catalyst (Potassium hydroxide) in a laboratory scale.

3.2 Experimental Equipment

1 Beaker 600 ml.
Stick glass
Spatula
Water Bath

2

3

4

5 Tree blade pad
6 Variable speed m
7 Funnel

8 Thermometer
9 Hotplate

10 Weight Scale .

11 Gas Chromato' ' )
J
3.3 Chemical P

el AN INEINT
AR TN &

MTBE, Analytical grade: Carlo Erba

U

Ether, Analytical grade: J.T.Baker

o ok~ w N

Sulfuric acid, Analytical grade : J.T.Baker
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3.4 Raw Material

Palm stearin used in the experiment was obtained from Olene Co., Ltd.

3.5Research Procedure

3.5.1 Analyze chemical properties of raw material for

1.

Properties of palm steari

except item 5 was analyze

(TISTR).

3

o M w N

Free fatty acid content

lodine value

Moisture content

Slip point 7
Free fatty acid co

(2005)

OAC969.33, AOAC991.39

m stearin by Olene Co., Ltd.

ind Technological Research

Heat the palm stearin to a temperature of a 'tely120 degree Celsius

for 60 minute-n o (100 g).

Mix methanol \#I’[h potassium hydrOX|de at 60 degree Celsius (23.07 g

methﬂ) urﬂo’@a Bﬂ ﬁcﬂ meﬂ)ﬁe to methanol).

Mix co?olvent with palm stearin at the required reaction temperature (0.2 mol

ApdReni o b g et b Webdod G

4

Heat or cool the methoxide obtained from step 3 to the required reaction

temperature.

Pour the methoxide obtained from step 4 into the mixed oil and cosolvent in
step 3. and stir at 200,250,400 and 550 rpm. Start counting the reaction

time.
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6 Terminate the reaction using sulfuric acid to neutralize the un-reacted base
catalyst and to reduce soap produced from sponification of free fatty acids

and base catalyst

7 Pour the product into a funnel and leave it until methyl ester and glycerol is

completely separated (3 hours).

8 Check the upper layer, methyl ester, of the separated product to remove the

‘Wolvent by distillation at a temperature
9 Wash methyl ytllladd Wwve the excess base catalyst,
methanol, cosolve ( \

un-reacted excess methanol

approximately 100 d

10 Pour methyl e ' ve it until methyl ester and

11 Wash methyl e ifthe wast neutralize (pH7).

12 Remove washin - y",.q yl ester at a temperature of

13 Filter the methyl esteP.'GSi?ag?-fl er paperno.1 and keep the sample for the

3.5.3 Analyze percergge of prod ester usiﬂ gas chromatograph.

The content of fatty acidemethyl ester (FAME) in product was analyzed by a GC-

2010 gas Chromaﬁl bbbl b o & f6e ) drbodoc capitary cotumn

(30m x 0.32mmi.d. x 0 25um film thickness) capable to-maintain tempegature in the range

o 20 - 23] lffee] G [Thedidrigerdrd b hedfda bnd B8 fefne onizatn

detector FIIS ) was 210 and 250 °C, respectively. The chromatographic conditions are

summarized in Table 3.1 below:-
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Table 3.1 Chromatographic conditions

Condition Value
Carrier gas (He) flow rate 30 mL/min
Detector temperature (FID) 250°C
Split ratio 1:25
Injection part temperature 220°C
Inject volume 1L

Column temperature

Haolding time

The ester content M vl ester is determined in accordance with

(FAME) — Determination

heptadecanoate (C,;H,,0.,)

'N'\,

as an internal standard and I héptahe'as a ¢ t. Appendix B shows how to
determine FAME content” ma 0 1\ ordance with EN 14103.
Appendix E contains GC re hromatography of the products

was carried out by Scientific cal Research Equipment Center

Chulalongkorn Universit

AU INENTNEINS
RINNTNUNINYAY



CHAPTER IV
RESULTS AND DISSCUSION

4.1 Raw Material Properties

4.1.1 Physical and Chemical Properties

Table 4.1 shows the analyzed properties of palm stearin used in the experiments.

Table 4.1 Properties of palm stearin used in the experiments

Properties Palm stearin
Free fatty acid (%) (as plamitic aeid) 0.04
Moisture content (%) ' 0.03
Peroxide value (meq O,/kg) 4 4§ 0.57

Slip point (°C) '_‘. 4 54

lodine value (g I,/ 100 g oil) 4 82.86

i

4.1.2 Fatty Acid Content =5 ,
Table 4.2 shows the, composition of palm éiéé’r"ih feedstock used in the experiments
which were analyzed by! Frailand Instittte of Scientific and Teehnological Research using
AOAC 969.33, AOAC 991.39 (2005) analytical standard with Gas Chromatography. The
result shows that major fatty.acid component of palm stearin is 63.7 wt% Palmitic acid
(C16:0) and 24 wi% Qleic.-The total percentage of saturated fatty acid is 70.7 wt% and
the remaining 29,3 wt% is unsaturated fatty acid. From the analyzed fatty acid content, the

average molecular'weightof palm stearin can be calctlated as:831.98-g/mol.
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Table 4.2 Fatty acid contents in palm stearin used in the experiments

Fatty acid composition (wt%) Molecular Weight % By Weight
C12:0 Lauric acid 200 0.3
C14:0 Myristic acid 228 1.2
C15:0 Pentadecanoic acid 242 0.1
C16:0 Palmitic acid 256 63.7
C17:0 Margaric acid 270 0.1
C18:0 Stearic acid 284 4.9
C20:0 Arachidic acid 312 0.3
C24:0 Lignoceric acid 368 0.1
Saturated 70.7
C16:1 Palmitoleic acid 254 & 0.1
C18:1 Oleic acid 282 24
C18:2 Linoleic acid 280 - 5
C18:3 O-Linolenic acid - 0.1
C20:1 Gondoic acid 310 0.1
Unsaterated 29.3
Total fatty acid composition 7 100
Molecular weight 831.98

4.2 Effect of Speed

Mixing is very important in the “transesterification reaction, as‘ oils or fats are
immiscible with' sodiumy hydroxidesmethanaksalution. @nce the_two phases.are mixed and
the reaction is started, stirring is no longer needed. Initially the effect of mixing on
transesterification of beef tallow was study by Ma et al. (Ma et al., 1999). No reaction was
observed without mixing and when NaOH-MeOH was added to the melted beef tallow in
the reactor while stirring, stirring speed was insignificant. Reaction time was the controlling
factor in determining the yield of methyl esters. This suggested that the stirring speeds

investigated exceeded the threshold requirement of mixing.
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This research studied for the optimum speed using 6:1 constant molar ratio of
methanol to oil, 1 wt% of potassium to oil, 60 °C and 10 minutes reaction time with varying
stirring speed of 200, 250, 400 and 550 rpom. The paddle used in the experiments is three
blade paddle, 5 cm diameter and 2.2 cm blade diameter. The beager is 9 cm diameter, 13
cm height with 3.0 cm chemical level in case of the reaction without cosolvent and 4.0 cm
chemical level in case of using cosolvent. Distant between blades to bottom of the beager

is 1.5 cm. The experimental results are shown in figure 4.1.

100 98.4 98.7
o ,:‘
K 97.6 98.1
= 95 - /
o :
C
o)
(@)
590 -
»
o)
B
g 85 / —e—THF
- —ii— None
80 ‘ > s ‘ ‘

0 100 200~ 300, 400 500 600

Speed {fpm)

Fig. 4.1 Effects of stirng speed.on.wi% of methylester yield-for the reaction with and
without tetrahyd:rofuran cosolvent 7
Reaction Condition: 6:1 mol MeOH/ Qil, 1 wt% KOH, 60°C, 10 minutes, 0.2 mol%

THF/ MeQOH

Figure 4.1 shows that increasing of stirring speed will increase methyl ester content
in the product'tue ta increasing stirring speediresultingiin smaller droglet'size diameter of
methanol from blade shearing. This will increase reaction surface for methanol, catalyst
and oil resulting in faster reaction rate. In case of the reaction with tetrahydrofuran
cosolvent, the highest content of 98.7 wt% methyl ester occurs at 550 rpm stirring speed.
However, increasing of stirring speed from 250 rpm to 550 rpm enhances only 1.1 wt%
additional methyl ester content for the reaction with tetrahydrofuran cosolvent whereas the
reaction without cosolvent enhances 4.6 wt% methyl ester content from the same speed

increasing.
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It can be concluded that the optimum speed to obtain ester content meeting with
biodiesel standard, i.e. 96.5 wt% minimum is 250 rpm for the reaction with THF and 400

rpm for the reaction without THF.

From accuracy/ error analysis in Appendix C shows that if the different of methyl
ester content from the different experiment conditions is less than 0.81 wt% (98.96 —
98.15), the result can be considered that these conditions yield the same methyl ester
content, hence it can be considered that there are no differences of methyl ester content
from the reaction with and without THF at 550 rom. So, at 550 rpm the effect of mixing

overcomes the effect of cosolvent.

4 3 Effects of Reaction Temperaiure and Time

Transesterification reaction of vegetable oil using alkali catalyst will be performed at
the temperature near to the bailing point-of aleohol. Methanel has a boiling point of 64.7 °C
at atmospheric pressure, so ihefreaction te—.tﬁ;wp@rature should not be greater than this
temperature. While the freezing point_lof_ palm ’isgt)e;agr_in is 54 °C, so the experiment must be
done between 55 to 60 °C. ..r"..

In this research the experiments were carried out at 6:1 constant molar ratio of

methanol to oil, 1 wt% of potassium:-hydroxide tgjl—éil-,-55 and 60 °C, 5, 10 and 15 minutes

reaction time and 250 rpna stirring speed.

4.31 Transesterificétibn reaction without cosolvent
The experiment resulf-for the reaction without cosolvent is shown in Figure 4.2.
From the @bove| figure, ‘methyl “ester, ‘contents lin® ithe, product from gas
chromatography analysis are:-
1) At 55 G reaction temperature;and 5,010,015 Mmin’yeaction [time Jave 90.2%, 92.5%,
93.2% miethyl ester content, respectively.
2) At 60 °C reaction temperature and 5, 10, 15 min. reaction time gave 92.0%, 93.5%,

94.3% methyl ester content, respectively.

Figure 4.2 shows that wt% methyl ester formed from the reaction at 60 °C is greater

than at 55 °C due to higher reaction temperature giving higher reaction rate.
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100
- . 943
5 9:0/./.
Q
s 93.2
S 925
E 90 -
f 90.2
=
E .
% 85
\ /// —&— 55 degree Celsius
/4.— 60 degree Celsius
80 - o ‘
0 : ' D 15 20

Fig. 4.2 Effects of reacti | ester in the reaction
without cosolve

Reaction Conditio

4.3.2 Transesterificatio

resulted in higher wt% rr_1ethy| esﬁ%@ﬁi i_nr: g f duct as per figure 4.3.
From Fig 4.3, methyl este s in the productfrom gas chromatography
analysis are:-

mn time gave 93.9%, 95.7%,

|
1) At 55 °C reaction te

96.3% methyl eﬁﬁ]?ﬁﬁv L7
2) At 60 °C reacaw ature’a , C,‘z mﬂagofllg gave 95.2%, 97.6%,
98.3%ﬁe | e}ﬁteai)%e?]r%o iiely. ,]’-3 V] EI éﬂ"
9 E mmed from the re;(]ion atg!) °C is greater

Figureq4. shows that wt% methyl este

rature and 5, 10, 15 min. reac

than at 55 °C due to higher reaction temperature giving higher reaction rate.

However, using THF as a cosolvent gave a higher methyl ester content in the product compared
to the reaction without cosolvent at the same reaction time due to THF enhances the miscibility of
methanol and oil to become a homogeneous phase resulting in a high reaction rate and the reaction

will be in equilibrium faster.
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100 983

97.6

95

. :/./.
b 96.3

93.9

90

Methyl ester content (%

—&— 55 degree Celsius

80

Fig. 4.3 Effects of tempera nwt e € in the reaction with THF
cosolvent
Reaction Conditi 250 rpm, 0.2 mol% THF/

MeOH

:J condition resulted in the
by

same trend but less effectBs than t figure 4.4.

i

From the above flgwre methy! ester contents in the product from gas

chromatography Eﬁ%ﬁ ’J ‘Vl EJ V] ﬁ w ﬂl] ﬂ i

1) At 55 °C reaction temperature andg 10, 15 min. reactlon time gave 88.9%, 92.3%,

oA TN AN Y

At 60 °€ reaction temperature and 5, 10, 15 min. reaction time gave 93.0%, 94.9%,

96.1% methyl ester content, respectively.
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100
96.1
94.9

95 93.0
©
c
2 92.8
5 923 :
o 90 -
[0
O
(0]
= 88.9
E=t
s ,
=

85 '

/ 55 degree Celsius
d 60 degree Celsius
80 - T

N -

?\ er in the reaction with MTBE

Reaction Condition: 6: | Met 1 C % KOH, 250 rpm, 0.2 mol% MTBE/

Fig. 4.4 Effects of temperatu

cosolvent

MeOH

4.3.4 Transesterific -----—-n----—--——----' --------

In case of using I‘v-'-ﬁy Aame Teaction condition resulted

in the same trend but less-effective than tetrahydrofuran as .{ﬂ figure 4.5.

Bl 17k 21 ) 1014 e
LA T T

2) At 60 °C reaction temperature and 5, 10, 15 min. reaction time gave 92.8%, 94.0%,

96.3% methyl ester content, respectively.



Fig. 4.5 Effects of temper.

100
96.3
. 94.0
95 928
945
92.6 93.2
90

Methyl ester content (%

—&— 55 degree Celsius

—— 60 degree Celsius

15 20

rin the reaction with DEE

cosolvent

Reaction Condition:'6:1/mol MeC -r"'- ‘ , 250 rpm, 0.2 mol% DEE/
MeOH
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CHAPTER V

CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

1. Addition of cosolvent into the reaction mixture making oil miscible with
methanol. Because the mass transfer in the one-phase reaction is superior to
that in the two-phase reaction, due to an increase in the contact surface, the
production rate of methyl ester by the one-phase reaction increases. Therefore,
the initial addition of @ eesclvent enhances-the miscibility of oil to methanol and

reduces the time-reguired.to.form the one-phase system.

2. Using tetrahydrofuran as e Cosolifent resulted in higher methyl ester content
than diethyl ethergin which diethﬂ ether. cosolvent gave higher methyl ester
content than MTBE €osolvent. The r'51a>dmum methyl ester content obtained from
the alcali-catalyzed transe_ste;_rificati%}jr]__ioj_ palm stearin and methanol (1:6 molar
ratio) without cosolvent using. 1 Wt%’.fKQH and 250 rpm stirring speed was 94.3
wt% at 60 °C reaction 't—émberatureih!d;‘ 15 minutes reaction time while the
reaction at the same condition with OZrﬁoF % tetrahydrofuran, DEE and MTBE

cosolvent gave@meth5¢estea*-eentent-98.3, 96-9-ahd:96.1 wt% respectively.

3. In this study, the experiments (o observe the effects of stirring speed also had
been carried out By#arying stirring speed from 250 to 550 rpm using 6:1 molar
ratio of methahol.to palm stearin oil, 1wt% KOH, 60/°C and 10 minutes reaction
time, found that the maximum methyl esterscontents for thé.reaction with and
without tetrahydrofurangscosolvent| were 98.7 and 98.1 wit%, at/the maximum
stirring speed of 550 rpm, respectively. However, increasing of stirring speed
from 250 rpm to 550 rpm enhances only 1.1 wt% additional methyl ester content
for the reaction with tetrahydrofuran cosolvent whereas the reaction without
cosolvent enhances 4.6 wt% methyl ester content from the same speed

increasing. It can be concluded that the optimum speed to obtain ester content
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meeting with biodiesel standard, i.e. 96.5 wt% minimum is 250 rpm for the

reaction with THF and 400 rpm for the reaction without THF.

From accuracy/ error analysis in Appendix C shows that if the different of
methyl ester content from the different experiment conditions is less than 0.81
wt% (98.96 — 98.15), the result can be considered that these conditions yield

the same methyl ester cont

the reaction with and without THF at

nce it can be considered that there are no
differences of meth 1

550 rpm. So, 1ixing overcomes the effect of

—

than 15 minutes for fo.r—%p r the stirring speed must be 400 rpm

minimum @10 minutes 60 °C’ _‘§

t rﬁeting with biodiesel standard

The conditions t

(96.5 wt% mw;pum ) for the reactlon with cosolvent at 250 rpm are

7ﬂ u‘\ﬂte’g n&njhm %Jqﬂﬁtes at 55 °C for THF

Cosolvent

ammmm URANIAY

7.2 More than 15 minutes at 60 °C DEE and MTBE cosolvent

5.2 Recommendations

1.

The addition of diethyl ether to the reaction as a cosolvent can improve the
reaction rate and methyl ester content but with less efficiency than

tetrahydrofuran. However, due to the fact that diethyl ether is cheaper than
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tetahydrofuran, the comparative economics study between tetrahydrofuran

and diethyl ether is recommended.

2. In order to obtain methyl ester content to meet with the biodiesel standard, i.e.
96.5 wt% minimum, it was found that even using tetrahydrofuran the reaction

temperature shall be more than 55 °C at 15 minutes. However, the current

study on the effect of cosolvent was done at fixed 250 rpm, 6:1 mol MeOH/

AULINENINYINS
ARIANTAUNNIING 1A Y
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APPENDIX A

REACTION CHEMISTRY CALCULATION

Palm Stearin Molecular Weight Calculation

46

O e .
N 0 |
RLC-OH | H-O-CH, ol |
———————— R+C-0O-CH, |
0 | |
I | ,
R-C-OH H-O- ' !
C-0-CH | + 3H,0
O I
I |
R-C-OH H- !
'r ¢ O - CHZ l
3 Fatty Acids + G L 4 i . Triglyceride  + 3 Water
From Triglyceride f m tolo i y e molecular weight of triglyceride can

Y]

Ravg 0 vIvY m

100

wnere ﬂ‘UEl’J‘VIElVﬁWEJ']ﬂ‘i

MW, is average molecular weight of triglyceride

o Ul B il U koo Kb 1 ) \ ¢

%F,, is %wt of each fatty acid in palm stearin

MW, is Molecular weight of each fatty acid

R, = (0.003x200) + (0.012x228) + (0.001x242) + (0.637x256) + (0.001x270) +

(0.049x284) + (0.003x312) + (0.001x368) + (0.001x254) + (0.24x282) + (0.05x280) +

(0.001x278) + (0.001x310) = 264.66 g/mol



MW,, =  (3x264.66) +38

831.98 g/mol

Table A1 Chemical and physical properties

47

Chemical Density (g/ml) Molecular Weight

Palm stearin 2036 831.98
74

Methanol — 0.78 32.04
Tetrahydrofulan % H 7211
MTBE ///ﬁ%\\\\ 88.15
Diethy! Ether (DEE) // N \ 74.12
Methanol Quantity Calcul

The experiment used p

Molar ratio-c

Palm stearin EO g equalsto m 0.120 mol

He”ﬁ”ﬂﬁ'?ﬂﬂ%‘iﬁ“ﬁf”’lﬂﬁw e

or 23. 07/079 = 2920 ml

oy b L) 384 IRIAINYINY

The experiment used 1 %wt catalyst to palm sterain

Hence, catalyst quantity used is (1/100) x 100 = 1 g

Moisture Quantity Calculation

Palm sterain contains 3 %wt

or palm stearin 100 g contains moisture (3/100) x 100 = 3 g
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Tetrahydrofuran Quantity Calculation
Methanol used in the experiment is 0.72 mol
Used 0.2 molar ratio of tetrahydrfuran to methanol
Hence, tatrahydrofuran used is 0.2 x 0.72 = 0.144 mol
or0.144 x 72.11 =10.38 g or 10.38/0.88 = 11.80 m

MTBE Quantity Calculation

Methanol used in the exp

DEE Quantity Calculati
Methanol usedil
Used 0.2 molar fatiolof DEE to-m
Hence, DEE usedis O 03

or 0.144 x 74.12 = 10.67-4 61 10.6
et

AULINENINYINS
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APPENDIX B

DETERMINATION OF METHYL ESTER CONTENT

Analysis of Methyl Ester Content in the Product

Methyl ester content in the product is determined from gas chromatograph in

accordance with EN 14103: 2003 using methyl hetadecanoate (C17:0) as an internal

Where

ZA is the total peak

Agis the peak area correésp

X# noate

C, is the concentration, in of m decanoate solution being used

V,, is the volume, in of the methyl-haptac olution being used

m is the mass, in mg, 6

U

ﬂ‘UEl’J‘VIEWlﬁWEI']ﬂ?
Qﬁqﬁﬁﬂ‘iﬁuﬂ'ﬂﬂmﬂﬂﬂ
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APPENDIX C

ANALYSIS OF EXPERIMENTAL ERROR

In order to check the accuracy/ error of the experimental result, three samples
were tested at the same reaction conditions, i.e. 6:1 mol MeOH/ Qil, 1 wt% KOH, 60 °C,
10 minutes, 550 rpm, with 0.2 mol% THF cosolvent. The results are shown in the figure

below.

100

98 98.96
96 -
94

92

Mythyl ester content (%)

90 -

Fig. C1 Methyl ester conten at the same reaction conditions

s 4 ) . .
Reaction condition: 64 & ‘0 minutes, 550 rpm, without

9
Fromﬂe%%lré%m HNINYINT

- av age methyl ester c%ntent is 98. 65 wt%

Q Wﬂ Wﬂ@w N%ﬂ'ﬁ}%ﬂﬂq a?»ﬂ; 98.96 Wt% or

+0.31% error from the average value

cosolvent

- minimum methyl ester content (from experiment no. 2) is 98.15 wt% or

-0.51 % error from the average value

It can be concluded that if the different of methyl ester content from the
different experiment conditions is less than 0.81 wt% (98.96 — 98.15), the result can be

considered that these conditions yield the same methyl ester content.
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APPENDIX D

BOILING POINT ELEVATION OF MIXTURE

The solution of two or more components with different boiling point will have a
bubble point which can be calculated from the thermodynamics equilibrium between
vapor and liquid phases with the criteria on equality of temperature in both phases,
equality of pressure in both phases and equality of fugacity of each component in both
phases. In order to simplify the caleulation we will apply Roualt’'s law which is based on
the assumption that the vapor phase behaves.as ideal gas and liquid phase is an ideal
solution, i.e. gas component fugacity™is equals“to its partial pressure and liquid

component fugacity equals tefits.mole fraction multiplied by its vapor pressure.

-
Il

* *
X0 47 X000 .

_—

X = 1-% \ &
2 1 J

Vapor pressure is depéndgnt jon tgmperéftgrq, we will use Antoine equation for the
correlation of pressure and tempera_ﬂ;re. -";f-;,

pr = 10~ (A - BlitFe)) -
Where p* is vapor pressure in-m-Hg 4

T is temperattire-n-degree-C —

Upon substitution we arrive at the following expression

P = X *10°(A,—B/t+C))+ x,*10~(A, - B/(t+C,))
From the expeatimént| by Jéshua Hi etiall (Galvin [College ‘Engineering — 2008) Antoine
coefficients for soy oil, which will be used for the calculation as the data for stearin is not
available, areyA's 114785:B =+708.72:and C =+ 167 .48:
From Lange’s Handbook of Chemistry 15" Antoine coefficients for diethyl ether are A =
6.92032, B = 1064.07 and C = 228.80.
In the experiment we used 0.2 mole ratio for diethyl ether to methanol, 6:1 mol ratio of
methanol to stearin (0.14 mol DEE in 0.12 mol stearin) and P = 1 atm. By trial & error we

found that bubble point of the solution is 95.1 degree C.
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Sample No. Cosolvent Reaction Condition
Speed (rpm) Temperature (°C) | Time (min)

S01 - 60 10
S02 - 60 10
S03 60 10
S04 10
S05 10
S06 10
S07 10
S08 o 10
509 TAE 5
S10 15
S11 5
S12 10
513 15
S14 5
515 15
S16 5
S17 10
S18 15
S19 MTBE 250 60 5
S20 MTBE 250 60 10
S21 MTBE 250 60 15
S22 MTBE 250 60 5
S23 MTBE 250 60 10
S24 MTBE 250 60 15
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Sample No. Cosolvent Reaction Condition
Speed (rpm5) | Temperature (°C) Time (min)

S25 ETHER 250 60 5
S25 ETHER 250 60 10
S27 ETHER 250 60 15
S28 ETHER 25 60 5
S29 : 60 10
S30 60 15
S31 60 10
S32 60 10

2. Gas Chromatograg
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Analysis Date & Time :2/9/2552 13:47:58

User Name : Admin
Vial# 121
Sample Name : S01
Sample ID : UNK-0001
Sample Type : Unknown
Injection Volume :1.00
ISTD Amount :
Data Name - : DAACID\FA110.ged
Method Name : DAACID\FATTY ACID-2.gcm
Intensity
5000000

2500000

2,043/
[=~2.574/
3.000/

min

Peak# Ret.Time Area Height
1.488 82665851173118692

2.043 118316 4965" 0.000
2.574 575832 197509  0.000
3.000 30305 72630000
3.698 37360429 552
4494 12967032 215 "I

5570 2175006 315064  0.000
5971 12801259 1630830  0.000
6.593 2621189 4332&'2;. oooo
9201 113123 3 )

Cmpd Name

—
OO RONAAWNLDWN —

Total 895421002 83
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Analysis Date & Time :2/7/2552 10:45:52

User Name : Admin
Vial# 14
Sample Name 1502
Sample ID : UNK-0001
Sample Type : Unknown
Injection Volume 1 1.00
ISTD Amount :
Data Name : DAACID\FAS.gcd
Method Name : DAACID\FATTY ACID-2.gem
Intensity
4000000~ - R
3000000
2000000
1000000
] I
o 1B
] !
ARE R LA L LA LA L L L L L
0 1 2 3 12 13 14
min
Peak# Ret.Time Area Cmpd Name

ORIV B WN—

1.513 742341323 93669805 ..

2.088 91865 310
2.636 485489 p.0op I 4

3.772 29214648 4603598 0.000 Y]
4584 9403185

5.723 1484895 3 m

6.101 10060612 1006489  0.000

6.773 2761908 236659 0.000

9.509 69389 64402 0.000

Total

795”?111%'.]%&7]5?!8'11‘]‘5
’QW’]&Nﬂ‘iﬂJ UAINYA El
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Analysis Date & Time : 3/9/2552 15:44:03

User Name : Admin
Vial# 129
Sample Name 1503
Sample ID : UNK-0001
Sample Type : Unknown
Injection Volume :1.00
ISTD Amount :
Data Name : DAACIDVFA118.gcd
Method Name : DAACID\FATTY ACID-2.gcm
Intensity
5000000
2500000-
. GRS
|
N ——— IRRNRRRRERARLY T
i 0 1 2 3 10 11

min

Peak# Ret.Time  Area Height  Conc.  Unit Mark |

1 1.488 868958265 7¢

2 2.039 104711

3 2.568 274963 231796 0.000
4 2.993 245429 583 0.000
5 3.697 31999349 5708@ 0.000
6 3.849

L uﬁﬁl n wmn‘z
8 5.567 232

9 5.970 14310 1712107 0 000
10 6.323 58862 12238

11 6.590

12 7.074

13 7.699

14

9.186 134038 19146 0 000
Total 92990345 890582418

56



Analysis Date & Time :3/9/2552 15:16:45
User Name : Admin
Vial# 127
Sample Name : S04
Sample ID : UNK-0001
Sample Type : Unknown
Injection Volume : 1.00
ISTD Amount :
Data Name : DAACID\FA116.ged
Method Name : DAACID\FATTY ACID-2.gecm
Intensity
5000000
2500000
0 L N A ‘
T [T ‘
i 0 1 3 10 11
min
Peak# Ret.Time Area Cmpd Name
1 1.487 832823568 03448812
2 2.038 114595
3 2.566 575173 e
4 3.695 30592515 5 ~0.000 1‘
5 3.846 1025813
6 4485 9877600 3 m
7 5.565 2265248 93 0.000
8 5.969 9680972 1708217 0.000
9 6319 36814 0.000 Ti.}‘
10 6.588 245
§ i EE BN
12 7.694
13 9.176 1291 19412 0. 000‘
Total

TRTaYh I wnwmaﬂ
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Analysis Date & Time :15/7/2552 12:19:47
User Name : Admin
Vial# 117
Sample Name :S05
Sample ID : UNK-0001
Sample Type v : Unknown
Injection Volume :1.00
- ISTD Amount :
Data Name : D\ACID\FA32.gcd
Method Name : DAACID\FATTY ACID-2.gcm
Intensity
4000000~ 2 2
3000000—_
2000000
1000000
o R
T A AR AR LR AR LRI RLER LR LR LA LR LAl
i 0 1 2 3 4 12 13 14
Peak# Ret.Time Area Height Cmpd Name

1 1.513 754523298 00356839 =

2 2.084 79481

3 2.629 422132 e,

4 3.750 24800226 06— 0.000 1.__‘

5 4.565 9082917 64

6 5.689 1360509 1 :*:i‘ 98 m
-7 6.065 8975315 1035502 0.000 V

8 6.731 1852793 227969 0.000 V

9 9.444 64247 6580 0.000

Total

8°116F1u“ﬁf’3°flﬂﬂﬁwmﬂ‘i

’Q’maﬂﬂ‘im UAINYA El

min
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Analysis Date & Time :2/7/2552 10:12:36

User Name : Admin
Vial# 22
Sample Name : 806
Sample ID : UNK-0001
Sample Type : Unknown
Injection Volume :1.00
ISTD Amount :
Data Name : DAACID\FAG6.gcd
Method Name : DAACID\FATTY ACID-2.gem
Intensity
4000000
3000000
2000000~
1000000
0 ] ¥§ 7 l[
0 1 12 13 14 15
min
Peak# Ret.Time Area Height Cmpd Name

1.512 755023194 09409 173

2.085 89070 ]
2632 477013 422237 0000
3773 28558120 4322330——0:000 Y]

4.582 8953322
5.718 1555019 19 .{'
6.102 9755963 11 15167 0.000 'V
6.766 2031817 841 0.000 V

9.496 73553 0.000

R ummmw 8IN3
q RIAINTNUNRIINYIS El

NO OO IO\ BN —
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Analysis Date & Time :2/7/2552 9:55:57

User Name : Admin
Vial# 01
Sample Name : 807
Sample ID : UNK-0001
Sample Type : Unknown
Injection Volume :1.00
ISTD Amount :
Data Name : D:\ACID\FAS.gcd
Method Name : DAACID\FATTY ACID-2.gem
Intensity
4000000
3000000
2000000
1000000
0 LR, }
i ]rlnl ||||n||| T
i 0 1 2 3 12 13 14
) [ i min
;Peak# Ret.Time Area Height mit Mark ID# Cmpd Name
1 1.513 749587239 97562063
2 2.086 93137 39¢
3 2.633 497299 124749~ 0.000 RS
4 3775 29530266 4333071 0.000 Y |
5 4,584 9253552 1
6 5717 1619443 v] m
7 6.103 10139071 0.000 V
8 6.765 2107263 2520 0.000
9 9.497 79835 0.000

R TJ"EF”NIEW]?W gIn3
q RIAINTUNAIINYS El
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Analysis Date & Time : 15/7/2552 12:36:30

User Name : Admin
Vial# - 118
Sample Name 1 S08
Sample ID : UNK-0001
Sample Type : Unknown
Injection Volume :1.00
ISTD Amount :
Data Name - :D:)\ACID\FA33.gcd
Method Name : DAACID\FATTY ACID-2.gem
Intensity
5000000 = 3
4000000
3000000
2000000~
1000000~
0 L5 3
_""l""l“"l """" [ARRR) AL AL
i 0 1 3 12 13 14
‘ min
;Peak# Ret. Time Area Height Cmpd Name

1513 747796657 01081924 0.0

1

2 2.084 86040 35638

3 2.627 470913 . 87 0.000 N, A

4 3.762 29514891 4555544—0:000 iy J
5 4.566 9210193 13 :

6 5.691 1677922 j

7 6.080 10452503 1241472 0.000 V

8 6.734 2036452 26 500 0.000 V

9

9.438 80672 8563~ 0.000

8°13”Ffﬂ°ﬁﬁ’l°flﬂﬂ§°ﬂﬁl'1ﬂ‘i
q RIAINTNUNAIINYS El
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Analysis Date & Time : 19/6/2552 9:01:29
User Name : Admin
Vial# 1
Sample Name : S09
Sample ID : UNK-0001
Sample Type : Unknown
Injection Volume :1.00
ISTD Amount :
Data Name - : DAACIDVFATL.ged
Method Name : DAACID\FATTY ACID-2.gecm
Intensity
3000000~ } .
2000000
1000000 g
. \ ‘1
] o
T - 3 L “\
A Lg 2 ’ \ ! \
0 N .;_L
T

Peak# Ret.Time

Area Height Cmpd Name

1 1483 800935013 34888474
2 2052 96363

32590 487334 .-©1284 0000
4 3681 27142500 299851607000 4
5 4485 9448479 834 :

6  5.608 1290466 127144 @
7 5957 9697322 730511  0.000 V

8  6.633 2997747 1840 £ 0.000 V

9 9319 50770 4382~ 0.000

Total

'“z”ﬂ“ﬂﬁ’lﬂﬂﬂiw 8IN3
q RIAINTUNRIINYIS El

min
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Analysis Date & Time

User Name
Vial#

Sample Name
Sample ID
Sample Type

Injection Volume

ISTD Amount

Data Name
Method Name

Intensity

1 19/6/2552 9:44:48
: Admin

:3

:S10

: UNK-0001

: Unknown

- 1.00

: DAACID\FA3.ged
: DAACID\FATTY ACID-2.gcm

3000000

2000000

1000000

1.484/

EOS 1/

3.6771

e 4479/

Cmpd Name

Peak# Ret. Time Area Height
1 1.484 791093832 27107594
2 2.051 86170 54
3 2.588 472231 88618  0.000 — %
4 3.677 27719643 3 0.000 1:""
5 4479 9456039 ~§ .
6 5.597 1194851
7 5.948 9608988 7 75 0.000 V
8 6.623 2956468 18 528 0.000 V
9 9.299 52263 410=. 0.000

Total

QW’]&Nﬂ‘iﬂJ UAINYA El

84264F1'UETTJVIEW]§WEﬂﬂ§

min
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Analysis Date & Time : 19/6/2552 10:06:28
User Name : Admin
Vial# 14
Sample Name :S11
Sample ID : UNK-0001
Sample Type : Unknown
Injection Volume : 1.00
ISTD Amount :
Data Name : DAACID\FA4.ged
Method Name : DANACID\FATTY ACID-2.gecm
Intensity
3000000
2000000
1000000
0 A |
T T i
i 0 20
Y min
Peak# Ret. Time Area Height Cmpd Name
1 1.484 790265173 30073798
2 2.050 95563 8
3 2.587 489256 _-92860  0.000 I %
4 3.679 28194837 89 0.000 i‘“
5 4.479 9560385 * .
6 5.597 1255875 ' 7540
7 5947 10037933 745573 0.000
8 6.621 3009520 188 684 0.000 V
9 9.297 55118 0.000

Total

QW’]&Nﬂ‘iﬂJ UAINYA El

84296ﬁﬁ%1’?°f|&lﬂ§°ﬂmﬂi
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Analysis Date & Time :15/7/2552 11:13:08

User Name : Admin
Vial# 113
Sample Name :S12
Sample ID : UNK-0001
Sample Type : Unknown
Injection Volume :1.00
ISTD Amount :
Data Name : DAACID\FA28.gcd
Method Name : DAACID\FATTY ACID-2.gcm
Intensity
5000000

2500000

0 S

(AL A L LAY LR LRLARY RARAS LALR) EALLSLARAY LAY
0 1 3 12 13 14
gt ol min

Peak# Ret.Time Area Height . Mark ] Cmpd Name

1 1.513 746380692 00787331 ] S5

2 2.083 124507 4529

3 2.626 638409 1

4 3.780 34669883 - 0.000

5 4.566 12253507 13 :

6 5.698 2126162 -"l 7

7 6.104 13400412 1508282 0.000 V

8 6.745 2777501 369516 0.000

9 9.437 101442 0.000

8‘247ﬂ5ﬂ6ElQ7IE17]§W 8N3
! RIAINTNUNRIINYIS El
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Analysis Date & Time : 6/8/2552 10:44:08

User Name : Admin
Vial# : 8
Sample Name :S13
Sample ID : UNK-0001
Sample Type : Unknown
Injection Volume 1 1.00
ISTD Amount :
Data Name + D\ACID\FA41.gcd
Method Name : DAACIDFATTY ACID-2.gcm
Intensity
5000000—_ § 3
4000000
3000000
2000000
1000000~ ,
o] S
- !
A Mk A LA L T R R
; 0 1 2 3 12 13 14
. i3 ; min
;Peak# Ret.Time Area Height ; fark | Cmpd Name
1 1.487 808612329 51738306 _ 0.000° . -
2 2.046 105591 . 38040 00"
3 2.577 532408 135452 1000
4 3.189 86659 i 27 0.000 'V
5 3.690 30775131 46020
6 4477 10269785 1445506
7 5.572 1706670 224856 0.000
8 5956 11075486 1277642 0.000
9 6.593 2301722 2979834,
10 9.223 83750 8845~
Total 8655495

AN TUNM NN Y

o
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Analysis Date & Time : 6/8/2552 11:00:45

User Name : Admin
Vial# 19
Sample Name :S14
Sample ID : UNK-0001
Sample Type : : Unknown
Injection Volume :1.00
ISTD Amount :
Data Name :DAACID\FA42.gcd -
Method Name : DAACID\FATTY ACID-2.gcm
Intensity
5000000~ i s 5
4000000-] |
3000000
2000000
1000000 ‘
. 3 & 1\
0 L‘:’ A
. !
| LA AL LR L L ST A ;

6.593 2374199 30 689 0.000
9.219 85957 0.000

- R mmmwmm
q W’]&Nﬂ‘im UAINYA El

12 13 14
min
;Peak# Ret.Time Area Height Cmpd Name
1 1.487 808450139 54372731
2 2.045 112886 408 T
3 2.576 550587 139386 0000 4
4 3.688 30325493 4581149 —0.000 Y J
5 4.475 10267114 1 .
6 5.570 1735706 2 25764
7 5.956 11273745 1299075 0.000 \
8
9
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Analysis Date & Time : 15/7/2552 12:03:05

User Name : Admin
Vial# 116
Sample Name : S15
Sample ID : UNK-0001
Sample Type : Unknown
Injection Volume :1.00
ISTD Amount o
Data Name : DAACID\FA31.gcd
Method Name : DAACID\FATTY ACID-2.gcm
Intensity
4000000
3000000-
2000000
1000000
o ILE
] T "‘|'” TrrT | T ] T :
0 1 3 12 13 14
et min
Peak# Ret.Time Area Height OI1¢ lark 1D# Cmpd Name
1 1.512 753106509 02798843 00
2 2.083 99810 45¢ 0.000
3 2.627 467569 80  0.000 ) R, A
4 3.759 29548289 4422467  0.000 1.__‘
5 4.561 9134218
6 5.691 1631758
7 6.073 10344322 0.000 V
8 6.730 2057657 254688 0.000 V
9 9.437 81064 7912 0.000

SRR ﬂﬂﬂﬁ“ﬂﬂﬂﬂ‘i
q RIAINT UAINYA El
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Analysis Date & Time : 15/7/2552 11:29:48
User Name : Admin
Vial# 114
Sample Name : 816
Sample ID : UNK-0001
Sample Type : Unknown
Injection Volume : 1.00
ISTD Amount :
Data Name : D:\ACID\FA29.ged
Method Name : DAACID\FATTY ACID-2.gem
Intensity
4000000 |
3000000
2000000
1000000
. ]
-"''I""|""l""|""l"'I IR |

0 1
Peak# Ret.Time Area Height Cmpd Name
1 1.513 755923819 03892731
2 2.084 90844 329
3 2.629 476444 119155
4 3.758 28292780 Hf B60—0:000—
5 4.565 9132400 12308
6 5.692 1533375 i g
7 6.074 10099913 1135977 0.000
8 6.736 2102368 25 717 0.000
9 9.443 72341 0000
Total

QWWﬁﬁﬂ‘imﬂmﬂﬂEﬂﬂﬂ

8°”2‘F"|"11EI’EI‘VIEW15WEI’1ﬂ§
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Analysis Date & Time :15/7/2552 10:56:29

User Name : Admin
Vial# 112
Sample Name 1817
Sample ID : UNK-0001
Sample Type : Unknown
Injection Volume - :1.00
ISTD Amount :
Data Name : DAACID\FA27.ged
Method Name : DAACID\FATTY ACID-2.gem
Intensity '
4000000~
3000000
2000000~
1000000~
0] LR R
. !
i T I TITTTTTTTprTe T BN R HLARRY AR RAL
i 0 1 2 3 12 13 14 15
. X A min
;Peak# Ret.Time Area Height - fark 1D# Cmpd Name
1 1.512 755471000 07007616 . i
2 2.084 92117 33818
3 2.628 478482 | 1 ) ..
4 3.758 28308578 12— 0.000 1.,__‘
5 4.565 9202235 1
6 5.691 1551850 l”i
7 6.074 10055528 0.000 V
8 6.734 2085945 25 424 0.000 V
9 9.439 76782 7588e. 0.000

o THUEEN ﬂﬂﬂﬁ“ﬂﬂﬂﬂ‘i
q RIAINTNUNAIINYIS El
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Analysis Date & Time : 15/7/2552 11:46:27

User Name : Admin
Vial# 115
Sample Name :S18
Sample ID : UNK-0001
Sample Type : Unknown
Injection Volume :1.00
ISTD Amount :
Data Name : DAACIDVFA30.gcd
Method Name :DAACID\FATTY ACID-2.gcm
Intensity
4000000
3000000-
2000000
1000000
o CE
- |
| |ARA LR LAY LARRP RARRY AR T [AARAY RARAN RCARF LR
q 0 1 2 3 12 13 14
' min
;Peak# Ret. Time Area Height Cmpd Name

1.512 753629198 02778230
2.083 91654 4
2.627 478187 1 6 0.000
3.759 28626516 7 0.000
4.565 9207621 1
5.690 1581111 "
6.073 9969249 69 0.000 'V
6.732 2067139 265963 0.000 V
9.435 74127 7732, 0.000

8°572ﬁﬂﬁlﬁ°fltmﬁw 8InN3
q W’]ﬁﬂﬂ‘im UAINYA El

|l

OO R W —

71



Analysis Date & Time :2/9/2552 13:14:39

User Name : Admin
Vial# . ;19
Sample Name :S19
Sample ID : UNK-0001 .
Sample Type : Unknown
Injection Volume : 1.00
ISTD Amount :
Data Name : DAACID\FA108.gcd
Method Name : DAACID\FATTY ACID-2.gcm
Intensity
5000000

2500000
0 & T = / =
T BN LS LR LR LA LA LERLS LA RN RS AR LARRI RN LI FALRNLEREE LA RERL) CERRNRREL LARAAN RARLN LA LARL) LARLS LRREN AN
; 0 1 2 3 12 13 14
i . g y min
;Peak# Ret.Time Area Height i Cmpd Name
1 1.488 827613706 73534565 0C
2 2.043 106554 - 4 DO
3 2.573 549144 190179  0.000 .
4 3.000 34440
5 3.693 31754333
6 4479 10468119 1848
7 5.565 2014176 3042 0.000
8 5.957 11324711 1518989 0.000
9 6584 2332394 387254:. 0.000
10 9.195
11 13.622
Total

’QW']ENﬂ‘iELJ UAINYA El
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Analysis Date & Time : 6/8/2552 11:00:45

User Name : Admin
Vial# 19
Sample Name : 820
Sample ID : UNK-0001
Sample Type : : Unknown
Injection Volume :1.00
ISTD Amount :
Data Name :DAACID\FA42.gcd -
Method Name : DAACID\FATTY ACID-2.gcm
Intensity
5000000~ i s 5
4000000-] |
3000000
2000000
1000000 ‘
] ; £\
0 L‘:’ A
7 !
| LA AL LR L L ST A ;

6.593 2374199 30 689 0.000
9.219 85957 0.000

- R mmmwmm
q W’]&Nﬂ‘im UAINYA El

12 13 14
min
;Peak# Ret.Time Area Height Cmpd Name
1 1.487 808450139 54372731
2 2.045 112886 408 T
3 2.576 550587 139386 0000 4
4 3.688 30325493 4581149 —0.000 Y J
5 4.475 10267114 1 .
6 5.570 1735706 2 25764
7 5.956 11273745 1299075 0.000 \
8
9
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Analysis Date & Time :2/9/2552 13:31:19
User Name : Admin
Vial# 120
Sample Name 1821
Sample ID : UNK-0001
Sample Type : Unknown
Injection Volume :1.00
ISTD Amount :
Data Name : D:\ACIDVFA109.gcd
Method Name : DAACID\FATTY ACID-2.gcm
Intensity
5000000
2500000
o ILEGE
: 0 1 2 4 13 14 15
f min
‘Peak# Ret.Time  Area Height
¢ 1 1.488 834774712 77638284
2 2.043 118324 . 50709
3 2.573 589372 179 )
4 2.999 30098 0000
5 3.693 32627277 5379:
6 4478 10720408 1884046
7 5.565 2119856 315079 0.000
8 5965 12507103 1607171 0.000 \%
9 6.588 2593499 426765 0.000 V
].0 9.194 2 SO -’:“: U

Total

AN TUNNINGA Y
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Analysis Date & Time :2/7/2552 10:29:14

User Name : Admin
Vial# 3
Sample Name 1822
Sample ID : UNK-0001
Sample Type : Unknown
Injection Volume :1.00
ISTD Amount :
Data Name - : DAACID\FA7.ged
Method Name : DAACID\FATTY ACID-2.gem
Intensity
3000000 - 5
2000000
1000000
| : oz !;
0 S
- |
AARAN R ALER) LR AR AARRY T T AL LA LR
i 0 1 2 3 12 13 14 15
) s ] min
;Peak# Ret. Time Area Height = Aark ] Cmpd Name
1 1.513 757243170 08278370 i
2 2.084 54641 3 X
3 2.631 286226 - 80  0.000
4 3.740 28659112 - 0.000
5 4.576 8774653 1
6 5.702 984470 i
7 6.062 6176289 74363 0.000 'V
8 6.745 1103337 134 139 0.000 V
9 9.487 50596 4912 0.000

o TR ‘VIEW]?W 81N3
q RIAINTUNAIINYIS El

75



Analysis Date & Time :2/9/2552 14:04:38

User Name : Admin
Vial# 122
Sample Name 1823
Sample ID : UNK-0001 .
Sample Type : Unknown
Injection Volume :1.00
ISTD Amount :
Data Name : DAACIDVFAT11.ged
Method Name : DAACID\FATTY ACID-2.gcm
Intensity
5000000
2500000
0 L2
i 0 1 12 13 14
: 2 : min
JFeakét  RetTime  Area Height n 1; Cmpd Name
1 1.487 826104685 75373151
2 2.042 120961 5370
3 2.572 598854 194073  0.000 —
4 2.998 35599 02 0.000 ——
5 3.700 34890373 56746
6 4488 11826982 211140
7 5.570 2327905 344081 0.000
8 5977 13522284 1738641 0.000
9 6.594 2779452 488141, 0.000
10 7.710 83 372 D00
11 9.196 124094 | 115
Total 89236 126 86008866 :

AN TUNM NN Y

76



Analysis Date & Time :2/9/2552 14:22:06

User Name : Admin
Vial# 123
Sample Name 1824
Sample ID : UNK-0001
Sample Type : Unknown
Injection Volume 1 1.00
ISTD Amount :
Data Name : DAACIDYFAT12.ged
Method Name : DAACID\FATTY ACID-2.gcm
Intensity
5000000
2500000

o
1
g
25737

Y

Peak# Ret.Time Area Height ne Mark TD# Cmpd Name
1.488 825262687 73762180 y
2.043 109722 494

2.573 561478 1 B ¥
3.693 31297857 28— 0.000 ;"
4.481 10527344 1 g,

5.568 2053457
5965 11982817
6.589 2483140

3j 0.000 m
Y ”“immwmm
amaﬂﬂimum'swmaa

OO\ W BN —

min

7



Analysis Date & Time :2/9/2552 15:30:24
User Name : Admin
Vial# 128
Sample Name - 825
Sample ID : UNK-0001
Sample Type : Unknown
Injection Volume 1 1.00
ISTD Amount :
Data Name : D:\ACID\FA117.ged
Method Name : DAACID\FATTY ACID-2.gc
Intensity
5000000
2500000
0 IR
—lllll I |lll|l||l| TTTTIT T T [llll‘llll| fl’ T T
i 0 1 2 10 11
min
Peak# Ret.Time Area
1 1.487 83123047075
2 2.042 114931
3 2.572 574195 175 0 0.000
4 3.692 322266 8 52 ﬂ 0 00
5 4478 1074
6 5.563 207
7 5960 1210 1573316 O 000
8 6.586 25051 416081 0.0004
9 9.194 . 0

Total
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Analysis Date & Time : 2/9/2552 15:44:03
User Name : Admin
Vial# :29
Sample Name 1526
Sample ID : UNK-0001
Sample Type : Unknown
Injection Volume :1.00
ISTD Amount :
Data Name : DAACIDVFA118.gcd
Method Name : DAACID\FATTY ACID-2.gcm
Intensity
5000000
2500000
0 i N & s
EAASLARALY AR ALY AR AR AN [T
J 0 1 2 3 9 10
Peak# Ret.Time Area Height Cmpd Name
1 1.488 868417773 79583135
2 2.039 111420 598
3 2.568 565020
4 2.993 30074
5 3.697 31024503
6 3.849 814338
7 4486 10428743 65 0.000
8 5.567 2297221 39 893 0.000
9 5.970 11867109 1712107, 0.000
10 6.323
it ok N STRRRE
12 7.074 51
13 7.699 7038 0.000
14 9.186 134038 19146 0. 000‘

= tedtim iy

min
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Analysis Date & Time

1 2/9/2552 15:16:45

User Name : Admin
Vial# 127
Sample Name :S27
Sample ID : UNK-0001
Sample Type : Unknown
Injection Volume : 1.00
ISTD Amount :
Data Name : DAACID\FA116.ged
Method Name : DAACID\FATTY ACID-2.gecm
Intensity
5000000
2500000
0 e 2
fre S ARRRE RS AR SRS AL ‘
i 0 1 3 9 10 11

Peak# Ret. Time

Area Height Cmpd Name

I 1487 862616996 03448812
2 2038 114595 \
3 2.566 575173 4
4 3695 30592515 5 Y]
5 3846 1025813 t
6 4485 10412986 21 3 m
7 5565 2265248 93 0.000
8 5969 12052158 1708217 0.000
9 6319 36814 0.000 Tiu
10 6.588 245
§ R N e
12 7.69%4
13 9176 1291 19412 0.000..

Total

RTaYh I wnwmaﬂ

min



Analysis Date & Time
User Name

Vial#

Sample Name

Sample ID

Sample Type
Injection Volume
ISTD Amount

Data Name
Method Name

Intensity

1 2/9/2552 14:49:29
: Admin

125

1 S28

: UNK-0001

: Unknown

:1.00

: DAACIDYFA114.gcd
: DAACID\FATTY ACID-2.gem

5000000
2500000

1.488/
3.691/

2044/
25741

9.198/

:Peak# Ret. Time

10

Area Height Cmpd Name

1 1488 83472621976752134
2 2.044 114785 4794
3 2574 569391 170473 0000
4 3691 31766455 SVI7077 0.000 Y
5 4477 10431885
6 5565 2028979 m
7 5961 12041473 1590 0.000 V
8  6.588 2480936 398828 0.000 v
9 9.198 105298 13005z%.  0.000

Total

’Q’maﬂﬂ‘im UAINYA El

”“”ﬂﬂﬁ?“ﬂﬂﬂﬁwmﬂ‘i

11

min
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Analysis Date & Time
User Name

Vial#

Sample Name

Sample ID

Sample Type
Injection Volume
ISTD Amount

Data Name
Method Name

Intensity

:2/9/2552 15:03:07
: Admin

126

: S29

: UNK-0001

: Unknown

: 1.00

: DAACID\FA115.ged
: DAACID\FATTY ACID-2.gem

5000000
2500000-

2,043/
= 2573/

1.488/
3.693/

9.198/

Peak# Ret. Time

b RS

Area Height Cmpd Name

1 1488 834409209 78747981
2 2043 116191
3 2573 572558 197822 0000
4 3693 31969107 0.000 Y]
5 4481 10803333 '
6 5567 2083034 3069
7 5965 12308477 1601172 0000 SV

8 6590 2554422 428 868 0.000 v
9 9198 109532 13633e. 0.000

10

Total

R ‘VIEW]iW BN

QW']ENﬂ‘iElJ UAINYA El

11

min



Analysis Date & Time : 2/9/2552 14:35:50
User Name : Admin
Vial# 124
Sample Name 1830
Sample ID : UNK-0001
Sample Type : Unknown,
Injection Volume :1.00
ISTD Amount :
Data Name : D)A\ACID\FAL13.ged
Method Name : DNACIDFATTY ACID-2.gcm
Intensity
5000000
2500000
0 1 2 3 10 11
i min
Peak# Ret.Time Area Height il Cmpd Name
1 1.488 825801937 74556342 {
2 2.042 116512 -
3 2.572 592348 .18 0.00C
4 3.695 32697168 5 9 0.000
5 4481 10746058 1¢
6 5.568 2117537 310208
7 5971 13080052 1677557 0.000
-8 6.593 2708443 459846 0.000
9 7.709 38211
10 9.195 112790 ¢
Total 888011056

AN TUNM NN Y
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: 23/9/2552 12:20:5

Analysis Date & Time 6
User Name : Admin
Vial# 5 |
Sample Name : 831
Sample ID - UNK-0001
Sample Type : Unknown
Injection Volume =100
ISTD Amount 3
Data Name : D:\ACID\FA120.gcd
Method Name : DAACID\FATTY ACID-2.gem
Intensity
]
4000000— '
3000000
2000000~
1000000
0._ — AN .
| Aaaiaatassiasssaassssassaaass) ik Ad ARAS LALS RAAANRARAS EAARRMN
0 1 2 3 9 10 11
min
Peak# Ret.Time Area Height D# Cmpd Name
1 1.498 841365412 59912699 -
2 2.067 102835 353
3 2.607 516430l
4 3.729 2001728 | T Sstiart——ttti
S 4529 10324640 3"-
6 5.641 1703747 2
7 6.026 11254661 6554 0.0
8 6.675 2321611 31735 0000
9 9.344

Total

’QW']&\‘lﬂiﬂJMWl’mEﬂaEJ

*”ﬁ*‘iﬁﬁﬁomw TGk
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Analysis Date & Time
User Name

Vial#

Sample Name

Sample ID

Qamnla Tune
A IIPIH s JPV

Injection Volume

:23/9/2552 12:34:35

: Admin

i

=582

: UNK-0001 "
: Unknown

: 1.00

ISTD Amount
Data Name : D:\ACID\FA121.ged
Method Name : DAACIDVFATTY ACID-2.gem
Intensity
E g
2 S
4000000~
3000000
2000000
]
1000000
] g @ B
0 IR P =
LLALEL | "|" I""l""l""_"[‘ Ir"|""|""
0 ! 2 10
Peak# RetTime  Area  Height COmc——tmithiame Cmpd Name
I 1499 861831613 80169979 2k ]
2 2066 107481 g 3736
3 608 538943
4 3726 30440893
5 4523 10266877
6 563 1711736
7 6017 11144708 1188326 0000 .
8§ 6669 2289799 261481  0.000 N
9 9337

Total

~HuFAINEnIngIns

RRRAN RRARE RARR

11

AN TUNNINGA Y

min
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