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(THF), Methyl hyl ether (DEE) was used as a

cosolvent due 16 thelld ethanbl and WCO, cheap price, non-

toxic, inert to the re, ’;,x om the product due to their boiling

poin ﬂj‘cl ol. : E(‘ by using methanol to
050 VRl -Hee-by-mele—ihe-expenment-resul i3 assium hydroxide 2.6

)

wt% is Sejpbles s,k 400 rpm found that the

|
pethyl ester contents obtained from the reactighliat 60 degree Celsius, 30

minutes wer‘g % for the reaction mﬂWusulvent While methyl ester contents
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CHAPTER |

INTRODUCTION

1.1 Background

cgs as well as the negative environmental

/r is a renewed interest in alternate

- of fossi &@ materials are limited, it has

stimulated active rest in rﬂtpetr@#&u‘?ﬁble, and nonpolluting fuels.
#’J’P—V - L 'V -

Biofuels are the abl 2€,0f ¢ : e f ' future and can still form

the base for s

With the depletion

impact associated with t

energy sources. As

ic and environmental

concerns. Biodie es. It can be produced

-

from renewable sougd®s glichl af e gets isieriapimahfats. Although this fuel has
gained worldwig” recggnifionifor ranys it IS0t Gavidely commercialized
W Y

mainly because it igf o expPensive 1}.4# etroleun L% cheaper feedstock, such
i / i \
as waste cooking oil, ay e; :o;r SeondnicSYof biodiesel (Issariyakul,
L ! A ,
/ \ \
2007). However, dugto the pre chce -? u ber @ i pufities, a better technology is
. WS
needed if a low quality f@edstoeksiS=to-be-ti produce biodiesel.
: e ’ .
Alkaline catalysts ---':*-".’i:.rr" OH are the most commonly used in

I L

transesterification since the _,,- *.- than an acid-catalyzed reaction.

However, @ 77777777777 _ @reasa is used, the

i

reaction is ttev

B!

umes catalysts and

1k

creates soap Jp re ditfiﬂy in separating the by-
L]

product glycefot from biodiesel, which ultimately reduces

ester yield. Although
acidcagtalyzed trarge“flcatlon does not enCMer this problem, it requires a longer

h r reagtio| ratufe, and alco 0 ran rgactor. The use of a

two- “o acid/alkaline Catalyzed transesterification could be more suitable to produce

biodiesel from high FFA feedstock 9‘:h as waste cookingil

QRIaSHINANAINgaE

reaction can proceed faster if methanol is used due to its superior reactivity.
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However, solubility of oils in methanol is low, therefore transesterification is
limited by mass transfer. Ethanol, on the other hand, possesses higher solubility and

reduces the effect of the mass transfer limitation. In addition, ethanol can be produced

from renewable resources su - , corn, and cassava thereby reducing
dependency from petrol ﬂage of using ethanol involves the

strong emulsion for sesterific uses difficulty in the glycerol

n b@directly with gasoline for

separation process. Ver anol .
i_,_a-r""

petrol fuel.

iodiesel from waste

cooking oil using . rific hOck sShwitgimixture of methanol and

;“ "'r / % . .
esel esters fro \.!‘ aste,co g oil and methanol in a
v } \ \
&' batch reactor system \
\h

tefification reaction consisting

| |
e tra 5

ent, mixing speed, reaction
time and.ten

2 7))

1.3 Scope k

e factors affect to

1.3.1

AUEANENENEANT

1.3.2 Type of cosolvent consisting of tetrahydrofuran (THF), methyl tertiary

concentration varyifig#ffrom 2.6 to 3.1 weight percent of

butyl ether (MTBE¥and diethyl ether

W UNRIINEIA Y
q 1.3.4  Stirring speed varying from 200 to 550 rpm.

1.3.5 Reaction time varying from 10 to 30 minutes.



1.4 Benefit of the Reseach

Process of biodiesel production from waste cooking oil with gives the highest

yield of methyl ester in the sho ¥ ss energy consumption and low capital

cost.

1.5 Research Met@

relevant to biodiesel

[ the experiment.

Whest8 using gas

AUEINEN NGNS
AN TN INGA Y



CHAPTER I

THEORY AND LITERETURE REVIEW

2.1 Biodiesel Production (Moser, 2009)

animal fats. Vege ‘rf"i";-w gmal @Clpally composed of

triacylglycerols W

prepared is known agt ' grification: Y . a TAG reaction

gs_ehemically bound to a

3§Dy which biodiesel is

with a short- , | i ~dleohok allyy in, esemee of a catalyst at
elevated temper _ ra \ \ n hglycerol (Figure 2.1).
The conversion of ] i é’ epwi ’ %8s whereby the alcohol

initially reacts wi . I___ | FABE and diacylglycerols

‘\\ .-"’, ol (alkoxide) to liberate
\

another molecule of FA J ter acylg "".1 ols (MAG, reaction, Figure

A

2.1). Lastly, MAG unrgo alcot erol and FAAE (reaction, Figure

2.1), with the combined ﬁ",-.-.a"mrfé"_: 3, as biodiesel. Three moles of

biodiesel n&on lycero Bycry gMole of TAG that

undergoes jCQH is reversible,

although the

reverse ' and glycerol, for
instance) is neMible largely because glycerol is not miscibleiwith FAAE, especially

fatty acid methyl e‘eﬁAME ) when using me@ol as the alcohol component. The

FULINUNINYINT.

most commonly used in the comme‘ml production of bi ﬁ iesel, since it is gener

ARIANTIWANTING o



Other alcohols aside from methanol and ethanol are also of interest for
biodiesel production because FAAE produced from higher alcohols may have

different fuel properties in comparison to methyl or ethyl esters (Knothe, 2005).

O
HI
..
s
HI
+ R O
Figure 2.1 Transesterlflca ;pu-yv; yIg| s i yield fatty acid alkyl esters

l)y.

Inexpahs| s, &bdium or potassium
e | 11l
hydroxide or mgthoxide are typically used in the commercial aration of biodiesel

from refined or ‘ oils. The classic aWolySB conditions described by

FUBANNINEINS:-

catalyst (with respect to TAG) at 60'0 for 1 h to prod fatty acid methyl es

R TIANIINGINY

differing origin have dissimilar fatty acid compositions (Table 2.1). The fatty ester
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composition of biodiesel is identical to that of the parent oil or fat from which it was
produced.

A recent report from International Grains Council in 2008 indicated that

rapeseed oil was the predominant f

edstock for worldwide biodiesel production in

*he leading vegetable oils

: I ._:
produced worldwide i , 2008 to September 30,

sunflower (11.68%MT)ef5. » isifgly or8ction and biodiesel
feedstock usa |
with location accof i  ainc=g lly, the most abundant
commodity oilg g Palc 5 ‘ e : %8 feedstocks. Thus,

rapeseed and suni ¢ IR : ‘_' al >d N Ur@pe biodiesel production,

]
§

gh, oil and animal fats are

palm oil predominate in

4 i 4 I# » 3 4 ‘i 4 o
most common in #he enimoas ' ) eyerMeven combining these
J ‘ i ‘f "|,' ‘
feedstocks do not s ifiice i ‘..-:J';.:-’" ,a-' ’ iUMEJof conventional petroleum

diesel fuel (petrodiesel). There --—ﬂ;-_-;— Of additional feedstocks for biodiesel

#’J "I:'
production has been. cent -"/ W

ﬂUﬂ’JVIEJVIﬁWEJ'm‘i
qmmmwmmmw
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Table 2.1. Typical fatty acid composition (wt.%)" of a number of common feedstock
oils” and fats that may be used for biodiesel production (Moser et al.,

2009)

Fatty acid® CO PO SB COO Cs0 CCO CF BT

Chei
CR:

= Othey

® From Gunstone an@fHa

present
b A Y g0 4 \ . .
CO canola (low erugl€ acidifapesee Qil) ‘oily ¢ ) sOybean oil, SFO sunflower oil,
j ; /

il, CR@hicken fat, BT beef tallow

COO corn oil (maize), CSQ o’:
F & "
° C6:0 methyl caproate, C8:0 firef ethyl caprate, C12:0 methyl laurate,

C14:0 methyl myristrate, C ﬂf"}f:’fj"h -;___,-' Q methyl stearate, C20:0 methyl

@jhyl oleate, C18:2

C 8:1
—r

;‘l h
- [

= ’
|
2.2 Advantageﬁg’rd Disadvantages of Biodiesel (Moser, 2009@
Biordiese_‘@ttracted considerabl@fiterest as an alternative fuel or
fiderforlip iese'fwngji ' coip“nﬂitﬂ(ﬁlﬁgines.
d@el’ls misCible with pefrodi€sel ‘In “any" proportion and possesses  several

technical advantages over ultra—lovéulfur diesel fuel , <15 ppm S), such§

QRIRINTUUNIINHIRY

q exhaust emissions. Important disadvantages of biodiesel include high feedstock

ex

Bio

cost, inferior storage and oxidative stability, lower volumetric energy content, inferior
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low-temperature operability versus petrodiesel, and in some cases, higher NO,
exhaust emissions (Knothe et al., 2008). However, feedstock acquisition currently
accounts for over 80% of biodiesel production expenses, which is a serious threat to

the economic viability of the biodiesel industry. One potential solution to this problem

is employment of alternative fegds %

needed to producefFAA i§fies held “ -H standards. If the
feedstock contaj ) sre6 ' typical homogenous
base catalysts suc > i "-'j. ' o:x"n methoxide will not be
effective as a resu t of T el side-| 4 ) (reaC | [1], Fig. 2.2) in which the
catalyst will react wit i s . A alt of fatty acid) and water (or

methanol in the case of so o‘::’;,jl yj

and resulti ’%‘N turd A @ap, DAG, MAG,
biodiesel, gl " - J fact, the base-

me e significantly retarded if
11
the FFA content/of the feedstock is 3 wt.% or greater (Canm and Van Gerpen,

eversibly quenching the catalyst

catalyzed tran

1999, 2001). For I‘t , Nearly quantitative ws of biodiesel are achieved with

Eﬁﬁ%ﬁiﬂﬁﬂﬂﬂmﬁ

an increase in FFA content to 5.3 .Y % (Naik et al., A further comphca

1 ANNIRIUMIING IR

the presence of any remaining catalyst, it can participate in hydrolysis with biodiesel

to produce additional FFA and methanol (reaction, Fig. 2.2).
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A common approach in cases where the FFA content of a feedstock is in

excess of 1.0 wt.% (Freedman et al., 1984; Zhang et al., 2003) is a two-step process
in which acid pretreatment of the feedstock to lower its FFA content is followed by

transesterification with homogenous base atalysts to produce biodiesel. In a typical

(Issariyakul et al., Kumartiweri et al. ( «efvgl. 2008; Naik et al., 2008;

+ H20 (or CH;0H)

A

R OCH;
Biodiesel

Figure 2.2 Formationg

ids (FFA ).:Wlth catalyst and
S\ -77 VSIS OF DIOaiesel 10 viela
Wi\ A
= | =
Despﬂé the added capttareostssassociated with pro@tion, the integrated

two-step process is being increasingly apphed to prepare biodiesel from low-cost
A

Taﬁﬂﬂﬁoﬂﬂﬂlﬁmﬂﬂﬂﬁs

vv|th h FFA content. Other potent? strategies for the production of biodiesel from

QRIRNATNRIINDTAY

materials, if present. However, feedstock refining further increases production costs

as a result of the additional equipment, time, and manpower that are required.
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Lastly, the employment of catalysts that are not destroyed by FAA in the production
of biodiesel is another alternative to the methods listed above.
Table 2.2 Examples of biodiesel production from feedstocks high in free fatty

acids (FFA) (Moser, 2009)

Feedstock FFA R Yield Ref

(wt %) (wt %)
Pongamia pinnata Me o7 Naik et al. 2008
Moringa oleifera Me nr.® Rashid et al. 2008
Jatrapha curcas . 00+ Kumartiwari et al. 2007
Madhuca indica " i O+ Kumari et al, 2007
Nicotiana tabacum i_.?;&ﬁ,———; o= ] o1 Veljkovic et al. 2006
Calaphyilum inopipd lum - g &35 Sahoo et al. 2007

Zanthoxylum bungeantm oF Zhang and Jiang 2008

Hevea brasiliensis n.r. Ramadhas et al. 2005

Heteratraphic mice Fr. Miao and Wu 2006

Acid oil 95 Haas et al, 2003

Fat from meat and hong'n Nebel and Mittelbach 2006
Brown grease < Ngo et al. 2008

Waste cooking oil Meng et al. 2008
Issariyakul et al. 2007
Park et al. 2008a, b
Demirbas 2008

774/97.6 Mariod et al, 2006

Waste fryer grease
Tung oil

Tall oil

Sorghum bug oil

* R refers to ester head gig®. Me g

® Acid value (mg KOH/E) was give : e | e cive Sk value I5 prior to prefreatment and the second is
after, . - ! L

“Not reported

4 Conversion to esters (wt %¥is pravigh instead off

2.4 Catalysts for Blodlesel

B%s d com ogen basic catalysts

such as i

transesterlﬂcatlﬁ re ( Eﬂd more complete
||

with these matgghls than with acid catalysts (Boocock et al.‘ 11996). The biodiesel

industry currently ‘e“dmm methoxide, sm(Wethomde cannot form water upon

AUBIMENANE NS

biodiesel production, albeit with hlwer methanol and (Kyst requirements ( L|

ARIANTIUANTIN, H18'

Prasad, 2000). Furthermore, base-catalyzed reactions are performed at generally

lower temperatures, pressures, and reaction times and are less corrosive to



11
industrial equipment than acid-catalyzed methods. Therefore, fewer capital and
operating costs are incurred by biodiesel production facilities in the case of the
base-catalyzed transesterification method (Freedman et al., 1986; Demirbas, 2008).

However, the homogenous acid- cataly ed reaction holds an important advantage

over the base-catalyzed methgel YR | ‘ rmance of acid catalysts is not
t, acids can simultaneously

catalyze both esterifieatio — , instance, FAME were

e — ' ‘
prepared from acid_oil,whi ed ow, by acid-catalyzed
transesterification at 652 PSC Sedamolar ratio of catalyst to oil)

~

w70 purity. The remaining

products consis ; 2 A \ ai AGL (0.2 Wt.%) (Haas et

A wig i nay ol FOMDI0dicsc™@roduction, such as
§ " I'I l_';.
esy sugars, lipases, ion exchange
€ .
resins, zeolites, and @thelf hateOgene ‘_ .\\ \Mgeneral, acids are more

appropriate for fe tgé 5 high "' \-- sly catalyzed reactions
generally require less ,’:""W tin _, and more complicated
purification procedures than - -Q:a atalyzed transesterification reactions.
Heterogeneous lipasg "’;?W aanol, so production of ethyl
orhighere S-more common with-en: Zy/I: : -,_)

Nohg&ic Jccomplished in

==t |r -
supercritical ﬂgﬂs such “high g&sure (45-65 bar),

temperature (350°C), and amount of alcohol (42:1 molar ratio) are required (Saka

ﬂmﬁmm nyns

that y very short reaction times (4 min, for instance) are needed, and product

e L Ry Tees)

energy and alcohol requirements during production, and increased capital

expenses and maintenance associated with pressurized reaction vessels (Saka and

Kusdiana, 2001; Demirbas, 2003, 2005, 2006; Kusdiana and Saka, 2004).
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2.5 Alcohols Used in the Production of Biodiesel (Moser, 2009)

As previously mentioned, methanol is the most common alcohol used in
the production of biodiesel. Other alcohols may also be used in the preparation of

biodiesel, such as ethanol, propanoly i ropanol, and butanol (Freedman et al.,

4#2007; Stavarache et al., 2008).

Ethanol is of particular+nt _-5 " Or. -:' i £ %53 expensive than methanol
i i Torlel-anc biod'xel p < f bio-ethanol is completely
—_— s

a

bio-based. Butan e*obtaiped frterials, thus yielding
completely bio-bas ' & \ :':‘¥ and iso-propanol are

normally produced‘ f] v etrof ical . : ethane obtained from
natural gas in_ : V

Methanolfis. Jihefclfssic=reae } ¥@hythe methanolysis of
vegetable 0|I or anjgial f ts w 1 | ;

catalyst (with regfect g0 T G), “‘1)‘/ 60° e O o mperature, and 1 h

)

ctha oI o%oil, 0.5 wt.% alkali

reaction time to progif &.‘ ”’ | (Frecdma ‘ al. 1984). A number of

recent studies have d ribedopiiT ,,.;:f g cond \ ns for biodiesel production
from various feedstod -;E‘Eﬂﬂ’;".f eth®tlology (RSM). Parameters

that are normally optimized te-oFodEce-the iodiesel include catalyst type and
)

amount, reaetjon tim itation intensity.

Please refetr=ter Table 2 30 g SUMIMary. =0 Blodiesel process

optimization emp|0y “Table 2.3 are the
==

following: Parkm al. (2008), Rashid and Anwar (2008),-"ang et al. (2008),

Cetinkaya and K@ anoglu (2004). A re enta- tive example of reaction

ﬁ UHINENINYINT:

0. 55 .% KOH, 60°C reaction temp?ature 5:1 molar ratlo of methanol to oil, and 24

AWIRNTIU T INTAY

conditions to that of Kumartiwari et al. (2007) and others listed in Table 2.3, as

discussed by Freedman et al. 1984.
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Table 2.3 Recent examples of optimization of reaction conditions for production of

biodiesel from various feedstocks using response surface methodology

Feedstock il or fat  Catalyst (wt %) Temp (°C) Time (min)  Yield (wt%)  Ref

Park lard 1.26 KOH 97 5 Jeong et al. 2009
Rapeseed 1.0 KOH 9596 Rashid and Anwar 200%
Sunflower 1.0 Na(H 97.1 Rashid et al. 2008h

98 Rashid and Anwar 2008
15 Bouaid et al, 2007
02 Sinha et al. 2008

= Meng et al. 2008
Kumartiwari et al. 2007
Ghadge and Raheman 2006
Meher et al. 2006b
Vicente et al. 2005

Safflower 1.0 MaCCH:
Jojoba

Rice bran

Waste cooking oil
Jatrapha curcas
Madhuea indica
Fongamia pinnata

Brassica carinata

Used frying oil Leung and Guo 2006
canola Leung and Guo 2006
Cottonseed Joshi et al. 2008a, b

Raphanus satives Domingos et al. 2008

“ temp temperatore of the
conducted

® Nat reported
“Conversion to esters (wt %) is
?Ethanol was used to producg

W intensity, time how long the reaction was

The transg@terifi€ation r6get RloyingiMiethgiol commences as two

immiscible phases asflf resdf=ei—t A A o\' ility of TAG in methanol.

lllustrative of this point is -‘- o soyean oil is soluble in 1 L of

methanol at 30°C ui,f::"‘; AS omogenous alkali catalyst is

essenhally@i 777777777 » t@eginning of the

nless sufficient

b

L]
methanol phas®4vhere it is rapidly converted into FAME and giy€erol, as depicted in

Fig. 2. The rate a‘V\n FAME are iroduced ung the transesterification reaction

AUBIREWINEIRT

convmn to FAME begins.
Once DAG and MAG mter‘edlates are formegigiigsufficient quantity du

QISR NEAR Y

biphasic system that consists of ester-rich (FAME) and glycerol-rich phases. The

alkali catalyst is preferentially soluble in the more polar glycerol-rich phase, which
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may result in a retardation of the rate of reaction (Mao et al., 2004). The glycerol-rich
phase settles to the bottom of the reaction vessel when agitation is ceased, which
facilitates purification of FAME.

As a result of the biphasic nature of the reaction mixture, there is a lag time

‘ t/ efore FAME begins to form, after
x/ tes (Freedman et al., 1984;
addmon

3

at the beginning of the meth\

sig

which the reaction speed

such as tetrahydrofuran

Cantl € he production of FAME

biliti §afor accelerating the

methanolysis J iop & g »t: c ; che et al., 2008)

irradiation. | -
G T' ,.;‘g“ﬁ’" i

Ethano/yS/s he l& cond ) f6 \ "'". is of vegetable oils or

w’" Oibil, 0.5 '°o atalyst (with respect to

h .‘ ction time to produce fatty

acid ethyl esters (FAEE) and glycerol (Free: Tet al. 1984). Ethyl esters have been
prepared frpm a numie tion as potential biodiesel
fuels (IssaR .v-li{‘ et al., 2007, _Stavarache ~=u-' mixtures of

methyl and ification reaction

§ —
was conductecMnh both ariyakul @I., 2007). As in the

case of methanol is, the ethanolysis reaction has been optimized using RSM

AN InYNSNEInT

sat|m0|l (Domingos et al., 2008) |n which 0.60 wt.% NaOH, 11.7:1 molar ratio of

gERLETIHT LT Tar o]

ethanol in this case varied considerably from the conditions initially reported by

Freedman et al. (1984).
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Ethanolysis proceeds at a slower rate than methanolysis because of the

higher reactivity of the methoxide anion in comparison to ethoxide. As the length of
the carbon chain of the alkoxide anion increases, a corresponding decrease in
nucleophilicity occurs, resulting in a reduction in the reactivity of ethoxide in
i plj enomenon is the transesterification
// d methanol (to provide an

overall molar ratio of-aléangl 1% of 6:1) tha =80°% more methyl than ethyl

comparison to methoxide. An ¢

(at 25°C) of canola oil w

—_— e
esters (Kulkarni et 9_]._,_20.01 %

Another exa sgsterii oiI at 25°C with a 1:1

mixture of eth : flethy fhat resul Moy cthyTester ratios of 2.7:1
and at 75°C wit g et i { St 2t Yeglits in methy! to ethyl

ester ratios of 1.3 > Sendieat® ‘thatyme Nasicrs are preferentially

formed at b ) fond atures but at elevated

temperatures, thegbrefafend® i im jst ef thBughtibe formation of ethyl

By

esters is comparativeldf slo ..-‘.v“-‘ al atioOf esters is faster than with

. \ I
e bett f TAG 'a xture of methanol and

methanol alone dy& to

ethanol, which results ‘H:JE.!PJ _ sfefimitations (Kulkarni et al.,
2007). For example, ultrasonfcally=assiste nsesterification of Melia azedarach
3 ' ¥

£ f"f"'_?:',.
(syringa) oil with methan = Apletesal ad with ethanol is complete

)

(FAEE) is more

after 20 mimy sspectively (Stavarache et al., -

-

==t
complicated ﬂlﬁj the pro

emulsions during e anonS|s is problematic durlng subsequent purification (Zhou et

aﬁwﬁmmwmmszz

fter agitation of the reaction has ceased. In ethanolysis, these emulsions are

ORI alat (L1213

so it is slightlymoremiscible with TAG at ambient temperature than methanol, but

ically, tqﬂ]ormation of stable

mechanical agitation during the transesterification reaction is once again required to

facilitate sufficient mass transfer between phases (Kulkarni et al., 2007).
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Butanolysis. The classic conditions for butanolysis of vegetable oils or

animal fats are 6:1 molar ratio of butanol to oil, 0.5 wt.% catalyst (with respect to
TAG), 600+ rpm, 114°C reaction temperature, and 1 h reaction time to produce fatty

acid butyl esters and glycerol (Freedman et al., 1984). Butyl esters have been

date, the butanolysis+«eagti ize RSM.

Wanimal fats because
it is significantly less _fan /me C _Sthano (Boocock et al., 1996).

are monophasic

throughout (Zh ‘ P Z2006a#D). e B ligture of butanolysis

\ \

in a single phaseghs g o5 e of B "I"'u ~ his considerably faster

than that of mefhano Bis. R amy plg 'o\\ . after 1 min is 88 wt.% in

the case of butlys'" (114°8 mper’e put only 78 wt.% for

methanolysis (60°C; S er dy found that butanolysis
(30°C) was 50% complete ==_—f-—--- Caction time, and 60% and 63.5%
complete after 90 ang 50 ﬁrw ethanolysis (40°C) was only
55% Comp‘ fter 10-min (Freedman etal., e t example, 15.4

wt.% of TA& 4.4 wt.% in the

§
up to 4@ conversion to alky!

esters, methanolysié is 12—16 times slower than butanolysis if lag time in the case of

Meing R, redya emns! I | u igmo t 1996;
the 8

:
e ctions in the above example been performed at similar temperatures

TN IR

reversible, the monophasic'natdre of butanolysis affects the extent of reaction. In the

—
case of metharml sis (Zhou

case of methanolysis, glycerol separation from FAME severely curtails the unwanted

reverse reactions.
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In the case of butanolysis, the reverse reactions are more likely to occur

because all materials are in contact throughout the reaction. The monophasic nature
of butanolysis reactions also complicates purification of the resultant butyl esters, as

gravity separation of glycerol at the Conclu3|on of the reaction is not possible. The

weaker nucleophilicity of butoxi thaxide is another factor that affects the
extent of reaction. u“* ] c a faster initial rate than

methanolysis, the finakeany ersior ; action (114°C and 60°C

(Schwab et al., 1987). R At \ ) 4 wt.% of bound glycerol

(TAG + DAG ifed’ 4.0 ek .2 W% remained in the
cases of metha i ¢ IS Fespe : AdiBoocock, 2006b). In
summary, thé but 8 res Pl t, which results in a
faster initial ra f‘re tiog b ay ’r-' 0 W % e to butyl esters in

comparison to me | orgthylfesters -h/

2.6 Biodiesel Prodqc on flom Waste Ce / \o ST

Currently, co ared (olpetréled ed diese te high cost of biodiesel

is a major barrier to " co f{'{ Jtioh ported that approximately 70%-

85% of the total biodiesel, oiy; ‘_rr S  the cost of raw material. Use

of low-cost f& f}s Q ' eI@petitive in price

with petroll » Jd on biodiesel
fi

1) J

:jﬁm esﬂost of the current
1

l geted to reduce its production cost, as the &ost of biodiesel is still

higher than its pet‘ wl counterpart. This ow a golden opportunity for the use

AUEIRLNINEINT

fast food shops everyday.

qWIAY ATAINNYINEAEY

wastewater, but also lower the production cost of biodiesel significantly.

production a

challenges ar

Furthermore, biodiesel fuel has been demonstrated to be successfully produced
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from waste edible oils by an alkali-catalyzed transesterification process, and can be
considered as alternative fuels in diesel engines and other utilities. Our purpose is to

find the most appropriate parameters for WCO transesterification reaction process.

ﬂﬂ&l’mﬁmﬁmﬂﬂﬁ
RIAINTU UM INYIAY



CHAPTER llI

RESEARCH METHOLOGY

3.1 General

reaction conditions forgelfylecs £ fuCti ‘omgwaste cooking oil via batch
' atysttPBlassium hydroxide)

j 15
Variable sglfed mg "—,;,VE: -

i il il
P T L
i .

Funnel
AT
Thermometet ﬁﬂﬁw

7 *..
AUHINANINGING

2. Potassium hydroxide, ‘alytlcal grade : Caffakrba

R AIATIRIINENAY

4. Methyl tertiary butyl ether (MTBE), Analytical grade: Carlo Erba

10

11

5. Diethyl ether (DEE), Analytical grade: J.T.Baker
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6. Sulfuric acid, Analytical grade : J.T.Baker

3.4 Raw Material

Bl to a temperature of
-‘r‘ j \ ‘F‘ ¢ !
€pprg matel ._.3_;.%;;; € Celsi for®o0 minute in order to

repBve { ,J-f:-;{:t r,‘f ).

Mix me ,-__.u T Potg Wyl oxide at 60 degree Celsius to
lfy. .
: |tx‘2‘6 2.9 and 3.1

sthianol).

ﬂ Mix ce g oil ae required reaction
Wi i
temperature (0.2 mol ratio of cosolvent to Waste cooking oil, 35

degree Celsius)

AU H3NENININT -

reaction temperature

QW'] ANNTHNYNINYINY

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 [1]

Pour the product i

funnel and leave it until methyl ester and

f 4"? e ; I\ " ; .
mahyl e '.:4_ Rtile washihoWateMgineutralize (pH7).
¥ . [ '.“ .I.N‘
by J“a githe methyl ester at a

B

J g
termpg —--—ﬁi-'_--;‘ ,12 egree Celsius for 1 hour

durat|on

r "»_,J.'vl‘l"'v ."r k
13 Filtgp ff":f—'"'g»ﬂ# --_1'-‘- mpaper no.1 and keep the

@ @j}sition by gas

= ’
111
3.5.3Malyze percentage of produced meth”| ester using gas

Chr‘ raph.

AUHINENINAING

column (30m x 0.32mmi.d. x 0. 25pr(vlm thickness) cap to maintain temperat e

q Wﬁﬁﬁﬁﬁﬂmﬂﬂﬂ NHIRY

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 temperat \\ R 220°C
Inject valume § _____? 1pl

Column tem peratur_ey—" :

Halding time

-

The ester g@Mtentydr fz ag ) 18, d8fe in accordance with

EN14103:2003 (Fai gthyl Ester (FAME) -

Determination.#8 es : - linc 8 Sl esten, co ts) using methyl

heptadecanoateﬂ ormal heptane as a

F f

solvent. Appendix / AME content from gas

- A N
chromatograph in @ 4138 ppendi® E B@ntains GC result for the

C(}[ Ance wi _‘ .>

products. Gas chromgtogra ,v,,,g,_.:u jas carried out by Scientific and

N et

Technological « et : nter  Chulalongkorn  University.

ﬂuﬂ’mﬂﬂﬁwmﬂﬁ
QW’Imﬂ’ifUSJW]'mEI’]ﬂEJ



CHAPTER IV
RESULTS AND DISSCUSION

The chemical p / ghg oil feedstock, used for chicken

frying provided by% aragon %atch to batch used in the

4.1 Raw material properties

experiments We@ Thagnd [& i ientific and Technological
Research using AC ’ :n . anayical standard with Gas

Chromatogra

% by weight

Free Fatty acid, 2.09
Fatty acid com o6 itio

Lauric acid Wy T _ . ." | 0.41
Myristic acid | i4 0.96
Plamitic acid 36.64
Palmitoleic acid 0.54

_,L: 0.10
) 3.0

45.02

Heptadeca@
Stearic acic{
Cis—9—Octadecjj‘jic ac

Cis-9,12-Octa adienoic acid C18:2 n-6 280

=>

10.34

Cis- 9:i2 15- Octad!ﬁou: acid i18:3 n-

NN INYNS

CIS- icosenoic acid
Behemc acid ‘022 :0 0.10

I Ignldentﬂedpgi I i m i I I Iq a I Iﬂq Elﬂ
Total fatty acid composition 100

Molecular weight 847.21




24

4.2 Effect of catalyst concentration
The concentration of the catalyst was the first parameter studied. The effect of
KOH concentration on the transesterification of the WCO was investigated with its

concentration varying from 2.6 1o I w 7 (based on the weight of raw oil). The

operating conditions durin rocess were fixed at: reaction

temperature of 60°C, reacti of 250 rom and molar ratio of

methanol to oil at 9:1

Methyl ester content (%)

3.2

. ; ":{.. "" 3 » + None
Figure 4.1 s of weight percent of Potassium Hydroxide to M

| ester content

)
o | § —
From“i‘ure 4.1 show 2 easing of potass@v hydroxide results in

increasing of metwi ter due to increasing Wtalyst is the increasing of chemical

reﬂﬂﬂmﬂ N INEINT..

hydr e to a certain point ( more an 2.9 wt%) will create soap which is hard for

RIFN SUTINE TNy
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4.3 Effect of speed

Mixing is an important factor for the transesterification reaction because
methanol and oil is immiscible.

Ma et al. (1998b, 1999) stulgi¢ . transesterification process of beef tallow

Methyl ester content (%)

550 600

s ; L)
— jo
=€4— NONE MTBE dﬂr‘— ETHER

Figure 4.2 Effectsws ed to Methyl ester Con (Wt%), Temp. 60 degree Celsius , 15

ﬂﬂ”&T“‘WIEJVI?WMﬂ?

This research studied for ’W optimum speed usmg 9:1 constant molar ratlo of

q WS] MATUUNITNYIAY

experiments is three blade paddle, 5 cm diameter and 2.2 cm blade diameter. The
beager is 9 cm diameter, 13 cm height with 3.2 cm chemical level in case of the reaction

without cosolvent and 4.2 cm chemical level in case of using cosolvent. Distant between
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blades to bottom of the beager is 1.5 cm. The experimental results are shown in figure
4.2.

From the above figure, methyl ester contents in the product from gas

chromatography analysis are:-

1) Reaction without cosolvent gl 2 ) ‘ 008nd 550 gave 84.6%, 87.5%, 90.8% and

04/@ gave 89.0%, 91.1%, 93.6%

3) Reaction with IB : : A2 d: gave 85.6%, 88.3%, 91.5%

2) Reaction with THRGa30IY 3', 200 25

and 93.1%

4) Reaction wi e 87.4%, 90.2%, 93.1%

wiltincrease methyl ester

content in the pr > {0 increasing’ ' \"\ %esUlllag in smaller droplet size

%

diameter of methan Plade-‘shearing. S “k ill &rease reaction surface for

methanol, catalyst fast | actio \h‘\' case of the reaction with
tetrahydrofuran cosol t, jr‘*‘f'j ! 3 4 Wi% methyl ester occurs at 550
rpm stirring speed. Howev 1 Y mgiag speed from 250 rpm to 550 rpm
enhances oaly 5.4 ‘ wheregs~the reaction without

cosolvent o IcesS 82 Wit% methvl aster content from th e same=<peed mcreasmg

4.4 Effect of te l ratureve
Figure 4 shows result of the experiments which were carried to study the

mmm L iwmm - s

nd 30 minutes without cosolvent

ammnmwwwmw
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100

95 92.8

91.6

Methyl ester content (%)

30 35

Celsius

Figure 4.3 Effec iCtiof te atur  MeihyMesier content (wt%) for the
the product from gas

1) At 35 °C reaction ureal S in. f€@iction time gave 87.1%, 89.7%,
f

91.6% methyl este T confe -

2) At 60 °C reaction n'f:,f“;,': ' reaction time gave 89.0%, 90.8%,

92.8% @y Sp |
FI&JF » ‘ jfect to the reaction.

This is due to | 1 \her te

or thﬁactlon which results in
greater percent of methyl ester. It was also found that at the Tirst 10 to 15 minutes the

incr ryield i [ _ s which is
ﬁ/\/ ‘ CQI iff dction time
|esel production from palrﬁ oil via esterification reaction using 1 Wt% potassium

hydroxide, 50 °C reaction temperatdfe and 90 minutes réadtion tlme The reactlon% is
q W TNAIUHRYIABIRE

and monoglyceride were increasing then.decreasing very fast. Reaction rate was slower

after 15 minutes as can be seen from the slower increasing rate of methyl ester and the

reaction tends to be in equilibrium after 30 minutes.
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The study was also carried out using tetahydrofuran, MTBE and diethyl ether
as a cosolvent to assist the transesterification at the same conditions with the result

shown in figure 4.4, 4.5 and 4.6 respectively.

100

95.8

91.9

Methyl ester content (%)

30 35

gree Celsius

Figure 4.4 Effects of a@'. .“’** era ¥ fime to i cster content (Wt%) for the

; &

reactiofn witk Etahyd

l’ -'r__al'_.f o

The expenmental results - show ame trend with the reaction without

cosolvent. However, usings f"m ydrofdral olvent will result in higher methyl

-
e phase even at low

e to tetahydrofuran

temperature, hm | estet content in the product.
From® ‘e above figure, methyl ester contents |mhe product from gas
hromatography a‘al
ﬁ .me p mﬁwgﬁ]ﬂﬁ 00.2%
me

thy ester content, respectlvely

2) At 60 °C reaction temperature a‘i 10, 15, 30 min. reg@ion time gave 90. 6%, @ %,

QW’T&@ﬁﬁﬁﬁ%ﬁﬂ?Wﬂﬂﬂ d
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100

Methyl ester content (%)

35

60 degree Celsius
Figure 4.5 Effectghof r,F ster content (wt%) for the

reaction with

:

From the a [ ¥ methy ots in the product from gas
A o
chromatography analySis arGissSiasiss <
in. reaction time gave 87.5%, 89.6%,

a)gave 89.8%, 91.5%,

L

4 il.
93.8% methyijeste iy

w |!

ﬂuEJ’JVlEJVIﬁ‘WEJ'Iﬂﬁ
qmmmmummmaﬂ

1) At 35 °C reaction temperét a;.-:,-,;ag;]

91.5% miw .

2) At60 °Grea
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100

94.0
95 93.1

91.4

Methyl ester content (%)

30 35

F ece Celsius

Figure 4.6 Effects of e o) ester content (wt%) for the

|

F
reactfon wi

From theg@boy€ fi oh -". . e » in the product from gas

1) At 35 °C reaction tempefai E . reaction time gave 87.4%, 89.3%,

» 1

91.4% methyl ester c-;_,;-{;‘..- oect

2) At60 @ nﬁ%};ave 89.8%, 93.1%,

ﬂUEJ’JVIEJVIﬁ‘WEJ'Iﬂﬁ
RIAINTUURIINYIA Y



CHAPTER V

CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

1. catalyst, KOH, is 2.6 wt% which is

t cause difficulty for glycerol

g oil miscible with

Ction is superior to that in
- contact surface, the
W €5 -r-r— loflincreases. Therefore,

f.:' Coso er 2 S th (il of oil to methanol and
Tt ! 4

‘ ulte higher methyl ester content
4 “ e J
than diethyl ether i ",*‘{-_" fe Dsolvent gave higher methyl ester

content than MTBE methyl ester content obtained from

: o) ) gE nd methanol (1:9

_— ijm stirring speed
: i wtés reaction time while
tﬂhydrofuran, DEE and
MTBE co‘v gave methyl esterfgghtent 95.8, 94.0 and 93.8 wt%

ﬂﬁﬁi?ﬂﬂﬂiﬂﬂ']ﬂﬁ

In this study, the expeﬂments to observe the effects of stirring speed also had

QRIAIA T URINEIAY

reaction time, found that the maximum methyl ester contents for the reaction

the reaﬂn at the same condition with 0.2 mol%

with and without tetrahydrofuran cosolvent were 94.4 and 92.8 wt%, at the

maximum stirring speed of 550 rpm, respectively. However, the increasing of
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stirring speed from 200 rpm to 550 rpm enhances only 5.4 wt% additional
methyl ester content for the reaction with tetrahydrofuran cosolvent whereas the
reaction without cosolvent enhances 8.2 wt% methyl ester content from the

same speed increasing. . Btifring speed has more effect on the reaction

without cosolvent. \\ /
&we (upto 30 minutes) and
e ——

5. It also obse reasW th

reaction tem

er methyl ester content in

the product. .

5.2 Recommendati

;#.—r

2. In order to obtain methylesier coni Daffeet with the biodiesel standard, i.e.

3 » that value (the
, ing stirring speed,
1 L]

memanmp o s 'rﬁ'ﬁimmended.
ﬂUEI’JVIEWﬁWEJ’Iﬂi
Qmmnsmum'mma g
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APPENDIX A

REACTION CHEMISTRY CALCULATION

+ 3H,0

Water

From Triglyceridesfor ..: ) ’ ‘ eight of triglyceride can be

.

obtained from the following equatiomE——==

= ":r'fly
MWT@

%F,y is %wt of each fatty acid in wast‘cooklng oil

QWP@?W@NNWYJV]EI’]& d



38
Rue = (0.41x200.32) + (0.96x228.36) + (36.64x256.43) + (0.54x254.41) + (0.1x270.45)
+ (3.6x284.48) + (45.02x282.46) + (10.34x280.45) + (0.86x280.45) + (0.31x312.53) +
(0.25x310.51) + (0.1x340.59) + (0.06x368.64) = 269.74 g/mol

MW, = (3x265.1) +38 " /
= 847.21 g/mg\\ //
Table A1 Chemical physicakpioperiies ‘ —=
A - -

Chemical ., Molecular Weight

Waste cooking oil 847.21

Methanol ' i ' DN W 204

Tetrahydrofulan IIE"‘ “\‘\ 7211
/)& \' --

.,'

Diethy! Ether (DEE) _ ,aﬂf_ﬁ_,b&-« ’ 7412

MTBE

J 4w L
Methanol Quantity Calculatios .-{_ W

The e '0\.5!1..--------u-v---.n-n.---u.w.v.n---.“—--.---

Molar ratﬁdf methanok | I|

Waste Cookl OO g equals to 100/84 0.120 mol
or 32.04/0.79 = 4‘09 mi

QW@@%’B’N NW]'JV]H']&EJ

The experiment used 2.6 %wt catalyst to waste cooking oil

Hence, catalyst quantity used is (2.6/100) x 100 =2.6 g
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Tetrahydrofuran Quantity Calculation
Methanol used in the experiment is 1.06 mol

Used 0.2 molar ratio of tetrahydrfuran to methanol

Hence, tatrahydrofuran usedyis,@.
or0.21x72.11 = 15.«\\“

MTBE Quantity Calculat

I\/IethanoleDg‘m e S
Used 0.2 molar ratigse® MaPBE itc
r...e" -

Hence, DEE u:
or0.21 x 74.1

y- ﬁ_{ 4 '}%7

AUINENINGINS
RIAINTUURIINYIAY
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APPENDIX B

DETERMINATION OF METHYL ESTER CONTENT

Analysis of Methyl Ester Content in the Product

Methyl ester content ins ' " ig ¢ mined from gas chromatograph in

accordance with EN 14103:32083.Using { oate (C17:0) as an internal
standard and uses no --'.:r.;".'?- e Methyl ester content is

calculated using thewl 5 %
r,.#"__ g i 7 J ‘,'

Where

C,is the concentration, in g y/ml, ethyt he anoate®olution being used

Vg, is the volume, in ml, of the methVA fe e solution being used

ﬂUEJ’JVIEJVIﬁ‘WEJ'Iﬂﬁ
RIAINTUURIINYIA Y
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APPENDIX C
COSOLVENT SELECTION

Solvent selection criteria are:-

1. The selected cosolvent:

2. The selected coscl wer and near to the boiling

Chemical Boiling
Point (°C)
Tetrahydro 67
Furan

MTBE

QW’]Mﬂ’imﬂ‘Wﬂﬂmﬂﬂ
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right respectivel¥f. t of geah that'e 0Ol ve both polar part (at
hydrogen atom) h- o parfS @t txy ¢ . W,V TE . and diethyl ether have

reaction temper d due to they have lower
and near boiling pol o; jat \ A ( thénol and triglyceride and
the reaction will b cair d out 'ﬁ' . g point of the solution will
also be raised by the ffgh o ’,’I‘:"_'L. nd e non volatile triglyceride.

ﬂumwamwmm
Qmmnsmnmmmaﬂ
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APPENDIX D

ERROR ANALYSIS

In order to check the accuracy/ error of the experimental result, three samples

were tested at the same reacti 9 1 mol MeOH/ Qil, 2.6 wt% KOH, 60

°C, 15 minutes, 550 rpm, Its are shown in the figure below.

100 ~

98 -

9 94.53

94 -

92

Mythyl ester content (%)

90 ~

Fig. D.1 Methyl ester 0, rof : , .' the s Y \e reaction conditions

THF cosolveft
Fr
L)

—
- avefege methyl es

axi unethyl ester content i experiment no. 3) is 94.53 wt% or

ﬂUﬂo%rW:m NEND

- minimum methyl ester?ntent (from experlment no. 2) is 94.18 Wt%

i [ if lhe dlLrent of methy ester content 'rom t!e

different experiment conditions is less than 0.35 wt% (94.18 — 94.53), the result can be

e Conclude tha

considered that these conditions yield the same methyl ester content.



1. Experimental Data

APPENDIX E

EXPERIMENTAL DATA
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Sample No. Cosolv e ‘ tic n Condition
H Speedd rature (°C) | Time (min)

W01 e 60 15
W02 o 60 15
W03 i 60 15
W04 T 15
W05 | THR 2. 0 15
W06 K/ 60 15
W07 ’ F " 0 60 15
W08 40 60 15
W09 ' - 60 15
W10 THF ; 60 15
W11 THF 60 15
W12 A @ 15
wiz U "80) 15
W14 ] | MTB 160 15
W15 " MTBE 2.6 60 15

400

15

2.6
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Sample No. Cosolvent Reaction Condition
%KOH | Speed (rpm) | Teperature (°C) | Time (min)

W24 - 2.6 400 60 10
W25 - 26 400 60 30
W26 THF J 40 35 10
W27 TH 35 15
w28 6 | 35 30
W29 — 6 Xt 60 10
W30 - 60 30
W31 1 M; i 35 10
W32 MT , 15
W33 froe A 35 30
W34 ef | f &6 10
W35 Jel 21 400 3\ 60 30
W36 1,--'" 35 10
w37 DEE; 2 0 35 15
w38 DE 35 30
W39 DEE . 5 60 10
W40 \ 30
W41 : 15
W42 7, ﬁo 15

AugTMNINYThT
QRN TUNRINYINY
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Analysis Date & Time :2/7/2552 11:19:10

User Name : Admin
Vial# 16
Sample Name 1 W0l
Sample ID : UNK-0001
Sample Type : Unknown
Injection Volume :1.00
ISTD Amount :
Data Name - : DAACID\FA10.gcd
Method Name : DANACID\FATTY AC
Intensity
2500000 -
2000000
1500000
1000000-]
500000
] &
0 : |
i 0 1 2 14

min

vPeak# Ret.Time Area
X1 1.512 754911241 14192419
2 2.085 126976 47146
2.633 325900 88434
4 3.733 14 100 4
5 4.584 D331
6 5.719 1094114 124893 0.000
7 6.166 178248
8 6.806 4985709"
9
0
1

’ ‘l '
7.956 19494 ) -
9.513 69694 7200010 ‘Il
10.043 7 6028 0.000

Total 803691969 20344346

UEI’JT/IEJVHWEJ’Iﬂﬁ
QW’]NﬂimNW\?ﬂmﬂﬂ




min

Analysis Date & Time :2/7/2552 11:35:48
User Name : Admin
Vial# 7
Sample Name 1 W02
Sample ID : UNK-0001
Sample Type : Unknown
Injection Volume : 1.00
ISTD Amount :
Data Name : DAACID\FAT1.gcd
Method Name : DAACID\FATTY AC
Intensity
2000000
1500000
1000000
500000
0] L
| T T
1 0 1
;Peak# Ret.Time Area < ‘
k1 1.511 756919780 18228834 =0+
2 2.085 99267 422
3 2.633 305159  808%Z
4 3.729 810955
X5 4.576 BO0%65(
6 5.717 0047
7 6.152
8 6.794
9 7.952
10 9.507 6
11 10.036 6 5178 0.000
Total 801908389 23769097

UEI’JT/IEJVHWEJ’Iﬂﬁ
QW’]NﬂimNW\?ﬂmﬂﬂ
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Analysis Date & Time :15/7/2552 10:23:03

User Name : Admin
Vial# 110
Sample Name 1 W03
Sample ID : UNK-0001
Sample Type : Unknown
Injection Volume :1.00
ISTD Amount :
Data Name : D:\ACID\FA25.gcd
Method Name : DAACID\FATTY AC
Intensity
2000000
15000001
1000000
500000-
0 L
_""l'“'""'I‘“'{"“l""|”"f
. 0 1 2 13 14 15
min
Peak# Ret.Time Area $
1 1.512 767695848 16289636
2 2.082 83267 3 1469 ~0:6
3 2625 265194 736 ‘.-{
4 3.709 15936526 .
5 4.557 R53(
6 5.680 19314
7 6.108 ;
8 6.751 4
9 7.900 16716 -
10 9.436 63 6 ' Il
11 9.961 59 5271 0.000
Total : 815727774 21940013

UEI’JT/IEJVHWEJ’Iﬂﬁ
QW’]NﬂimNW\?ﬂmﬂﬂ
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Analysis Date & Time : 15/7/2552 10:06:29

User Name : Admin
Vial# 19
Sample Name : W04
Sample ID : UNK-0001
Sample Type : Unknown
Injection Volume :1.00
ISTD Amount :
Data Name : D:\ACID\FA24.gcd
Method Name : DAACID\FATTY AC
Intensity
3000000~ )
2000000
1000000
0 N
J }
. 0 1 2 14 15
min
Peak# Ret.Time Area €
1 1.512 744376932 02271197
2 2.082 158690 56438
3 2.625 419016 11
4 3.729 19298333
5 4.557 889K
6 5.692 457971 153928 0.000
7 6.162 1 3 640
8 6.783 3
9  7.908 25853
10 9.443 102@ 10744 0.(
11 9.968 8104 0.000
Total 794856687 0973 8974

UEI’JT/IEJVHWEJ’Iﬂi

QW’]Mﬂ’imﬂ‘Wﬂﬂmﬂﬂ
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Analysis Date & Time : 15/7/2552 9:16:34

User Name : Admin
Vial# 6
Sample Name : WOS
Sample ID : UNK-0001
Sample Type : Unknown
Injection Volume :1.00
ISTD Amount :
Data Name : DAACID\FA21.gcd
Method Name : DAACID\FATTY AC
Intensity
3000000- 2
20060000
1000000
- 2
0 AN
!
e
0 1 2 13 14

min

Peak# Ret.Time Area

I 1512 755338646 06785900

2 2.084 156610

3 2194 51343

4 2628 407829

5 2893 436

6 3731 195702

7 4559

8  5.697

9 6160 128588

10 6767 5135 506

11 7.909 123 18818 0.000

12 9.448 93093 9520 0.000

139977 8636 0.000
Total 804092124 37

UEI’JT/IEJVHWEJ’Iﬂﬁ
QW’]NﬂimNW\?ﬂmﬂﬂ



min

Analysis Date & Time : 15/7/2552 8:59:55
User Name : Admin
Vial# 25
Sample Name : W06
Sample ID : UNK-0001
Sample Type : Unknown
Injection Volume : 1.00
ISTD Amount :
Data Name : D:\ACID\FA20.gcd
Method Name : DANACID\FATTY AC
Intensity
3000000 5
2000000
1000000
N I L
ARRILARRILERRS
i 0 1
Peak# Ret.Time Area :
1 1.512 751559275 98286000
2 2.084 150135 5197
3 2.629 397430 1019
4 3.730 18751649 .
5 4.560 882072
6 5.698 1347866
7 6.161 12 /658
8 6.784
9 7913 240.5
10 9.450 94380 B
11 9.971 7426 0.000

Total

803659_1'91 05270509

UEI’JT/IEJVHWEJ’Iﬂﬁ
QW’]NﬂimNW\?ﬂmﬂﬂ
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Analysis Date & Time :2/7/2552 12:25:49

User Name : Admin
Vial# 110
Sample Name : W07
Sample ID : UNK-0001
Sample Type : Unknown
Injection Volume :1.00
ISTD Amount :
Data Name : D:\ACID\FA14.gcd
Method Name : DAACID\FATTY AC
Intensity
2000000-]
1500000
1000000
500000
O 3 o~
1 !
) T | LARRNI '
3 0 1 2

min

Peak# Ret.Time Area

1 1511 749766515 12023128

2 2084 91516 37690 ﬁp,

3 2631 292156 7 0

4 3726 13832799 .

5 4574 85263 54

6 5.714 10045

7 6.146  16R99%

8  6.787 436801

9 7947 1423:1

10 9502 6g§ g

11 10.032 6 5236 0.000
Total 794444309 17492017

UEI’JT/IEJVHWEJ’Iﬂﬁ
QW’]NﬂimNW\?ﬂmﬂﬂ
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Analysis Date & Time :2/9/2552 10:28:01

User Name : Admin
Vial# 19
Sample Name : W08
Sample ID : UNK-0001
Sample Type : Unknown
Injection Volume :1.00
ISTD Amount :
Data Name : D\ACID\FA98.gcd
Method Name : DAACIDFATTY AC
Intensity
3000000
2000000
1000000
o g
[ AR R A
0 1 2 3 14
! min
Peak# Ret.Time Area €icht ¢4Gor
1 1.489 827075413 63935951
2 2.045 158205 66995 #=++0:660
3 2575 416701 13212884010
4 3.004 0157 i
5 3.092 40845
6 3.657 1795309
7 3.814
-8 4478 1
9 5.571

10 6.032 21891 2288
11 6.641 506 799210 0.000

12 7.729 281875 50804  0.000 :
13 9.208 109843 730 0.000 . '
14 9.726 107074 &7 0.000 _ u

Total 3939 . e ‘

ARIANIUNNINY Y



Analysis Date & Time : 15/7/2552 8:26:39
User Name : Admin
Vial# 3
Sample Name : W09
Sample ID : UNK-0001
Sample Type : Unknown
Injection Volume :1.00
ISTD Amount :
Data Name : D:\ACID\FA18.gcd
Method Name : DANACID\FATTY AC
Intensity
2500000 -
2000000
1500000
1000000
500000 |
] .
] | 2
ol I\
_l?ll]l\ll}ll!l“ulxllll
; 0 1 2

Peak# Ret.Time

Area :

54

min

1 1512 769904423 12189700 =0
2 2084 131723 47762 seniBa
3 2628 334072 8988304~ 0N
4 3722 15578180 . '
5 4561  B8029¢
6 5692 :
7 6137 1
8 6770
9 7911
10 9448
11 9.974 6302 0.000
Total 820349437 18538754

U INENININg

QRIANTUAMINYAE



Analysis Date & Time : 15/7/2552 7:53:23
User Name : Admin
Vial# i1
Sample Name : W10
Sample ID : UNK-0001
Sample Type : Unknown
Injection Volume :1.00
[STD Amount :
Data Name : D:\ACID\FA16.ged
Method Name : DAACID\FATTY AC
Intensity
3000000 =
2000000
1000000
Vo
0 =i
AR LLALELARAS
i 0 1

Peak# Ret.Time

760230427 12797043

Area

55

15
min

Cmpd Name

1 1511

2 2084 157767 52728,

3 2631 394590 9974

4 3733 18539460 4

5 4566 87696

6 5709 200834 138044 0.00¢

7 6167 1280

8 6793  6956630"

9 7930 226£

10 9.468 ‘ 8448 \q

11 9.998 84 6958 0.000
Total 808438276 19497104

UEI’JT/IEJVHWEJ’Iﬂi

QW’]Mﬂ’imﬂ‘Wﬂﬂmﬂﬂ
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Analysis Date & Time :15/7/2552 9:33:12

User Name : Admin
Vial# 7
Sample Name T W11
Sample ID : UNK-0001
Sample Type : Unknown
Injection Volume :1.00
ISTD Amount :
Data Name : DNACID\FA22.gcd
Method Name : DANACID\FATTY AC
Intensity
2500000~ -
2000000
1500000
1000000
500000
0 A =
] !
LR LR T
0 1 2

min

Peak# Ret.Time Area S ‘
1.512 760806311 13801118
2.082 129156 46545
2.625 334766 90
3.717 15590150

4.556 B77984

5.685 145748

6130 1 D |

ORI N AW —

6.764 6845
7.906 1893.’9
10 9.442 73252 7 : ‘r
11 9.968 7 6127  0.000
12 14.560 58524 2138 0.000
Total 810935572()0

UEI’JT/IEJVHWEJ’Iﬂﬁ
QW’]NﬂimNW\?ﬂmﬂﬂ
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Analysis Date & Time : 6/8/2552 10:10:52

User Name : Admin
Vial# 16
Sample Name 1 W12
Sample ID : UNK-0001
Sample Type : Unknown
Injection Volume :1.00
ISTD Amount :
Data Name : DAACID\FA39.gced
Method Name : DAACID\FATTY AC
Intensity
3000000 S
2000000
1000000
_ 1\ 5
0 A
LRI RAARN] 7
0 1 2 13 14

min

Peak# Ret.Time Area P
1.487 81387136155917711

1

2 2.047 143329 50826

3 2.578 378512 99470 ,.a{

4 3.160 42637

5 3.651 173320

6 4.470 9404

7 5.571 J

8 6.015

9 6.629 5756431

10 7.740 209 32

11 9.229 8Q 8831 0.000

12 9.745 79738 6857 0.000
Total 869214232@7

UEI’JT/IEJVHWEJ’Iﬂﬁ
QW’]NﬂimNW\?ﬂmﬂﬂ
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Analysis Date & Time :2/7/2552 12:09:10
User Name : Admin
Vial# 19
Sample Name :WI3
Sample ID : UNK-0001
Sample Type : Unknown
Injection Volume : 1.00
ISTD Amount :
Data Name : DAACID\FA13.gcd
Method Name : DAACID\FATTY AC
Intensity
2500000 =
2000000
1500000
1000000
500000-]
] | g
0 AN
_””l""[" [T
0 1 2 14
min
Peak# Ret.Time 10
1 1.511 751123714 13907984 5-000———
2 2.083 109864 4064 0.0 :
3 2.629 301768 820 ﬁp 'JW‘
4 3.726  142Q3254 4
5 4.572 85421
6 5.712 4
7 6.146 iy
8 6.790 4
9 7.945 -
10 9.498 0.0 ‘i'lll
11 10.027 5497 0.000
Total

LEANENINYINT
RIAINTUNRIINYIAY



Analysis Date & Time : 15/7/2552 7:53:23
User Name : Admin
Vial# i1
Sample Name 1 W14
Sample ID : UNK-0001
Sample Type : Unknown
Injection Volume :1.00
[STD Amount :
Data Name : D:\ACID\FA16.ged
Method Name : DAACID\FATTY AC
Intensity
3000000 =
2000000
1000000
Vo
0 =i
AR LLALELARAS
i 0 1

Peak# Ret.Time

760230427 12797043

Area

59

15
min

Cmpd Name

1 1511

2 2084 157767 52728,

3 2631 394590 9974

4 3733 18539460 4

5 4566 87696

6 5709 200834 138044 0.00¢

7 6167 1280

8 6793  6956630"

9 7930 226£

10 9.468 ‘ 8448 \q

11 9.998 84 6958 0.000
Total 808438276 19497104

UEI’JT/IEJVHWEJ’Iﬂi

QW’]Mﬂ’imﬂ‘Wﬂﬂmﬂﬂ
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Analysis Date & Time :7/8/2552 9:20:55
User Name : Admin
Vial# 13
Sample Name : W15
Sample ID : UNK-0001
Sample Type : Unknown
Injection Volume :1.00
ISTD Amount :
Data Name : D:\ACID\FA36.gcd
Method Name : DNACIDVFATTY AC
Intensity
2000000
1000000
0 S
MAERARARES RN
0 1 14

min

Peak# Ret.Time Area oht ¥ &‘
1 1.487 814616996 03448812 "
2 2048 114595 64080 sl
3 2580 575173 24808740
4 3162 92515 _ ,
5 3.651 1707%8
6  4.469 24170,
7 5570 P
8  6.013 i
9  6.629 523681 -
10 7.742 451 g 52 ||
11 9232 38 8562  0.000 1
12 9747 31994 6875 0.000

868414072‘3 772

UEI’JT/IEJVHWEJ’Iﬂi

QW’]Mﬂ’imﬂ‘Wﬂﬂmﬂﬂ
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Analysis Date & Time :15/7/2552 8:10:00

User Name : Admin
Vial# 12
Sample Name 1 W16
Sample ID : UNK-0001
Sample Type : Unknown
Injection Volume :1.00
ISTD Amount :
Data Name - : DAACID\FA17.ged
Method Name : DAACID\FATTY. AC
Intensity
3000000 .
2000000
1000000
0 N
ARRAN LR LRI LA AR

min
Peak# Ret.Time Area e
1.513 761169105 05017008
2.086 157241 5722
2.631 429046
3.738
4.568
5.706
6.174
6.790
7.921

10 9.460 1

11 9.984 !

12 12.259 7
Total 8136756@3

UEI’JT/IEJVHWEJ’Iﬂﬁ
QW’]NﬂimNW\?ﬂmﬂﬂ

Cmpd Name

D00 ~I NN BN

7705 0.000
1486 0.000
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Analysis Date & Time : 6/8/2552 9:37:34
User Name : Admin
Vial# 14
Sample Name : W17
Sample ID : UNK-0001
Sample Type : Unknown
Injection Volume : 1.00
ISTD Amount :
Data Name : DAACID\FA37.gcd
Method Name : DAACID\FATTY AC
Intensity
2500000~ )
2000000
1500000
1000000
500000
0] .
] i
[TrorprTe

=

min

g
Peak# Ret.Time Area Eicht ¥ yoan
1 1.487 813995239 53050852
2 2.049 151935 4971
3 2.580 378563 86
4 3.645 15834470 .
5 4.466 962964
6 5568 T3
7 5.996 1
8 6.620 8
9 7.740 22
10 9227 68
11 9.747 6 5778 0.000
Total 864721458 5 8997244

UEI’JT/IEJVHWEJ’Iﬂi

QW’]Mﬂ’imﬂ‘Wﬂﬂmﬂﬂ
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Analysis Date & Time :2/9/2552 12:57:57
User Name : Admin
Vial# 118
Sample Name : W18
Sample ID : UNK-0001
Sample Type : Unknown
Injection Volume :1.00
ISTD Amount :
Data Name : DAACID\FA107.ged
Method Name : DAACID\FATTY AC
Intensity
3000000
2000000
1000000
o iR
= !
_""I IR0 RERAE RRALY AR 2
0 1 2 13 14

Peak# Ret.Time
1.488
2.043
2.574
3.657
3.817
4.477
5.569
6.036
6.352
6.642
11 7.102
12 7.728
13 9.205
9.72

—
SOOI N B W —

min

‘ pd Name

820522611 72723642

166179 69743 ser0300€

437220 13508304010
450 .3 1

303592 54748

Sl - |

QRIAINTAUUMINGAD



Analysis Date & Time : 15/7/2552 8:26:39
User Name : Admin
Vial# 3
Sample Name W19
Sample ID : UNK-0001
Sample Type : Unknown
Injection Volume :1.00
ISTD Amount :
Data Name : D:\ACID\FA18.gcd
Method Name : DANACID\FATTY AC
Intensity
2500000 -
2000000
1500000
1000000
500000 |
] .
] | 2
ol I\
_l?ll]l\ll}ll!l“ulxllll
0 1 2

Peak# Ret.Time

Area :

64

min

1 1512 769904423 12189700 =0
2 2084 131723 47762 seniBa
3 2628 334072 8988304~ 0N
4 3722 15578180 . '
5 4561  B8029¢
6 5692 :
7 6137 1
8 6770
9 7911
10 9448
11 9.974 6302 0.000
Total 820349437 18538754

U INENININg

QRIANTUAMINYAE
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Analysis Date & Time : 6/8/2552 9:20:55

User Name : Admin
Vial# 13
Sample Name 1 W20
Sample ID : UNK-0001
Sample Type : Unknown
Injection Volume :1.00
ISTD Amount :
Data Name : D:\ACID\FA36.gcd
Method Name : DANACID\FATTY AC
Intensity
2000000
1000000
0 &
| T "| LARAS
0 1 14
min
Peak# Ret.Time Area eht ¥ &‘
1 1.487 814789043 53086313 “={
2 2.048 148456 50012 :
3 2.580 376879 95063 _,./ 0f /) y 2
4 3162 49010 _ 0.000
5 3.651
6 4.469
7 5.570
8 6.013
9 6.629
10 7.742
11 9.232 ‘ 0.000
12 9.747 6622 0.000
Total 869766587@6 470

UEI’JT/IEJVHWEJ’Iﬂﬁ
QW’]NﬂimNW\?ﬂmﬂﬂ
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Analysis Date & Time :2/9/2552 10:11:21

User Name : Admin
Vial# : 8
Sample Name : W21
Sample ID : UNK-0001
Sample Type : Unknown
Injection Volume :1.00
ISTD Amount :
Data Name : D:\ACID\FA97.gcd
Method Name : DAACIDFATTY AC
Intensity
4000000 2
3000000
2000000
1000000
O_ o~
T T "
0 1 2 13 14
—— . min
Peak# Ret.Time Area : ¥ ¥ Gorc~ Uil Cmpd Name
| 1.489 827956010 63832559 — .
2 2.045 176914 7501_8 ﬁp.-
3 2.575 456600 14383
4 3.662 19542648 .
5 3.817 894
6 4486 11694
7 5.574
-8 6.044 )
9 6.649  545485]
10 7.733 307935 56
11 9.210 118 14942 0.000
12 9.729 110182 11594 0.000
Total 891122143@2 476

UEI’JT/IEJVHWEJ’Iﬂﬁ
QW’]NﬂimNW\?ﬂmﬂﬂ
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Analysis Date & Time :15/7/2552 8:43:16

User Name : Admin
Vial# 14
Sample Name W22
Sample ID : UNK-0001
Sample Type : Unknown
Injection Volume :1.00
ISTD Amount :
Data Name : D:A\ACID\FA19.gcd
Method Name : DAACID\FATTY AC
Intensity
2000000~
1500000~
1000000
500000
: \
o] A -
. |
] LN BRI RN
0 1 13 14

Peak# Ret.Time Area ; ‘
1.513 766196836 06905680

1

2 2.085 104711 371551

3 2.628 274963 722

4 3713 132435429

5 4.559 ‘

6 5.686

7 6.107

8 6.753

9 7.906

10 9.444

11 9.970 4748 0.000
Total 816972 612292639

UEI’JT/IEJVHWEJ’Iﬂﬁ
QW’]NﬂimNW\?ﬂmﬂﬂ
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Analysis Date & Time :2/9/2552 9:54:40

User Name : Admin
Vial# 27
Sample Name 1 W23
Sample ID : UNK-0001
Sample Type : Unknown
Injection Volume :1.00
ISTD Amount :
Data Name : DAACID\FA96.gcd
Method Name : DANACIDFATTY AC
Intensity
3000000
2000000
1000000
o I\
. !
T AARRN AL LAY
0 1 2 13 14 15
- : min
Peak# Ret.Time Area - ¢ I Gotic. “Uni Cmpd Name
1 1.489 828774217 59339000 ] . :
2 2.047 171000 71169
3 2.577 437695 133
4 3.005 -
5 3.660
6 3.816
7 4.482
8 5.575
9 6.040 .
10 6.646 6143744 836
11 7.734 292, 51981 0.000
12 9.214 108881 13434 0.000
13 9.731 110335 0.000
Total 890576392 g

UEI’JT/IEJVHWEJ’Iﬂﬁ
QW’]NﬂimNW\?ﬂmﬂﬂ



Analysis Date & Time
User Name

Vial#

Sample Name

Sample ID

Sample Type
Injection Volume
ISTD Amount

Data Name
Method Name

Intensity

:2/9/2552 11:34:45
: Admin

:13

: W24

: UNK-0001

: Unknown

:1.00

: DAACID\FA102.ged
: D:A\ACID\FATTY AC

4000000

1.488/

3000000

2000000

1000000

Peak# Ret.Time
1.488
2.044
2.575
3.661
3.815
4482
5.574
6.039
6.644
7.731
9.211
9.725

N=R-LIEN No WU, RENRUS T O e

Area

EY'r
826175954 65877003

170722

71453,
450873 3

140

19460249 _36

14597
11226

69

min

0.000
0.000

887934439?0 422

UEI’JT/IEJVHWEJ’Iﬂi
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Analysis Date & Time : 16/7/2552 8:43:16

User Name : Admin
Vial# 14
Sample Name : W25
Sample ID : UNK-0001
Sample Type : Unknown
Injection Volume :1.00
ISTD Amount :
Data Name : D:A\ACID\FA19.gcd
Method Name : DAACID\FATTY AC
Intensity
2000000~
1500000~
1000000
500000
: \
o] A -
] |
] LN BRI RN
0 1 13 14

Peak# Ret.Time Area ;
1.513 766196836 06905680

1
2 2.085 129712 371551
3 2.628 279481 722
4 3.713 -
5 4.559
6 5.686
7 6.107
8 6.753
9 7.906
10 9.444
11 9.970 4748 0.000
Total 817620870 12292639
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Analysis Date & Time :2/9/2552 11:01:18

User Name : Admin
Vial# 111
Sample Name 1 W26
Sample ID : UNK-0001
Sample Type : Unknown
Injection Volume :1.00
ISTD Amount :
Data Name : D:\ACID\FA100.gcd
Method Name : DAACIDVFATTY AC
Intensity

4000000 2

3000000

2000000

1000000

0 N =
_l|l|ynv|‘un|u||'||||||x| TTTT]T
i 0 1 2 13 14

min
;Peak# Ret.Time Area C
1.489 824887148 67064301
2.044 177372 74794 =
2.574 462534 144033 i
3.661 19784879 :
3.815 99428

4.483 | i
5.575
6.045
6.648
7.730 ‘ g
9.208 ‘ 0.000
9.725 11973 0.000

VO ~IAN N AW —

[ S —
N —o

Tota113 13.728 889243%2 0.000 .' 7 | ;
1BEINBNINEINT

QRIANIAUNNINLAE
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Analysis Date & Time :2/9/2552 10:44:37

User Name : Admin
Vial# : 10
Sample Name : W27 ,
Sample ID : UNK-0001
Sample Type : Unknown
Injection Volume 1 1.00
ISTD Amount :
Data Name : D:\ACID\FA99.gcd
Method Name : DANACIDVFATTY AC
Intensity
40000001 g
3000000
2000000
1000000
o \ g
0 1 Y L4 : , 14

min

Peak# Ret.Time Area [
1.489 823879768 59659249

1
2 2.045 184983 77304
3 2.575 478966 1486
4 3.664 20304051 3
5 3.816 96355
6 4.486
7 5.575
© 8 6.050
9 6.650
10 7.731
11 9.208 1251 15910 0.000
12 9.725 121054 12310 0.000
Total 889711302@3 676
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Analysis Date & Time :2/9/2552 11:18:01

User Name : Admin
Vial# 112
Sample Name 1 W28
Sample ID : UNK-0001
Sample Type : Unknown
Injection Volume :1.00
ISTD Amount :
Data Name : D:\\ACID\FA101.ged
Method Name : DAACIDYFATTY AC
Intensity
3000000
2000000
1000000
o :
. !
T v
i 0 1 2 13 14 15

;Peak# Ret. Time Area : ‘
1.489 828019784 71665937

1

2 2.044 169141 73258

3 2.574 440798 13921«

4 3.656 18432600 .3

5 3.813 9459

6 4.479

7 5.569

8 6.040

9 6.643

10 7.730

11 9.206 ‘ 14835 0.000

12 9.722 11814 0.000
Total 8890603 17@7
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Analysis Date & Time : 6/8/2552 10:27:30

User Name : Admin
Vial# 27
Sample Name 1 W29
Sample ID : UNK-0001
Sample Type : Unknown
Injection Volume :1.00
ISTD Amount : .
Data Name : DAACID\FA40.gcd
Method Name : DAACID\FATTY AC
Intensity
2500000 g
2000000
1500000
1000000-]
500000 4
0 k‘t
LRI AR

o 1 2 <& \ S 415

—— = min
Peak# Ret.Time Area :
1.487 807178092 47874643

2.049 143459 46703, 0
2.581 395346 872407 4=-0'000. -

1

2

3

4  3.648 16780634 28

5 4.469 83058

6  5.571 114

7  6.004 1898

8  6.625

9  7.745 23754

10 9236 70 7

11 9.752 71 5833 0.000

12 12.753 32605 962  0.000
Total 860524669@9&%43
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Analysis Date & Time :2/7/2552 12:42:26
User Name : Admin
Vial# 111
Sample Name : W30
Sample ID : UNK-0001
Sample Type : Unknown
Injection Volume :1.00
ISTD Amount :
Data Name : DAACID\FA15.gcd
Method Name : DAACID\FATTY AC
Intensity
2500000~ 2
2000000
1500000
1000000
500000
] |
, VoS
0 -
: |
LRRRNRARAY RELEE RRRRI RRARY]
0 | 2 13 14
min
Peak# Ret.Time Area
1 1.511 741469939 04925790
2 2.085 132983
3 2.632 347148
4 3.734 16342046 4
5 4.576 8621
6 5719 113938
7 6.167 19258 Jiy
8 6803  Seagbsm
9 7952 19867 -
10 9.506 74 7734 ! g II
11 10.033 7 6206 0.000 .
Total 792905591 11033045
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Analysis Date & Time : 15/7/2552 10:39:47
User Name : Admin
Vial# 111
Sample Name : W3l
Sample ID : UNK-0001
Sample Type : Unknown
Injection Volume : 1.00
ISTD Amount :
* Data Name : DA\ACID\FA26.gcd
Method Name : DAACID\FATTY AC
Intensity
2500000 2
2000000
1500000
1000000~
500000
0- R
] !
llll]l‘fllllll|lltl§lll‘IIIHI T i
i 0 1 2 13 14
. min
;Peak# Ret.Time Area s ‘
1 1.513 755464899 02189232
2 2.083 115376 4048]
3 2.626 305717
4 3715 14300999
5 4.557 08
6 5.684 -
7 6.123 1
8 6.758
9 7.902
10 9.435
11 9.963 6023 0.000

Total

QW’]Mﬂ’imﬂ‘Wﬂﬂmﬂﬂ

802413724 08280698

UEI’JT/IEJVHWEJ’Iﬂi
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Analysis Date & Time : 6/8/2552 9:04:18

User Name : Admin
Vial# 12
Sample Name : W32
Sample ID : UNK-0001
Sample Type : Unknown
Injection Volume :1.00
ISTD Amount :
Data Name : DAACID\FA35.gcd
Method Name : DANACID\FATTY AC
Intensity

3000000 %

2000000

1000000

o g

min
Peak# Ret.Time Area ‘ ¢
1.487 834690003 66128827

hpd Name

1

2 2.046 138387 4841_5

3 2.577 374350 10108 ,.-{

4 3.652 17272849

5 4472 99193 58

6 5.571

7 6.014

8 6.626

9 7.738 ,

10 9.228 9

11 9.745 7 7106 0.000
Total 888744 773080837
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Analysis Date & Time :2/9/2552 12:08:01

User Name : Admin
Vial# 115
Sample Name 1 W33
Sample ID : UNK-0001
Sample Type : Unknown
Injection Volume :1.00
ISTD Amount :
Data Name : DAACID\FA104.gcd
Method Name : DAACIDFATTY AC
Intensity
4000000 g
3000000
2000000
1000000
o-_m*LLL' LA .
- I
AL I B

min
;Peak# Ret. Time Area 5
1.488 835401040 78951523
2.043 170743 75020-
2.572 442405 141538
3.657 18798139
3.812 106038

4.477 10904996

5.568
6.036
6.642
7.724
9.203
9.722

ORI W AW -

—
<

0.000
0.000

—
—_—

—_
[\S]

11923

Total 896512779 883
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Analysis Date & Time

12/9/2552 11:51:23

min

User Name : Admin
Vial# 14
Sample Name : W34
Sample ID : UNK-0001
Sample Type : Unknown
Injection Volume : 1.00
ISTD Amount :
Data Name : DAACID\FA103.gcd
Method Name : DAACID\FATTY AC
Intensity
4000000 P
3000000~
2000000
1000000~
. il
0 1
Peak# Ret.Time Area - 4
1 1.488 828119673 71324312
2 2.043 174533 7480}
3 2.572 454381 14194
4 3.658 19219647 3
5 3.812 “
6 4.481
7 5.569
8 6.040
9 6.644
10 7.725
11 9.200 15568 0.000
12 9.719 12203 0.000
Total 891 129454&7

UEI’JT/IEJVHWEJ’Iﬂﬁ
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Analysis Date & Time :2/7/2552 11:52:31
User Name : Admin
Vial# -8
Sample Name 1 W35
Sample ID : UNK-0001
Sample Type : Unknown
Injection Volume . 1.00
ISTD Amount :
Data Name : DAACID\FA12.gcd
Method Name :DAACID\FATTY A
Intensity
2500000 2
2000000
1500000-
1000000
500000
] | 3 3
0 . AN :
TATTPTETT T I“"I"” K
0 1 2 13 14 15
) min
Peak# Ret.Time Area
1 1.511 756168906 19561890
2 2.084 134234 49581
3 2631 341262 91818
4 3.732 15539691 4
5 4.575 863328
6 5715 4148752
7 6.165 1876
8 6.803 5288411
9 7951 20254p 8
10 9.504 7 7788
11 10.035 7 6261 0.000
Total 806369534 25766868
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Analysis Date & Time :2/9/2552 9:04:34
User Name : Admin
Vial# 14
Sample Name : W36
Sample ID : UNK-0001
Sample Type : Unknown
Injection Volume :1.00
ISTD Amount :
Data Name : D:\ACID\FA93.gcd
Method Name : DAACID\FATTY AC
Intensity
3000000
2000000
1000000
0 S
. ;
7 LLARI RAALE!

Peak# Ret.Time
1.489
2.046
2.576
3.657
3.820
4.481
5.573
6.033
6.355
6.642
7.107
7.732
9211
9.730

bt ot ek i
A LI B = O 00 ~J O\ LA B LI RO —

Total

13 14

min

Area .
837645919 64315748
147803 62829 =
402538 126196 =0/ 00
17744376 !
135078
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Analysis Date & Time :2/9/2552 9:37:57
User Name : Admin
Vial# 16
Sample Name : W37
Sample ID : UNK-0001
Sample Type : Unknown
Injection Volume :1.00
ISTD Amount :
Data Name : D:AACID\FA95.gcd
Method Name : DAACID\FATTY AC
Intensity
] 3
3000000
2000000~
1000000
o] I8
AR BN S
i 0 1 14
. min
;Peak# Ret.Time Area
1 1.490 826022280 60062510
2 2.047 145664 604797 ).
3 2.578 395255 1206528 4=-010
4 3.657 17410628 32 (
5 3.823 141098
6 4481 1067
7 5.574
-8 6.031 21
9 6.355
10 6.640
11 7.107 10211 0.000
12 7.733 47880 0.000 .
13 9.213 103123 781 0.000 - '
14 9.730 105346 * 4 0.000 _ u 2
Total ‘ ) ) j [ =~y ‘

IR TN INY I
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Analysis Date & Time :2/9/2552 12:41:18
User Name : Admin
Vial# 117
Sample Name : W38
Sample ID : UNK-0001
Sample Type : Unknown
Injection Volume :1.00
ISTD Amount :
Data Name : DAACID\FA106.ged
Method Name : DAACIDYFATTY AC
Intensity
3000000~
2000000
1000000
O0— X
AAARRERAS LARAN RLLLN LAALE RLRN LR i T
i 0 1 2 > 100R11% 12 13 14
. | "'.f = ' min
Peak# Ret.Time Area Eight i Conics
1 1.488 832843909 75018161
2 2.043 159170 660097 ).000
3 2.573 407616 124325 4=-01000" "
4 3.652 176 32 N
S 3.813 )
6 4472 104 - 1679206 0.00
7 5.565
8 6.022 2
9 6.344
10 6.632
11 7.096
12 7.723 48377
13 9.203

9.720

A

104624 80 0.000 . ;
- &6 7 u

NN INENE
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Analysis Date & Time : 2/9/2552 12:24:38
User Name : Admin
Vial# 116
Sample Name : W39
Sample ID : UNK-0001
Sample Type : Unknown
Injection Volume :1.00
ISTD Amount :
Data Name : DAACID\FA105.ged
Method Name : DAACID\FATTY AC
Intensity
3000000
2000000
1000000
_ !
T BN RRRRE RN RERY i
0 1 2 13 14
| . ‘ ' min
Peak# Ret.Time Area ¢ A Goric,~* Unit M Cmpd Name
1 1.488 830197773 73614348 — ,
2 2.043 159586
3 2.573 412932 12978
4 3.654 176
5 3.814 :
6 4477  10667583—1805686
7 5.568
8 6.028 21
9 6.344
10 6.636 5019 g ) 803
11 7.096 - 3639, 8006 .
12 7.725 284 51581 0.000
13 9.204

9.723

A

10923 44 0.000 . |
10174%‘& ) Y,

NN INENE
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Analysis Date & Time :2/9/2552 9:21:14

User Name : Admin
Vial# .5
Sample Name : W40
Sample ID : UNK-0001
Sample Type : Unknown
Injection Volume : 1.00
ISTD Amount :
Data Name : D:A\ACID\FA94.gcd
Method Name : DAACIDFATTY AC
Intensity

4000000 g 3

3000000

2000000

1000000

0- Y E
= H
i 0 1 13 14
min

:Peak# Ret.Time Area

1 1.490 830574305 63011345

2 2.047 159703 67236 s=r

3 2.577 442019 136252 4=,

4 3.665 19601612

5 3.825 138899

6 4486 113003

7 5.576

8 6.043 F i3
9 6.362 ,
10 6.650 5276 832 , ll
11 7.112 51 11126 0.000 1
12 7.737 286 51846 0.000

0.000 '

9216 11389 66
9.736 110132‘&

qmmn‘miwﬁnma” 1



Analysis Date & Time :23/9/2552 12:48:15

User Mame : Admin
Vial# 13

Sample Name -S4t wdl
Sample ID - UNK-0001
Sample Type Sl

[njection Volume = 1.00
[STD Amount ‘

Data Name : DAACIDVFAL22 ged |
Method Mame : DAACIDVFATTY A

Intensiny

2S00
2000000
| SO0000

[ OO0

SO

0

0 10 11
—- mn

Peak# Ret. Time Area Floioh® 'ﬂ:‘i“’s "mpd Name

| 1.499 854172035 68820142 a5

2 2066 | SRO0R 53 ;_.n:.-‘. oy ‘

3 2604 387526 () S - ; .

4 1,687 | 725 |

] 4,516 ) "

fi 5.634 poHRT RS iRiL wi

7 6.083 ] U

8 6701 3

9  7.826 208

10 9331 8 ]

11 9 K54 TG (0,000
[otal a100973 J‘ﬂ T5418860

AU Inenine T
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Analysis Date & Time

User Mame
Vial#

Sample Name
Sample 1D
Sample Type
Injection Volume
ISTD Amount

Data Name
Method Name

Intensity

2000000

1000000

Peak# Ret.Time

I 1.498
2 2064
3 2.601
4 5683
5 4.512
i} 5.628
) 6.075
8 6,695
g9 1.8l5
] 9318
11 9,838
T'otal

1 23/9/2552 13:01:52
; Admin

r 4

- 542 Wak2

s UNK-0001

s 1 lelessmnnee
o LSRR L

s 100

- DAACIDVWEFALZS ﬂ_l‘ﬁl
 DAMACIDNWFATTY A

N AR

J-T”

o r‘ﬁﬁ

1 E "j" = r
WAL

=]

] A3 : . .
/ 4 N~ =0y ‘ 10 11
T (4 e oo _
Area crehites id ] ¥ mpd Name
861523263 7709438 - e
65286 55580
396089  9giShiedn

?i:t: 0000
Q17800944 B3RT73119

AutINENINeINg
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