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ABSTRACT

Fatty acid ethyl ester (biodiesel) was produced by transesterification reaction of used
palm oil and ethanol in batch and continuous systems using immobilized lipases. Four commercial
lipases, three free lipases of Lipase PS, Lipase AK and Lipase AY from Pseudomonas cepacia,
Pseudomonas fluorescens and Candida rugosa, respectively, were immobilized on accurel EP100, and
one commercial immobilized lipase, Lipozyme TL IM from Thermomysis lauginosa, were screened.
The results showed that Lipase AY and Lipase AK were suitable for ethyl ester production due to the
fact that Lipase AY was able to hydrolyze, resulting in 53% fatty acid production while Lipase AK
exhibited high transesterification and produced 91% ethyl ester. The mixed enzymes Lipase AY and
Lipase AK gave 89% of ethyl ester under the optimum condition: the ratio of Lipase AY and Lipase
AK of 1:1, the amount of mixed immobilized enzymes of 10%, water content of 2% and molar ratio of
ethanol/oil at 3:1 incubated at 45 °C for 12 h. The highest yield of ethyl ester of 91% was obtained
when ethanol addition was applied in three steps. The reusability of mixed immobilized lipases was
tested. It was found that the mixed immobilized lipases produced ethyl ester more than 50% in 12
replicates. Continuous production by the mixed immobilized lipases in packed-bed column produced
only 20% of ethyl ester. While the separately packed column of Lipase AY and Lipase AK was more
suitable for ethyl ester production. The used palm oil was hydrolyzed well by the column of Lipase
AY which gave 60% of free fatty acid. The products from column of Lipase AY were further catalyzed
by the column of Lipase AK and 70% of ethyl ester was obtained. Fatty acid ethyl ester from the used
palm oil was purified by silica gel and the excess ethanol was removed using rotary evaporator. The
analysis for biodiesel properties showed that the viscosity of produced ethyl ester was 5.66 ¢St (at 40

°C) and flash point, cloud point and pour point were 120, 8, and 6 °C, respectively.
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Table 1. Technical properties of biodiesel.

Property

Characteristic

Common name
Common chemical name

Chemical formula range

Kinematic viscosity range (mmz/s, at 313 K)

Density range (kg/mS, at 288 K)
Boiling point range (K)

Flash point range (K)

Distillation range (K)

Vapor pressure (mm Hg, at 295 K)
Solubility in water

Physical appearance

Odor

Biodegradability

Reactivity

Biodiesel (bio-diesel)
Fatty acid (m)ethyl ester

C,,~C,, methyl esters or C,,;H,; ,;O,

1525
3.3-5.2

860-894

>475

430-455

470-600

<5

Insoluble in water

Light to dark yellow, clear liquid
Light musty/soapy odor

More biodegradable than petroleum diesel

Stable, but avoid strong oxidizing agents

A11: aa1ag91n Demirbas (2008)
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Table 2. Physical and chemical properties of biodiesel from different oils.

Vegetable oil Kinematics Cetane Lower Cloud Flash Density Sulfur
Methyl ester viscosity number heating  point  point (g/N) (wt %)
(mmz/s) value (OC) (OC)
(MJ/)

Peanut 4.9(37.8°C) 54 33.6 5 176 0.883 -
Soybean* 4.5(37.8°C) 45 335 1 178 0.885 -
Soybean" 4.0(40 C) 45.7-56 327 - - 0.880(15 C) -
Babassu 3.6(37.8°C) 63 31.8 4 127 0.879 -
Palm* 57(37.8°C) 62 335 13 164 0.880 -
Palm* 43-45(40C)  643-70 324 - - 0.872-0.877(15 C) -
Sunflower 4.6(37.8°C) 49 335 1 183 0.860 -
Tallow - - - 12 96 - -
Cottonseed 6.8(21°C) 512 - - 110 - -
Safflower - 49.8 - - 180 - -
Rapeseed 4.2(40°C) 51-59.7 328 - - 0.882(15°C) -
Used rapeseed 9.48(300C) 53 36.7 - 192 0.895 0.002
Used corn oil 6.23(30 C) 63.9 423 - 166 0.884 0.0013
Diesel fuel 12-3.5(40°C) 51 355 - - 0.830-0.840(15 C) -
JIS-2D (Gas 2.8(30 C) 58 42.7 - 59 0.833 0.05
oil)

* : The reaction that used the same raw material but different conditions.

Nu: Aauasa1n Fukuda vaznme (2001)



Table 3. Standard specification for characteristics and quality of fatty acid methyl ester as biodiesel

fuel 2009.

No. Property Level Unit Test method

1 methyl ester > 96.5 % wt EN 14103

2 density at 15 °C 860-900 kg/m3 ASTM D 1298

3 viscosity at 40 °C 3.5-5.0 cSt ASTM D 445

4 flash Point >120 °C ASTM D 93

5 sulphur < 0.0010 % wt ASTM D 2622

6 carbon residue, on 10% < 0.30 Y%owt ASTM D 4530

7 cetane number 251 ASTM D 613

8 sulphated ash < 0.02 Y%wt ASTM D 874

9 water <0.050 % wt EN ISO 12937

10 total contaminate <0.0024 % wt EN 12662

11 copper strip corrosion < No. 1 No. 1 ASTM D 130

12 oxidation stability at 110 °C >10 hours EN 14112

13 acid value < 0.50 mg KOH/g  ASTM D 664

14 iodine value <120 g lodine/100g EN 14111

15 linolenic acid methyl ester < 12.0 % wt EN 14103

16 methanol < 0.20 % wt EN 14110

17 monoglyceride < 0.80 % wt EN 14105

18 diglyceride < 0.20 % wt EN 14105

19 triglyceride < 0.20 % wt EN 14105

20 free glycerin <0.02 % wt EN 14105

21 total glycerin <0.25 % wt EN 14105

22 Group I metals (Na+K) <50 mg/kg EN 14108 and
EN 14109

group II metals (CatMg) <50 mg/kg pr EN 14538
23 phosphorus <0.0010 % wt ASTM D 4951
24 additive follow by department of energy business

* . Alternative method could be used.

NN ATUFININGINY (2552)



2.1 mswaalulearalaal fsenmand
a = 9 aaa = I ) g/ o A A o o o
mskaaluTedmadlgasomantl  iWumainihdy 9 dsnsedaduni
aaan J an v W o ' I @ 1 aaan a o S
Ugnsemudodmeslindunuueansgod lnslinsansomuiudnslgnser naadmainldey
3 Jd a S . . A = = ' a
T 10aMoTUINTABUNG (organic acid esters) 30 TuTodira Favrvvzeylugiyeuwuia
s A a J a Iaq Y o
1PANOI (methyl esters) WIBIONAOANDS (ethyl esters) MMBHAVBIBANDIOAN 194 1UNTI1
Aaan < o w 3 Aaaa @ 1
Ugnsen illumwmueanioemueanwdny wazlindwesealluwawassla  Ugnsedanan
I aaa a d's} [ 9 . . =K o Y A o 1 Aaan 4
ihlgasensiandeundu’ld (reversible reaction)  deduiludel Auslgnzemas ueanssea
A Y Y a a A o 4 9
wnwerie 19 lAnandALaz FIAVBINAAN UNAINADINIS
SAq Y o Aaaa I 4 A A [l a
uoanegaan ¥ lumsilgnsenziiluteansgodmonsaiiiviyg lansonda 1
{ o 1 o 1 { o J 1
Turana@wnansn (primary alcohol) HTBAMWNUINADI (secondary alcohol) T 1UIUAITVOUDY
' J a a 4
Tuans 1-8 ezaeuldun wnuea temuea Inswiuea Timusauazielaueansgoa laglinig
imueatazienvea 115w e niisaign wide uazliguautiamaniiuaznie i
A g A d = S o qu 0
ey nanfeluaslsznounidl  (polar compound) Nae Tuanaduinlden wsom
aan o J v U aaa J
Ugnsennulasnawe lsanazdnsalgnsenlda (ndwsed ASsoa waznme, 2546)
= . A Y (aaa a Y &Y ]
nnaumaalily  Figure 1 inldgnseunalasdsauysaionsidiuves
Jd = S [ 1 A 1 A Y A
10aN0dad Ao InTnawe IsANINZaNIzMINY 360 1 H3oe1wNINNI e ldaugan/asu
a 4 { @ 1 aaa { 1< 1 I 3 1
Tunuldwandnves wamesiniga ansslfnseinldaziuae  nia nioeulyd Ald ua
v A Y 1 A o Y ' Y o v A Y
Tunmsgaamnssuiinien1d aruiosnniinulass ualuszundestihmaznsa lududase1n
{ qazl Y A g’ o J v a o aaa any v A 1< ]
tesiga Nl iesniniiing linl vaauag nsaluiiudase iafaserwie dilnduna due)

o

Aa a a 4 ] )
mlddszansmumsnaaeanesanadas dawali msuenndtesoaoonaineames i lden
Y Y

= v o = 1 aaa =* Y gl = ' 4
YU muumimmumﬂuﬂgﬂim 31 avazarelummueaunuii LiEJﬂ’ﬂLiJVI’E]ﬂUlGIfﬂ

4
=

4 Q” aaa 4 1 4 4 Jd a
(methoxide) 1Haduga1lfnsenvzdoau snoames oo INAIUKEN DU 111099 1N0AINOSUTINT

los/ld'd vAa I dy Qd’dd!osfl o a = o 9 A Aa o S
LTHHHV]?J?]mﬁﬁJ']J@]GLUﬂ"IiL‘L]‘I/!L“]ff’]!,waﬂclflﬂ Gmmumumimmqm%m% YINIUDINDNAANUNN

Y Y 1 ' Y J A J o aaa
11@]ﬂgﬂigﬂﬂﬂ@nﬂﬁ?uNﬁllellﬂﬂﬁ”ﬁ@”lﬂc] llﬂllﬂ DHINDT NALYDIOA LIDONDIDA G]’J!ﬁ\iﬂgﬂiﬂ"l tag

a o P 9 a aaa an o a = 9 o A G 1
Na@ﬂﬂlm‘ﬂllﬂﬁ]”lﬂﬂ"lﬁlﬂﬂﬂj‘]ﬂiEl”lclﬂ‘l_]@lﬁ/‘hﬂslﬂl ﬂi$1J”J°L!ﬂ"l'§Naﬁllﬂii’)ﬂ!ﬁ]faﬂ’JEJ@]”JLi\W]L‘]JUﬂN

ea9a 91U Figure 2

2.2 mswanlulefiradie3IZmsldveuraumilogadng (supercritical method)

a a a a g a '
mswaa luTeAwadre75ms ldvewraunilogaingatunszurumswaauun v

'
=)

4! 1 a = Y =\ 9 = 1 (] aan
“INLLG]ﬂG]NiﬂﬂﬂTiNﬁ@]hl‘]JT’E]ﬂLG]fa‘ﬂNﬂﬁﬂ ﬂuﬂ"l]iJ‘“]Ju‘ﬂiJﬂﬁiﬂfﬂiﬂﬂi@ﬂ?\‘liﬂﬂﬁli\iﬂaﬂifﬂ Iﬂﬂ

I o Y a Aaaa 4 an o 9 S A 1
!ﬂUﬂ1ﬁ1/]'lGl1/ilﬂﬂﬂ§]ﬂi NIUdRENOINIAT UABoanogeanil gUNYU Y 1u%30 350-400

u U

pIA AT HagANUAU 3 TUTI 45-65 WUIIVBIANNAULTTOIMA (MPa) 191 1nse

r?’ v a g P Idyd A d? ° Aaaa
Wiwnatluasds enewedimos G]NTﬁclﬁumﬂuﬂigmumimwﬁuu amaaﬂumﬂmﬂgﬂsm



1 A

19 Y o aan 9 a S a Q‘{ Y d? A = Y]
Uliﬂfb’@nlﬁﬂﬂaﬂiEﬂhlﬂWﬁWﬁGI’GI\?LLﬁgﬁﬂﬂii‘l!tﬂﬂlﬂﬁl‘lﬂ@i‘ﬂiq%ﬁllﬂﬁﬁlﬂlum@lﬂﬂEl'Uﬂ‘U'J

@

A 9 1
TN 1FA NI

Aaaa 3 o a a a
17561 Figure 3 WlumsdraoanszuiumsnaaluTedmadioms Idmwmueailogaingd

(@) ?HQ_OCORI Catalyst (?HZOH RICOOCH,
CH—OCOR* + 3CH,O0H ———=  CHOH + RXCOOCH,
(‘:H2 —OCOR? CIHZOH R3COOCH,
Triglyceride Methanol Glycerol ~ Methyl esters
() Triglyceride + R'OH ——— Diglyceride + RCOOR!
—_

Diglyceride + R'OH ——— Monoglyceride + RCOOR!

Monoglyceride + RIOH =————>  Glycerol + RCOOR!

Figure 1. Transesterification of triglyceride and alcohol.
a: General equation for transesterification
b: Sequences of reactions
R: alkyl group

A371: Meher ttazaz (2006)

a o { o g a a 1 v o
gaungiuazanuauiildueanssedegluanzingdrzuanaenua  waasly

v
a

o ' ~ d? i 9 a o aq Y o Y J
Table 4 Tpgdrumsveuinyudwaln  gungivazanuaunldlumsmlvueanssea

A

1 v H Y v
wasuaauzidluveunaunioyaingatinlasuly TasdeslFgangingeliuluvazinnudu

[
=1

Y9
nlsdesanas



Figure 2. Production of biodiesel
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Figure 3. Schematic process of biodiesel fuel production by supercritical method.

SC MeOH = Super Critical Methyl alcohol

A1 : Saka @ Kusdiana (2001)



Table 4. Critical temperatures and critical pressures of various alcohols.

Alcohol Critical temperature (K) Critical pressure (MPa)
Methanol 512.2 8.1
Ethanol 516.2 6.4
1-Propanol 537.2 5.1
1-Butanol 560.2 4.9

31: Demirbas (2009)
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Table 5. Comparison of the different technologies for biodiesel production.

Alkali Lipase Supercritic  Acid catalysis
Variable
Catalysis catalysis al alcohol

-Reaction temperature ("C) 60-70 30-40 239-385 55-80
-Free fatty acids in raw Saponified Methyl esters Esters Esters
materials products
-Water in raw materials Interference with ~ No influence - Interference

the reaction with reaction
-Yield of methyl esters Normal Higher Good Normal
-Recovery of glycerol Difficult Easy - Difficult
-Purification of methyl Repeated washing None - Repeated
esters washing
-Production cost of Cheap Relatively Medium Cheap
catalyst expensive

11 Machetti tazae (2007)

LipasetMeOH

'

Oil

A\ 4

Separation of reaction mixture

Transesterification

A\ 4

v v
Upper phase Lower phase
A 4 \ 4

Methyl esters Glycerol

Figure 4. Flow diagram of biodiesel production using the lipase-catalysis processes.

17: Fukuda tazaaie (2001)
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Figure 5. Lipase production process for methanolysis with extracellular lipases.

31: Fukuda tazaaie (2001)
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Table 6. Sample of commercialized lipases.

Type Source Another name Company
Mammalian lipase
PPL Porcine pancreas Amano, Sigma, Fluka, Boehring
Mannhein
CE Pancreatic cholesterol Genzyme, Sigma
(BSSL) esterase
Fungal lipase
CRL Candida rugosa Candida cylindracea  Altus Biologics, Sangyo, Amano,
Boehring,Mannheim
CAL-A Candida antartica A Boehring Mannheim, Novo Nordisk
CAL-B Candida antartica B Boehring Mannheim, Novo Nordisk
CLL Candida lipolytica Amano
GCL Geotrichum candidum
HLL Humicola lanuginosa ~ Thermomyces 1. Boehring Mannheim, Novo Nordisk
PcamL  Penicillium — P. cyclopium Amano
camembertii
ROL Rhizopus oryzae R. javanicus, Amano, Fluka,
R. delemar, R. niveus  Sigma Seikagaku Kogyo Co
ANL Aspergillus niger Amano
ProgL  Penicillium roqueforti Amano
Bacterial lipase
PCL Pseudomonas cepacia  Burkholderia cepacia  Altus Biologics, Amano, Boehring
Mannheim, Fluka, Sigma
PCL- Pseudomonas cepacia Amano
AH
PFL Pseudomonas Amano, Biocatalysts Ltd.
fluorescens
Pfragil.  Pseudomonas fragi Wako Pure Chemical
CVL Cromobacterium- Sigma, Genzyme, Asahi
viscosum
Pseudomonas sp. Pseudomonas glumae  Chemical, Biocatalysts Ltd., Amano
BTL2  Bacillus- Boehring Mannheim
thermocatenulatas

Alcaligenes species

Meito Sangyo

117: Kazlauskas 118 Bornscheuer (1997)
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i. Hydrolysis:
RCOOR’ + H,O—>RCOOH + R’OH
ii. Esterification:
RCOOH + R’”OH—RCOOR’ + H,0O
iii. Transesterification:
(1). Interesterification
RCOOR’ + R”’COOR* —RCOOR* + R”’COOR’
(2). Alcoholysis
RCOOR’ + R”OH—RCOOR”’ + R’OH
(3). Acidolysis

RCOOR’ + R”’COOH—R’’COOR’ + RCOOH

Figure 7. Lipase catalyzed reactions.

11: Gandhi (1997 919108 Reis et al. 2009)
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Figure 9. Hydrolysis of 1, 2-dipalmitoyl-3-oleoyl-rac-glycerol or 1,3-dipalmitoyl-2-oleoyl-glycerol by
crude lipase from Geotrichum sp.

11: Stransky Ltazame (2007)
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Figure 10. Structure and stereospecific numbering (sn) of acylglycerols.

n: Scrimgeour (2005)
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Table 7. Specificity of lipases from different sources to types and position of fatty acid of triglyceride.

Source of lipase Fatty acid specificity’ Positional specificity
Microorganisms
Aspergillus niger S,M, L sn-1,3 >> sn-2
Candida antarctica S>M,L sn-3
Candida rugosa (syn. C. cylindracea) S,L>M sn-1,2,3
Chromobacterium viscosum S,M, L sn-1,2,3
Rhizomucor miehei S>M,L sn-1,3 >> sn-2
Penicillium roquefortii S,M>>L sn-1,3
Pseudomonas aeruginosab S,M,L sn-1
Pseudomonas fluorescens S,L>M sn-1,2,3
Rhizopus delemar S,M, L sn-1,2,3
Rhizopus oryzae M,L>S sn-1,3 >> sn-2
Plants
Rapeseed (Brassica napus)* S>M,L sn-1,3 > sn-2
Papaya (Carica papaya) latex" sn-3
Animal tissues
Porcine pancreatic S>M,L sn-1,3
Rabbit gastricb S,M, L sn-3

*.'S, short chain; M, medium chain; L, long chain

*. Data from Villeneuve ef al. (1995)

°: Data from Hills and Mukherjee (1990)

?. Data from Villeneuve et al, (1995)

u1: adasnn Godfrey (1995 8191A8 Weber ttaz Mukherjee, 2008)



Table 8. Major specificities of lipases and their applications.

Specificity

Lipases

Production of

Regio specificity
1,3-Regio specific

Non-specific

Fatty acid specific
Long chain poly-
unsaturated acids
Saturated acids
cis-A9 unsaturated
acids

Short acids

Rhizomucor miehei
Rhizopus oryzae
Rhizopus arrhizus

Rhizopus delemar

Rhizopus niveus
Porcine pancreatic
lipase

Candida rugosa
Chromobacterium
viscosum
Pseudomonas
fluorescens
Pseudomonas cepacia

Geotrichum candidum
Candida rugosa
Fusarium oxysporum
Geotrichum candidum B

Cuphea sp.

Acylglycerol specific

Monoacylglycerols

Mono- and
diacylglycerols

Triacylglycerols

Potato acylhydrolase
(patatin)
Penicillium camembertii

Penicillium cyclopium M1
Fusarium sp.
Penicillium roquefortii

Penicillium cyclopium M1
Penicillium expansum

triglyceride synthesis

1,2(2,3)-diglycerides by triglyceride
hydrolysis

1,3-diglyceride by fatty acid
(directed) esterification

2-monoglycerides by triglyceride
hydrolysis

1(3)-monoglycerides by fatty acid
esterification

fatty acid production by hydrolysis

mono- and diglycerides by directed
glycerolysis

Selective hydrolysis

Selective hydrolysis
Selective hydrolysis

Selective hydrolysis

Monoglycerides by fatty acid
esterification

Mono- and diglycerides by fatty
acid esterification

1,2-Diglycerides by triglyceride
hydrolysis or alcoholysis

31: Diks uaz Bosley (2000)
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Figure 11. Graphical representation of the mechanismic steps of triglyceride ester-bond
transesterification.
E: enzyme, F: intermediate product, Bd: biodiesel
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Table 9. Source of free and immobilized lipases used for biodiesel production.
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Commercial
Lipase source Supplier Support Reference
name
Candida antarctica SP435 Novo Acrylic resin® Nelson et al., 1996
Novozym 435 Novo Acrylic resin® Shimada et al., 1996
Chirazyme L-2 Roche None Lee et al., 2002
Candida cylindracea OF Meito Sangyo None Lara and Park 2004
Candida rucosa - Meito Sangyo None Kaieda et al., 2001

Chromobacteriun
viscosum
Cryptococcus spp. S-2

Pocine pancreatic

Pseudomonas cepacia

Pseudomonas

fluorescence

Mucor Miehei

Rhizopus oryzae
Thermomyces

lanuginosa

Lipase produced
in the researcher’
laboratory

PS
PS
PS-30
PS-30

PS-D

AK
AK

AK

Lipozyme IM60

F-AP15
Lipozyme TL IM

Asahi

Sigma
Amano
Amano
Amano
Amano
Amano
Rhom GmbH
Amano
Amano
Amano
Novo
Amano

Novo
Novo

Celite-545"

None

Anion exchange
resin

. (b
Sol-gel matrix

None

None
Pyllosilicate
sol-gel matrix ®
Diatomaceous
carth”

None

None

Porous
kaolinite"”
Polypropylene
EP100"

Anion exchange
resin"”
None

Acrylic resin®
Pyllosilicate
sol-gel matrix"”

Shah et al., 2004

Kamini and Iefuji
2001

Yesiloglu, 2004
Noureddini et al.,
2005

Kaieda et al., 2001
Abigor et al., 2000
Hsu et al., 2002

Salis et al., 2005b

Mittlebach, 1990
Kaieda et al., 2001
Iso et al., 2001

Soumanou and
Bornscheuer, 2003b
Nelson et al., 1996

Kaieda et al., 1999
Du et al., 2003
Hsu et al., 2004b

@, Commercially available immobilised lipases.

®, . . . . . .
: Lipases immobilised by researchers in their own laboratories.

b: reference no.2

17 Salis tagaM (2007)
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Enzyme Carrier
Activity, stability, Properties form, shape,

selectivity ore size, particle size
' Process '
development

F< > Condition
pH ripping, consecutive pH, lonic strength,

modification, washing, Temperature, loading and
binding chemistry

Figure 13. Illustration of general procedures for enzyme immobilization.

17: Cao (2005)

3.3.1 MIASUUUIVEN (Support-Binding method)

= v =R anR YY) I~ anA A Y o 1% = 4
MIAsUUILEe Taemmzisoameiudinguiuasntenlddrmsoasaou la
[~ y ' Ju o A~ ' 3' 1 [
lawla 1flum saseTaemaronszninueu lsinudangsd luazarni lasansoudeldidu - 4

A
HUUN®
A ] I~ v W Y]
l)a%@ﬂm‘umqmﬂmw (physical-adsorption  method) HumsduudIeuse

4 a .. . & =
lalasou usanuaesna (vanderwals force)uazmﬂaimTWUﬂ (hydrophobic interaction) %389

[ 1

' Jou A o A g < . Y Aa
bl 'J'NTJJLaf}ﬁﬂlﬂﬁl@uul“ﬁuﬂﬂWU‘II@Q@'JWEJQVIHJU‘U@Q!HN (solid support) averiannunane
Aa sa o % A Yy Y S dy Aa o Awv o o
‘JJﬁJmAmaat@u%u%@@%uuuquﬁﬂa ﬂ'JHJHJiJEUu‘U@QL@uul"]fN@ﬂWHWN'Jsllf]\i@'JWfaNVIﬁllWﬁﬂU
o 1 =2 1 A A d X A Y 9
!@uul"]fllﬁllﬁgﬁ'nqﬂﬁg‘]J'Jl‘lﬂ'lﬁﬂﬁ\igﬂ ﬂaTJﬂf)ﬂ%ﬂﬁium@ﬁl@uqmﬂﬂﬁﬂZﬂﬂngNQT UANUIVUUU
PR = 1A A . = A Y 9
‘Uf)\uf)uul“]fﬂﬂal“]fﬁluﬂ'lﬁﬁﬁﬁ HASUMPIFANYATNYA (saturation) LAZVINNUNITINOAIMVNUUUDY

o 1 dy 1 Yya o . . J dy
!@uulclfilul‘l]MWﬂﬂ’JWﬂuﬂ$ﬁﬁWﬁﬁlﬂﬂﬁ]ﬂiii\lmlww (specific activity) “Uﬁ)\‘ll@ullclfllﬁﬂaﬁ HaNIINU

Jy W

a 3 I o Ao o 1 = o = Aa
Qmﬁquuﬁm’)ﬁ’]ﬂlﬂuﬂ‘ﬂﬂfJVlﬁWﬂﬂJuﬂﬂﬂ'ﬁﬁi\‘]Lﬂuvl“ﬁﬂJIﬂﬂlﬂW1$ﬂ']ﬁ@lﬁ\uﬂull“]fﬂﬂﬂﬁ'lwENVI?JZWEH

E]

v
axany o

A [l 1 1 4 % 1 = Y A A

!‘HENEﬂ']ﬂflmE’NWaﬁ@ﬂWﬁLLWﬁﬂlﬁlQLﬂullclﬁJul‘]JGluﬂ’JWQ\i !L@]ﬂ']'iﬂ‘i\iL@uulclfllﬂﬂﬂ'lﬁullell'ﬂlﬁﬂﬂLﬂﬂﬂ']ﬂ
= ~ o do o Ay g o q ¥ I @

ﬂ1iﬂﬂlﬁuﬂ’)ﬂuﬂlﬂﬂlﬂu"lcﬁhﬂUG]’JWEJQ‘I/]llﬂJLL"INLL‘N 1/]ﬂfﬁLf]uhlclfilﬂJIE)ﬂ'lﬁﬁq@ﬂ@ﬂ%Wﬂﬁ’JWEqN

(desorption) 1&g

[

A, o Aa a I 4
2) I3V AMIeRUTLD00NN (ionic-binding method) 1WHMTATAUDU larsid a5

v ]
ad A = U A

=] I 9 v Qddy o o = EEY)
ﬂﬂﬂﬂﬂi%i}‘Lﬂu’l‘ﬁﬂﬂﬂlm&’iﬂﬂfﬂuﬂﬂu”lu ’J‘ﬁu@”lﬂﬂﬁﬂﬂﬂﬁﬂ\‘lﬁ]ﬂﬂﬁ%ﬁ)“llff]\il@uhl“]fuﬂﬂﬁ'lwfN‘VI

q

1 A A a 9 dyo/ = 4 I v o R L4
davvesTuanafaunsonana)asudeenld uenviniidulinsenuaeing udrdudaeulan]
PAudanga

v K

a I o A o
3) 339ubAA8TaNe (metal-binding method) 1WHMINTa Tagode TanensuGHY

a2 A

[l [ A ~ =~ A s 1 Liy
ﬁ')um']ﬂlﬂulﬂa@mﬂqulﬂﬂ']luﬂu Llazl,@]fﬂjﬂl,uﬂil !u'ﬂqﬂ']ﬂ’t’]@ﬂulclfﬂsll@\iiaﬁglﬁa']ulluuwy



26

v K

A 1% 4 I~ o
4) I530TaR T IA1aUA (covalent-binding method) WumsaTaeulyiila o
[ A @ 1 o @ 9 @ (Qddy o 9y
o M sFoNNUsE sz Tuanaveweu lainudamgadieiuse Innuaua 5inszii lden
4 aaa ] 1 4 o =\ <
1o RRsenFudounaz JUNTI LAM ST UEE AN g (Kennedy and Cabral,
1987)
3.3.2 M3AIWVVHBRH (Entrapment method)
= T 9 I =3 Ia 9 1 1 1 A Ty
msasauuvedu Wumsesuou lsivass Nnelusesinuesaiteniovodu
Myy A A v o D) P Y 'y
o Tl Baregenne neeyliasuedriumiesnld  Tagazeeulnimsunsiy 1eenveq
1Y) Aa o 4 [ I A, ] Aa
Tuanavesduaasnuazkansuyt aunsouteldily 3w fe Fmsvedudlena A3ms
] Y 9 Y ad ] Y 9 <
voruadadule tagiTmveruaeuallygaviia@n (Kennedy and Cabral, 1987)

(] < as = o A A Y o [ 1 = Ya
p619 150 Msas 3o lagl lanlantenldnuediauns naresde msliisga

H v 9y
= o o A %

1Y) A I a A Y 9 = SY Qc!dy
FUNINENINH D991 ‘ﬁ“l/lﬁ”liﬂiﬂ%ﬂﬂﬂ”lﬂllﬁ%@]ﬂﬂﬂ@] ﬂﬂmmmmauﬂwmmw%

o v W d v a Y A <) @ 1 & = 1 1
mﬁamnmmmmu"lw NUAIUBDIAINEYN mﬂumammmawuﬁzaauq %Q%zﬂﬂ@@]@gﬂiﬁﬂlﬂﬂ

4 a 1
Turanaou lsivseusnans swlooun

3.4 MmngadmSumsasseulsilanla

Angauaaztialinsmiassimngauuananueen 1l Taeauauiavesdangsn

Y
Aa

Ao INUAHIIMTUMITR 1Mzan LAuantia lumIAaaenMIFUHINYOIA1T  (permeability)
Y

ho))

Y
anvazreu (hydrophilicity) ua hiazateluih danuasdideaisall usenatazanuiou J

ZD

[ = 1 ~ o o a ~ Y
[LRREVIISINIYRN] mmmgaxgﬂﬂwmmzau ﬁ'lﬂﬂii]ﬂﬂ\iﬂuﬂWit;]ﬂT]1aWEJi]1ﬂi]ﬁuTlifﬂﬂ (13 b MEVR PR3]
o 1Y ] Y 3 a § 4
nauan 141114 (Kennedy and Cabral, 1987) Taodangatinaaianigniulion ledaunsod
1 1 qaz’ o ~ 1 a 9 [ a 3 A 1 a
Toglugngumaniuuazaamgan liligngu waa lanniaguainvnaneyiia Nntodlusssuina
] 1] n’d?l o = Y] kY a ] 1] = Z <
LAZHIUNITEUATIEUUU Lﬂullclmllﬁ!']Jﬁ'f’f?1]"Iiﬂﬂiﬂgﬂﬂﬂ@’JWQ\ihlﬂﬁa”lﬂ‘Huﬂ L%uﬂuwuﬂuuuﬂ
A o A < a J
AodINgInuawo oS
& o @ Y A £
ueAALIa (accurel) Lﬂuqumu"lmu mamsminiu porous polypropylene %313
= ] Jo 12 o’/l . Aa o FY =<
wiuranvatevuauaz iyl duans 16fd7 (Salis er al., 2009) Dol lunsadegl
1 Y 1
= a

Y an o A < @ AaA A =2
L@uq%uﬂﬁﬂﬁﬁﬂii@ﬂ%ﬂ NHMINTW LUBDIIN LBARLID lf]J‘L!G]’JWEJ\Tﬂ UNUNKHI °lumi&mmmm

9 9
ldwdlrll o o

L4 :z‘ [~ A Y 1 o 9y o @ Y ]
L@uhl“]ﬂJiJ'lﬂ VI\?EJ\?LTJHﬁWiVIU]JﬁJ"U'JﬂQ llf‘wﬁ'lElu'WI111’7\‘1'lEJG]f]fﬂﬁ'u'lvl‘]Jslﬂfl,La$ﬂ'liu'lﬂﬁ‘]J3J']ﬁlﬂ)'Gh’iiJ
v ' '
Table 10 HAAIVUIABYNIAVBILDAYTAVLIAAIE TauNIVIRVRIgHTURa il Tagad
0 1 ] I 1 A A Y = 1 ] I A L
umﬁ1&101umui‘ﬁiyi]szummamummﬂmummmmwqﬂ3Jﬂa1Mulmmuaummaﬂmaslmymw
~ < Y ~ ldgl 1 9 o =1 ld? 9
‘mwamuamzmu"l@mmumm@mﬂ%aumumNaGl,wgwqumamawqmmumiwmﬂumﬂﬂma

=& [ Y wvAa = = 1 o
Fevzdawa lnnuantialumsai o lsitinnuuanaies fuoen i



27

Table 10. Granulometric analysis of different accurel materials.

Average pore

Particle size’ N Range pore
Accurel sample Span diameter
(um) diameter (um)
(um)
Accurel EP 100, <200 pm 200 1.1 9° 4-17°
Accurel EP 100, 200-350 pm 230 1.0 11° 8-15°
Accurel MP 1001, 400-1000 pm 440 0.81 23° 12-35"
Accurel MP 1000, <1500 pm 610 1.5 25° 12-35°

* Determined by laser light scattering, presented as the volume median diameter d(0.5).
®Size distribution is expressed as span = d(0.5)/[d(0.9) - d(0.1)].

‘ Measured manually on SEM picture with magnification 500x.

‘Measured on SEM picture with magnification 100x.

117: Sabbani LazAME (2006)
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Figure 14. SEM of Accurel EP 100 in different particle sizes (p).
A : p <200 pm at a magnification of 25x
B: p <200 pm at a magnification of 500x
C:p 200-350 pm at a magnification of 500%

A11: aau1)aga1n Sabbani azady (2006)
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Y
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Table 11. Structure, systematic, trivial, and shorthand names of some common fatty acids.

Structure

CH,(CH,),,COOH
CH,(CH,),,COOH

CH,(CH,),,COOH
CH,(CH,).CH=CH(CH,),COOH
CH,(CH,),,COOH
CH,(CH.),CH=CH(CH,),COOH
CH,(CH,).CH=CH(CH,),COOH
CH,(CH,).CH=CH(CH,),COOH
CH,(CH,),(CH,CH=CH),(CH,),COOH
CH,(CH,CH=CH),(CH,),COOH
CH,(CH,),(CH,CH=CH),(CH,),COOH
CH,(CH,),;COOH
CH,(CH,),(CH,CH=CH),(CH,),COOH
CH,y(CH,CH=CH),(CH,),COOH

CH,(CH,), COOH
CH,(CH,),CH=CH(CH,),,COOH
CH,(CH,CH=CH),(CH,),COOH

CH,(CH,),,COOH
CH,(CH,),CH=CH(CH,),,COOH

Systematic Name

Dodecanoic

Tetradecanoic

Hexadecanoic
Z-9-hexadecenoic
Octadecanoic

Z-9-octadecenoic
Z-11-octadecenoic
E-11-octadecenoic
Z,7-9.12-octadecadienoic

7,7, 7-9,12,15-octadecatrienoic
2,7, 7Z- 6, 9.12-octadecatrienoic
eicosanoic*

Z, 7.7, 7- 58,11, 14-eicosaletraenoic?
Z2.2.2,7.7-58.11.14,17-
eicosapentaenoic®

docosanoic

Z-13-docosenoic

22,77, 7,7-47,10,13,16,19-
docosahexaenoic

tetracosanoic
Z-15-tetracosenoic

Trivial Name/
Abbreviation
lauric
miyristic
palmitic
palmitoleic
stearic
oleic
cis-vaccenic
vaccenic
linoleic (LA)
o-linolenic (ALA)
v-linolenic (GLA)
arachidic
arachidonic (ARA)
EPA

behenic
erucic
DHA

lignoceric
nervonic

Shorthand Name
12:0

14:0

16:0

16:1 9¢

18:0

18:1 9¢

18:1 1l¢

18:1 11«

18:2 9¢.12¢

18:3 9¢,12¢,15¢
18:3 6¢.9¢.12¢
20:0

20:4 5¢.8¢c.11e.14¢
20:5 5¢.8¢.11¢,14¢.17¢

22:0

22:1 13c¢

22:6 4¢,7¢,
10¢.13¢,16¢,19¢
24:0

24:1 15¢

n-or @

* : Icosa- replaced eicosa- in systematic nomenclature in 1975, but the latter is still widely used in

the current literature.

NN Scrimgeour 18¢ Harwood (2005)
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Table 12. Iodine value and fatty acid content of the major commodity oils.

Todine Fatty acid
Type of oil

value C12:0 C14:0 C16:0 C18:0 C18:1 C18:2 C18:3
Palm oil 14.1-21.0 ND-0.5 0.5-2.0 39.3- 3.5-6.0 36.0- 9.0- ND-0.5

47.5 44.0 12.0
Palm olein > 56 0.1-0.5 0.5-1.5 38.0- 3.5-5.0 39.8- 10.0- ND-0.6

43.5 46.0 13.5
Palm sterin <48 0.1-0.5 1.0-2.0 48.0- 3.9-6.0 15.5- 3.0- 0.5
74.0 36.0 10.0
Palm kernel  50.0-55.0  45.0- 14.0- 6.5- 1.0-3.0 12.0- 1.0-3.5 ND-0.2
55.0 18.0 10.0 19.0
Coconut 6.3-10.6 45.1- 16.8- 7.5- 2.0-4.0 5.0- 1.0-2.5 ND
53.2 21.0 10.2 10.0
Peanut 86-107 ND-0.1 ND-0.1 8.0- 1.0-4.5 35.0- 13.0- ND-0.3
14.0 67.0 43.0
Jatropha 101 ND ND 14.9 6.0 41.2 37.4 ND
Rape seed 94-120 ND ND-0.2 1.5-6.0 0.5-3.1 8.0- 11.0- 5.0-

60.0 23.0 13.0
Soybean 124-139 ND-0.1 ND-0.2 8.0- 2.0-54 17.7-  49.8-59 5.0-
13.5 28.0 11.0

~ J aa 4
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Table 13. Chemical property of palm oil.

Property of palm oil Palm kernel oil Palm oil
lodine value 14-20 43-59
Acid value 20 15
Saponification value 240-257 195-210
Unsaponification matter (%) 1 1
Color (Lovibond) 10Y:1R25 Y:2.5R
Total saturated fatty acid (%) 78.82 48.05
Total unsaturated fatty acid (%) 21.18 51.95
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Table 14. Melting and crystallization peaks of diglycerides by differential scanning calorimetry.

Fusion peak  Melting point  Crystallization Onset of
Diglyceride . ) . .
(O ) peak (C) crystallization ('C)
1,2 PP 50.7 52.5 47.4 50.0
1,3 PP 71.5 75.0 62.5 65.0
1,200 22.7 26.0 3.2 10.0
1,300 24.6 283 10.9 15.7
1,2 PO 51.5 54.0 47.5 49.8
1,3 PO 41.7 453 28.0 30.6
PDG 22.8,30.43 47.0 -15,9.26.7 32.0

PDG: palm diglyceride mixture

NU7: Siew uaz NG (2000)
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fat and oil

oxygen, heat and water

volatile compounds non volatile compound
- hydrocarbons (polar and nonpolar)
- ketones - (cyclic monomer)
- aldehydes - (noncyclic monomer)
- furan - dimers
- carboxylic acids - trimers
- high molecular weight

compound
Figure 15. Degradation of frying oil.
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Figure 16. Physical and chemical reactions of oil that occur during frying.
N11: Warner (2008)
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Table 15. Some properties of alcohol fuels.

Fuel property Isoctane Methanol Ethanol
Cetane number - 5 8
Octane number 100 112 107
Auto-ignition temperature (K) 530 737 606
Latent heat of vaporization (MJ/Kg) 0.26 1.18 0.91
Lower heating value (MJ/Kg) 44.4 19.9 26.7

1211: Balat (2007) 814 1a@ Balat ttazaae (2008)
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Table 16. Comparison of ethanol yields (by volume) from various raw materials.

Raw material (one ton) Ethanol Yield ( liters )
molasses 260
sugar cane 70
fresh cassava 180
sorghum 70
grains (e.g., rice, corn) 375
coconut juice 83
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Table 17. Biodiesel production by lipase through different conditions.

46

Oil/fat source Alcohol Lipase source Solvent Type of reactor Conversion (c) or  Reference
vield (y)
(mol or wt%)
Sunflower oil Ethanol Pseudomonas Petroleum Bartch 82 (y) Mittlebach, 1990
fluorescens ether
Methanol Pseudomonas Solvent free 3-step batch > 90 Soumanou and
fluorescens Bornscheuer, 2003b
Methanol Candida antarctica Solvent free Membrane 97 (c) Bélafi-Baké er al.,
reactor 2002
Ethanol Mucor miehei Solvent free Batch 83 (v) Selmi and Thomas,
(4 cycles) 1998
Ethanol Porcine pancreatic Solvent free Batch 81 (y) Yesiloglu, 2004
Methanol Rhizomucor miehei Solvent free 3-step batch = 80 (c) Soumanou and
(8 cycles) Bornscheuer, 2003a
High oleic sunflower Butanol Rhizomucor miehei n-Hexane Packed bed = 80 (c) Dossat et al., 1999
oil reactor
Sunflower acid oil Methanol Candida antarctica n-Hexane Batch 63.6 (y) Tuter er al., 2004
Soybean oil Methanol Pseudomonas cepacia  Solvent free Batch ~ 60(y) Kaieda er al., 2001
Methanol Candida antarctica Solvent free 3-step batch 97 (y) Samukawa et al.,
(20 cycles) 2000
Methanol Thermomyces Solvent free Continuous batch 80-90 (v) Du et al., 2003
lanuginosa
Methanol Thermomyces Solvent free 3-step batch 94 (y) Xu er al., 2004
lanuginosa (15 cycles)
Methanol — Pseudomonas cepacia  Solvent free Batch (12 cycles) 67 (y) Noureddini er al.,
ethanol 2005
Methanol Rhizopus orvzae Solvent free Baich 80 (y) Kaieda et al., 1999
Degummed soybean Methanol Candida antarctica Solvent free 3-step batch 93.8 (¢) Watanabe er al.,
oil (25 cycles) 2002
Soybean and Methanol Candida antarctica Solvent free 3-step batch 98.4 (c) Shimada er al., 1999
rapeseed oil mixture 50 cycles
Methanol Candida antarctica Solvent free 3-packed-bed 93 (y) Watanabe er al.,
reactors (100 2000
days)
Triolein — safflower |-propanol Pseudomonas 1 4-dioxane Batch Iso et al., 2001
oil 1-propanol fluorescens Solvent free Batch (10 cycles)
Triolein Fusel oil-like Pseudomonas Solvent free Batch 100 (¢) Salis er al., 2005b
mixture cepacia
Nigerian lauric Ethanol Pseudomonas Solvent free Batch 72 (c¢) Abigor et al., 2000
oils (palm kernel L-butanol cepacia
and coconut) Pseudomonas Solvent free Batch 40 (¢)
cepacia
Castor oil Ethanol Rhizemucor miehei n-Hexane Batch 98 (c) De Oliveira er al.,
2004
Cotton seed-oil Primary and Candida antarctica Solvent free Baich 91.5 (methanol) Kise er al., 2002
secondary
alcohols
Methanol Rhizomucor miehei Solvent free Baich =90 (c) Soumanou and
(8 cycles) Bornscheuer, 2003b
Rice bran oil Methanol Cryptococcits spp. Solvent free Batch 80.2 (y) Kamini and lefuji,
S-2 2001
Methanol Candida antarctica Solvent free Batch 98 (c) Lai er al., 2005
Jaitropha oil Ethanol Chromobacterium Solvent free Batch 92 (y) Shah er al., 2004
viscoum
Waste activated Methanol Candida cvlindracea Diesel fuel Batch ~ 100 (y) Kojima et al., 2004
bleaching earths Methanol Rhizopus oryzae Water Batch 55 (y) Lara Pizarro and
(ABE) oil Park. 2003
Waste edible-oil Methanol Candida antarctica Solvent free Packed-bed 90 (y) Watanabe et al.,
reactor (100 2001
days)
Tallow (other oils) Primary alcohols Mucor Miehei n-Hexane Batch =90 (¢) Nelson et al., 1996
Restaurant grease Methanol Pseudomonas Solvent free Batch 98 (y) Hsu er al., 2002
cepacia
Methanol Candida antarctica Solvent free Batch 96 (c) Lee et al., 2002
Ethanol Burkholderia Solvent free Packed bed =96 (y) Hsu et al., 2004a
cepacia reactor
Fractionated lard Methanol Candida antarctica Solvent free Batch 58 (c) Lee et al., 2002

a : Commercially available immobilised lipases.

b : Lipases immobilised by researchers in their own laboratories.

17: Salis et al. (2007)
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Figure 17. Packed-bed reactor of immobilized enzyme.
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Figure 19. Continuous biodiesel productions in packed-bed columns.
(A): substrate bottle, (B): enzyme column 1, (C): product bottle 1, (D): enzyme

column 2, (E): product bottle 2
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Figure 20. Continuous biodiesel production in packed-bed columns with separations column. The
column was controled temperature by hot water from water bath. (A): substrate bottle, (B):
enzyme column 1 (with hot water jacket), (C): product bottle 1, (D): enzyme column 2

(with hot water jacket), (E): product bottle 2, (F): substrate pump, (G): water bath.
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Figure 21. Recycle system for transesterificaton of used palm oil in packed-bed column.

(A): substrate bottle, (B): enzyme column, (C): substrate pump.

Figure 22. Purification of biodiesel by silica gel column.

(A): silica gel column, (B): final product bottle, (C): biodiesel bottle, (D): peristaltic pump.



UNN 3

a d
HWallasIIUNAN1INAADdI

[

= Jd A = o d Y v
1. ﬂ15ﬂﬂ‘H19\1f’]1]33ﬂf’]ﬂ!!ﬁ$ﬂﬂ!iﬂ~l°ﬂﬂ‘Vl%?!ﬂNellﬂQun\l‘l—!‘lhﬁlﬂ‘lﬂ!a?

s wva ~ :’ o &2 g 3 9 a =

pensznouuaz puantamunaiiveniniu FudumsasdulumsnaaluTodaa
I @ o w o a 4 J.
Wudualsdrdalumsth ) feenuuumsnaaluTedma Taseu lasl lanla iiiosninoulaxiil

o 1 [ o Aaaa o vAa

anusumzasdudasnlumsnilgnser snrwamsAnyiesflszneutazguaulianmuniive
Y 1
o o J [V 1 1 . ] a %
iuhdulduddanansly Table 18 WuNTAINTA (acid value) FLUBNDILTIMNTA TUTU
a A 1 oy % [ A 1 1 Oy o Jd A 4 a Qo'o %
paszilogluiuiu iy 1.2420.25 Taslimganiansaveainiuiaus Tl usgnidmsy

a & A = A oy o 4 Y 9 9
Uﬁjﬂﬂﬁ1mu1ﬂﬁﬂ1u@.ﬁﬁ1ﬁﬂiﬁn PIUAT1DYN 0.6 Lummﬂumuﬂmuﬁlmmgﬂﬁlﬂumiw@ﬂ

U

'
a =<

v Y
psNgungige Faluszrinmsneaszlihnesninoneiisdservinliinanmsdosaais

U

nsaluifueenninlasndire 1sd laslfnsenlalaslada 1ndeyanisinsiziesnilsznouves

Y
o 9

] Y
ihrudenies TLC/FID wun luiihduilhdulsuand Sesazuesosnisznon lulasname lsa
nsa lufudease lanawe lsduaz Tulundme'lsa luilSuasesas 93.54, 0.59, 570 1ag 0.60

v '
aud ey TagazmiuldahesdlszaovdiuIvavesiniuthduily uddsnadlulasndive’lsd

v ] v
]

= = =i I 4 A =1 9 £ v A A oy o
HAgUaIUNDN Lﬂaﬂuhlﬂ!,ﬂumﬂﬂizﬂauau W 308aT 6.46 Gmﬂsﬂlleuuuaﬁimma“luumu

a L1l

a

thdulFudrannsanldonlihiluluTefea drvdfasoneameilinduvesnsaluiudaszuay
ueanosed lav ms anuven au'leilanla uaz'linelW mailamt ves mafaayued
HanszNUAo1lnIen

A a 1 = 2’ o 4 Y Y =P Y & 1

wennsana leToAuveniniuihdnlduas wunliaumniy 52.91+0.18 F30g

9 v v
Tugeanle TeAuveuiniuthduTasiall Tasaidsnantisuenas Usinansaluiulidudalu
g} o £ 1 =) 1 =\ o 1A v 4 a =
iy Fevna leTedugauansn Tnsalviiu TuoudniluesddsznonludSuamnuay 3
a A Aaaa a o A oy P2
Temamamsiiunignsenoendiadu (oxidation rancidity) Tuanmziiimazeinmslade
9

uaziiaraasufiiuaiulesoonlad Tavamleseon ledueainiu 1haulduda iy 0.5
£ 1 2’ o P Y Aa o < 9 1 a Aaan a o g} %
gannnnluihduhdautlsus Iaanliandes waasimsmaldsoeendnsuveainiu
v A Y 4’

Aa 1 an o . . g’ o S AqY Y A
gty Wenasa A1 deutiingu (saponification value) 51]@\11«!']3J1!‘1J1ﬁll1/]1%!=£ﬁ3 NUNUA

[} § [ 1 an o 091 v 4 o & 1w [ I~ o
N 184.84+0.25 Favioenaiandeuiiiiaruasainiuihannalyd deadenarn azldiluda

'
C=)

' dyd A 09} @ 1< J
WaFDevaves Tuananietimiin luanavesnsa lviiuiiluesdilszneuluTuanaves

=S 4 o = g} % a o’/’ 1 A g’ % t:;dl Aan u'/ c; =
Ul@]iﬂm“b’@‘liﬂ Glu"lwumaumwvuﬂuuq nanaeNunim woullingu AMuaasniina

@ d‘d r?} o I I3 an Y] 4
lugiunivimin Tuanagailuesdlszneu (Mo Sautuud, 2541)

64



65

[ ' v Y
werhim andeutifingu s ranimin lwanaveuihly wunazianmny
910.53 nsuae Iua uazleTouMeuny 11UIT8UB9 Kaewthong (2004) FadnyInsHan 1ulu
a = Aaaa [} Aaaa 4
Fanaesoadielgnsendwe s lada Tasmasalfnsevesou el lanaasey Uluszuuy
1 A 1 g’ &% 14 A A 9 S 3' v & o Y
aoities waznun hiuihdulomdunldlumsneassianiminluwana  Fdwawldonn
Aaaa Aany o T W = <3 Y1 2} o AN YA 1 o
Ufnsen aleuivlindu iy 838.22 Gz lananiminTuanan laiauanaiany
<3 9 ogj dy A I o 1 Aan o [ 09/ @ 9
@nes Netimed Manumsmuiuana s1deuilingu Tasaniiviinluana amnsnls
< v ° a S o Ay Y, o
WudoyalumsdnnamlSuanihiundedddlumsnaassiuse i
I 9 Y v
deninsanTuani luriniy (water content) WuHTH 0.86 nFuRBIIMIIA
v 1 v I
11351 100 NS ¥ Foresti azAnz (2007) Menunfsuanihimingauaomasaljnsen 1o
' v v Y
amoesthaduvesou lmilanlasveglugidosar  0.2-3 Fede ldifSinaniitioglusiniu
4 Yy 9 1 1 ~ ] o Aaaa Y <3 Y1 oy o J Yy 9
hauldudreglurrimunzanaemsinlnsen TaenmsmudregmnIdininiuihay 19udn
A ) = v A Y @ 3' @ s A 9 a o A 3 @ 1 A 9
mhndnudlinanmlndifesiuiuivihaunldlumsusaan 2l iesnniudiedsin 1
& A 3' o Aq Y a  of
910 159UAEMNI TV IMIIFINNMIAIUANIeI TINvahiun 15 lunssuumsnaailu

v
v W 1 =

' = 3 da}g/ 9 I gJ o S A A o ' 1 Y
BYNA VNHu’]ﬁJu@')ﬂﬂ’N‘ﬂllﬂiJhllﬂuunJu‘l]']ﬁlﬂﬂF\nuﬂqjtﬂﬂﬂWaﬁﬂmm@qﬁqﬁﬁlzﬂllﬁﬁm@ﬂ U N

1 v

I Y = 1 Aa =1 0o w @ 1
wazdan ifuay seluserinnssuiumsnanzll mMInn UANAUNTNUDIUINY Tagdaninsa
v A B 9 S 9 J U . ~ a9
llsllllllﬁlf’fig (FFA) 3693412801 1 tagA1 TPM (% of Total Polar Materials) m”lmﬂus@ﬂaz
£ 1 =KX 9 4 d'dg// ua/' 3’ v A a
25 #3971 TPM UaA9095 08azvev0dnlsenounivinimua luhiuiinavninnsnea Useneu
[ Y] Aa o Jd o a 091 Y 4 a
mJmﬁmm@?ﬁumNammmwaqmsmmmzﬂmﬂﬂmﬂau“luummﬁa“l%’wmﬁmwmqmﬂ%’qm
g’ o A s}d! a A a [ = 1 Y a
mmumuwmmmﬂﬂamﬂﬁzﬁmmwmmﬂszmuwamm:"lumwmﬁﬂﬁaqmmwmammiﬂﬂ

a d A o A o 3} o J Y Y o
mﬂﬂﬁmmww%uﬂﬂlmmﬂlléuaJum‘iJumﬂ‘lJizﬂaualuumuﬂmuﬁlcmm ANLLAAN

&%

1 4 o oy s I %
Tu Table 18 wuesnlszneunanvesii uthavezilunsaluduaienans (C-16 uaz C-18)
I [ ] ' a J Aaa a a a
Wudmlng ldun nsaleadn nsmhduiian uaznsaa luaon ludSunadeoas  43.85, 37.66

o o . 9o o S QY Y Aw & 2 Ay
uae 9.51 MUY ﬁ\‘lWﬂiﬁu"mu‘l_lnlaublﬂfua'Jllaﬂymglﬂum@ﬂlﬁajﬂqmﬁauﬁﬂﬂ (30 937

v IS)

~ A EZ a Ad % A a 3 %
CHRICT ) HONIINAUANUAVDIN sﬂTaLaaﬂmﬂuﬂiﬂllsuuullmumuazuﬂiu1mumiuumu

v
A o

J 2 o A { B2 J aa 2 o A a
1havzudedngungia luvazhguavidvesnsathaulanazuisdinguugivos

U

ISl i\

N a d Aaa [
110991INgAnaoNaIveINsA Tormdnuaznsalhaudanlia iy 16.2 1ag 62.9 oA usaidod
Y [
AU IFD (Scrimgeour and Harwood, 2005) Honanidaiinsa luiuaenasyiiaduldun nia
2 v
apsnuaznsa luSaan saunansalviuaeennensaeziinan uanuluillsnadmaeiesas
o W I~ 1 091 o 4

0.57, 1.08 uag 0.37 awday naramsnaaszmiu laininiuthauldudaon Tseumlsg)

= ° Yy Aa = A I oy v A v oa =
psnzatianun gaulumsihunldraa luTeda eosnmihnigiui daiqguainduag
9 a @ =2 A2 a oy o A 9 @ Y1 N
memsnanluszavgaarnssusilSunaniniuiunwed msutlowdngnszuiumsnan
e gy

Table 18. Properties and composition of used palm oil and palm olein.
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Used palm oil Palm olein
Property

in this study from other references
Acid value 1.24+0.25 0.6'
Saponification value 184.84+0.25 190-209°
Peroxide value 0.58£0.09 0.2-0.3"
Todine value 52.910.18 44-55'
Water content (%) 0.86+0.06 0.2°
Molecular weight (g/mol) * 910.53 838.22°
Composition (%) b
TG 93.54 96.07°
FFA 0.59 could not detect
DG 5.70 2.84°
MG 0.60 1.09°
Fatty acid composition (%) °
Lauric acid (C12:0) 0.57 0.1-1.1"
Myristic acid (C14:0) 1.08 0.9-1.4"
Palmitic acid (C16:0) 37.66 37.7-47.7"
Palmitoleic acid (C16:1) 0.21 0.1-0.4"
Heptadecanoic acid (C17:0) 0.11 -
Stearic acid (C18:0) 4.26 4.0-48"
Oleic acid (C18:1) 43.85 40.7-439"
Linoleic acid (C18:2) 9.51 10.4-13.4"
Linolenic acid (C18:3) 0.27 0.1-0.6"
Arachidic acid (C20:0) 0.37 0.2-0.5"

TG = Triglyceride, FFA = Free fatty acid, DG = Diglyceride, MG = Monoglyceride
* Calculated from saponification value

*Determined by TLC/FID

¢ Determined by GC/FID

‘won. 288-2535 8191A0 INTIU AT (2546)

* Scrimgeour (2005)

"5 Saunuud (2541)

¥ Kaewthong (2004)

" Maclellan (1983) alae Kaewthong (2004)
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Table 19. Characteristic of lipases in palm olein hydrolysis.
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Activity " .
Activity
(U/mg Immobilized Immobilized
Lipase (U/mg . .
commercial yield (%) activity (%)
support)
lipase)
PS (Pseudomonas cepacia) 5.74+0.07 3.3240.41 95.89+4.36 61.77+5.41
AK (Pseudomonas fluorescens) 5.41+0.12 4.21+0.32 97.90+0.77 86.83+3.10
AY (Candida rugosa) 5.18+0.37 1.60+0.14 97.39+0.86 45.50+12.72
TL IM (Thermomyces lanuginosa) ND 3.92+0.61 ND ND

ND: not determined.

*Activity of lipase was determined by cupric acetate method.
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Figure 23. Time course of hydrolysis reaction of used palm oil by immobilized lipases. A reaction
mixture consisted of 0.168 g used palm oil, 10% water, and 10 % immobilized lipase by
oil weight, was incubated at 45 °C at 500 rpm. (A) Lipase PS, (B) Lipase AY, (C) Lipase
AK, and (D) Lipozyme TL IM. TG: Triglyceride; DG: Diglyceride; MG: Monoglyceride;

FFA: Free fatty acid.
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Figure 24. Comparision of hydrolysis activity of used palm oil by four immobilized lipases. A
reaction mixture consisted of used palm oil 0.168 g, 10% water and 10% immobilized
lipase by oil weight, was incubated at 45 °C at 500 rpm. (A) Time course of free fatty acid
formulation by hydrolysis reaction of used palm oil; (B) Relative yield of free fatty acid
content after 12 h. Different letters within the same product indicate significant

differences (p <.05).
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Figure 25. Time course of transesterification of used palm oil by immobilized lipases. A reaction
mixture consisted of 0.168 g used palm oil, ethanol was added in the mole ratio of 1:3
(oil: ethanol), 2 % water, and 10 % immobilized lipase by oil weight, was incubated at
45 °C at 500 rpm. (A) Lipase PS, (B) Lipase AY, (C) Lipase AK, and (D) Lipozyme
TL IM. TG: Triglyceride; DG: Diglyceride; MG: Monoglyceride; FFA: Free fatty acid;
FAEE: Fatty acid ethyl ester. TG: Triglyceride; DG: Diglyceride; MG: Monoglyceride;
FFA: Free fatty acid; FAEE: Fatty acid ethyl ester.



76

100

80

S
=}

[\*]
<

Fatty acid ethyl ester (%)

0
0 2 6 10 12
Time(h)
—O— LipasePS —1— Lipase AK
—/— LipaseAY —X~— Lipozyme TL IM
100
2 (B)
8 | T
X
=
S 60
-5
>
=
T 40 |
= b
(54
«
220 |
E c
0 1
PS AK AY TL IM

Type of enzyme

Figure 26. Comparison of transesterification activity of used palm oil by four immobilized lipases. A
reaction mixture consisted used palm oil 0.168 g, ethanol was added in the mole ratio of
1:3 (oil: ethanol), 2% water, and 10% immobilized lipase by oil weight, was incubated at
45 °C at 500 rpm. (A) Time course of fatty acid ethyl ester formulation by
transesterification reaction; (B) Relative yield of fatty acid ethyl ester content after 12 h.

Different letters within the same product indicate significant differences (p < .05).
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Figure 27. Time course of the direct esterification of palmitic acid using immobilized lipases. A
reaction mixture consisted of 0.168 g palmitic acid dissolved in 1 ml of hexane, ethanol
was added in the molar ratio of 1:1 (palmitic acid: ethanol), 0.9 % water, and 10 %
immobilized lipase by oil weight, was incubated at 45 °C at 500 rpm. (A) Lipase PS, (B)
Lipase AY, (C) Lipase AK, and (D) Lipozyme TL IM. FFA: Free fatty acid; FAEE: Fatty

acid ethyl ester.
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Figure 28. Comparison of esterification activity of four immobilized lipases. A reaction mixture
consisted of 0.168 g palmitic acid dissolved in 1 ml of hexane, ethanol was added in the
molar ratio of 1:1 (palmitic acid: ethanol), 0.9 % water, and 10 % immobilized lipase by
oil weight, was incubated at 45 °C at 500 rpm. (A) Time course of palmitic acid ethyl
ester formulation by esterification reaction; (B) Relative yield of palmitic acid ethyl ester
content after 12 h. Different letters within the same product indicate significant

differences (p < .05).



81

{ aaa an o 4 1 aaa

Tuvazilulgnsoneamosiinduen lainiagi Lipase PS ansasalgnsenla
4 1 aan = @
gagauaziou lyl N19MsA Lipozyme TL M awnsnsalfnsenld Indifiesiy Lipase PS
A . . ’a ' aaa J any v Yy
599090710 Lipase AK 1ag Lipase AY 1o lsgifidmnsasalfisemsudiodmoilngu 14aa
4 X p - X
Ngano Lipase AK Tuvmziou el Lipase PS, Lipozyme TL IM 1182 Lipase AY 1#nanssui
4 v A <3 1

$ovaz 83, 24 uay 6 1oReUNUAINTTUUDY Lipase AK Tasvzifin'la1 Lipase PS 11ag Lipase
4 g /d a A a avg A o oA < s a
AK  Fuilweulmiinaanindegaunidanafoinuas Pseudomonas 11vou laaind

' g} 3 Iy asxl @ 0 P4 A < @
mmmmaa“lumiﬂaﬂﬁawumu"lmmEN’mu15amqmllﬂ“luﬁmazmmmuaaLﬂuﬁummw

= < v o
sagtanutluaiiiazate

Table 20. Relative activity of immobilized lipases.

Relative activity (%)

Immobilized lipase

Hydrolysis Esterification Transesterification
Lipase PS 71 100 83
Lipase AK 74 76 100
Lipase AY 100 4 6
Lipozyme TL IM 65 94 24

Relative activity: The yield of the product from each enzyme compared to the maximum yields in
the same reaction.
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Figure 29. Comparision of ethyl ester production from used palm oil by single and mixed
immobilized lipases. A reaction mixture consisted of 0.168 g used palm oil, 10% water,
and 10 % immobilized lipases by oil weight, ethanol was added in the mole ratio of 1:3
(oil: ethanol) at 30 min, was incubated at 45 °C at 500 rpm. (A): Lipase AK (B): Lipase
PS and AY (C): Lipase AK and AY. TG: Triglyceride; DG: Diglyceride; MG:

Monoglyceride; FFA: Free fatty acid; FAEE: Fatty acid ethyl ester.
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Figure 30. Effect of ethanol addition time on fatty acid ethyl ester production by tranesterification of

used palm oil using mixed immobilized Lipases AK and Lipase AY. A reaction mixture
consisted of 0.168 g of used palm oil, 3:1 molar ratio of ethanol: oil was added at 30 min,
10% of water, and 10 % of immobilized lipases based on oil weight, was incubated at
45 °C at 500 rpm. (A): Control (0 min, Lipase AK), (B): 0 min, (C): 30 min, (D): 60 min.

TG: Triglyceride; DG: Diglyceride; MG: Monoglyceride; FFA: Free fatty acid; FAEE:
Fatty acid ethyl ester.
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Figure 31. Comparison of ethanol addition time on tranesterification activity of mixed immobilized
Lipase AK and Lipase AY. A reaction mixture consisted of 0.168 g of used palm oil, 3:1
molar ratio of ethanol: oil, 10% of water, and 10 % of immobilized lipases based on oil
weight, was incubated at 45 °C at 500 rpm. (A) Time course of fatty acid ethyl ester
formulate by transesterification reaction; (B) Relative yield of fatty acid ethyl ester content

after 12 hour. Control: Lipase AK (0 min). Different letters within the same product

indicate significant differences (p <.05).
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Figure 32. Effect of enzyme ratio on fatty acid ethyl ester production by tranesterification of used
palm oil using mixed immobilized lipases. A reaction mixture consisted of 0.168 g of used
palm oil, 3:1 molar ratio of ethanol: oil, 10% of water, and 10 % of immobilized lipases
based on oil weight, was incubated at 45 °C at 500 rpm. (A): 25:75 (B): 50:50 and (C): 100:0
of immobilized lipase AK:AY. TG:Triglyceride; DG:Diglyceride; MG:Monoglyceride; FFA:

Free fatty acid; FAEE: Fatty acid ethyl ester.
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Figure 33. Comparison of immobilized lipases ratio on tranesterification reaction. A reaction mixture
consisted of 0.168 g of used palm oil, 3:1 molar ratio of ethanol: oil, 10% of water, and 10
% of immobilized lipases based on oil weight, was incubated at 45 °C at 500 rpm. (A)
Time course of fatty acid ethyl ester formulation by transesterification reaction; (B) Initial
rateand relative yield of fatty acid ethyl ester content after 12 h. Different letters within the

same product indicate significant differences (p < .05).
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Figure 34. Effect of water content on fatty acid ethyl ester production by tranesterification of used

palm oil using mixed immobilized lipases. A reaction mixture consisted of 0.168 g of used

palm oil, 3:1 molar ratio of ethanol: oil, and 10 % of mixed immobilized lipases AK and AY

based on oil weight, was incubated at 45 °C at 500 rpm. (A): Control (2%), (B): 5%, (C):

10%, (D): 15%, (E): 20% of water content. TG: Triglyceride; DG: Diglyceride; MG:

Monoglyceride; FFA: Free fatty acid; FAEE: Fatty acid ethyl ester.
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Figure 35. Comparison of water content on tranesterification reaction. A reaction mixture consisted of
0.168 g of used palm oil, 3:1 molar ratio of ethanol: oil, and 10 % of mixed immobilized
lipases AK and AY (50:50) based on oil weight, was incubated at 45°C at 500 rpm. Control
is 2% of water content. (A) Time course of fatty acid ethyl ester formulate by
transesterification reaction; (B) Initial rateand relative yield of fatty acid ethyl ester content

after 12 h. Different letters within the same product indicate significant differences

(p <.05).
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Figure 36. Effect of mixed immobilized lipase AK and AY (50: 50) content on fatty acid ethyl ester
production by tranesterification of used palm oil. A reaction mixture consisted of 0.168 g of
used palm oil, 3:1 molar ratio of ethanol: oil, and 2% of water was incubated at 45 °C at 500
rpm. (A): 1% (B): 5%, (C): 10%, (D): 15% of enzyme content. TG: Triglyceride; DG:

Diglyceride; MG: Monoglyceride; FFA: Free fatty acid; FAEE: Fatty acid ethyl ester.
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Figure 37. Comparison of amount of mixed immobilized lipase AK and AY (50: 50) on
tranesterification reaction. A reaction mixture consisted of 0.168 g of used palm oil, 3:1
molar ratio of ethanol: oil, and 2% of water was incubated at 45 °C at 500 rpm. (A) Time
course of fatty acid ethyl ester formulation by transesterification reaction; (B) Initial rate
and relative yield of fatty acid ethyl ester content after 12 h. Different letters within the

same product indicate significant differences (p < .05).
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Figure 38. Effect of ethanol molar ratio on fatty acid ethyl ester production by tranesterification of
used palm oil. A reaction mixture consisted of 0.168 g of used palm oil, 10% of mixed
immobilized lipase AK and AY (50:50), and 2% of water based on oil weight, was incubated
at 45 °C at 500 rpm. (A): 1:1 (B): 2:1, (C): 3:1 of ethanol: oil molar ratio. TG: Triglyceride;

DG: Diglyceride; MG: Monoglyceride; FFA: Free fatty acid; FAEE: Fatty acid ethyl ester.
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Figure 39. Comparison of ethanol: oil molar ratio on tranesterification reaction. A reaction mixture
consisted of 0.168 g of used palm oil, 10% of mixed immobilized lipase AK and AY
(50:50), and 2% of water based on oil weight, was incubated at 45 °C at 500 rpm. (A) Time
course of fatty acid ethyl ester formulation by transesterification reaction; (B) Initial
rateand relative yield of fatty acid ethyl ester content after 12 h. Different letters within the

same product indicate significant differences (p < .05).
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Figure 40. Effect of stepwise ethanol addition on fatty acid ethyl ester production by tranesterification
of used palm oil. A reaction mixture consisted of 0.168 g of used palm oil, 10% of mixed
immobilized lipase AK and AY (50:50), and 2% of water based on oil weight, was incubated
at 45 °C at 500 rpm. (A): 1 molar ratio of ethanol was add at 0, 1, and 2 h, (3 step) (B): 2 and
1 molar ratio of ethanol was add at 0 h and 2 h, (2 step) (C): 3 molar ratio of ethanol was add

at 0 h, (1 step). TG: Triglyceride; DG: Diglyceride; MG: Monoglyceride; FFA: Free fatty
acid; FAEE: Fatty acid ethyl ester.



105

100
X 80
3
2 60
>
=
-5}
= 40
[P}
<
0 L 1 1 1 1 1
0 2 4 Time6(h) 8 10 12
—/—1step —O—2step {1 3step
100
B
( )- 1.0
80 B ‘Tfﬂ
4 0.8 =
o
& 60 g
S 106 2
= £
2 Y
~ 40T 104 B
u g
20 r i 'c
0.2 5
0 0.0

1 step 2 step 3 step
Stepwise of ethanol addition

Figure 41. Comparison of stepwise ethanol addition on tranesterification reaction. A reaction mixture
consisted of 0.168 g of used palm oil, 10% of mixed immobilized lipase AK and AY
(50:50), and 2% of water based on oil weight, was incubated at 45 °C at 500 rpm. (A) Time
course of fatty acid ethyl ester formulation by transesterification reaction; (B) Initial rate
and relative yield of fatty acid ethyl ester content after 12 h. Different letters within the

same product indicate significant differences (p < .05).
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Figure 43. Effect of immobilized enzymes distribution on continuous biodiesel production in packed-
bed column. A reaction mixture consisted of ethanol and used palm oil at molar ratio of
3:1, immobilized lipases AK and AY (50:50) 1 g. (A): Column 1 using mixed immobilized
enzymes (Lipase AK and Lipase AY), (B):Column 2 using separately immobilized
enzymes (packed Lipase AY on the bottom and Lipase AK on the top). Close circle and

open circle in packed column represent Lipase AK and Lipase AY, respectively.
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Figure 44. Effect of extended retention time on continuous biodiesel production in packed-bed
column. A reaction mixture consisted of ethanol and used palm at molar ratio of 3:1, mixed
immobilized lipases AK and AY (50:50) 1 g, substrate flow rate was 0.05 ml/min at 45 °c.

Retention time of the substrates in column were 30 min(A) and 120 min(B).
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Figure 45. Continuous biodiesel production with dual packed-bed column. A reaction mixture
consisted of ethanol and used palm oil at molar ratio of 3:1, mixed immobilized lipases AK

and AY (50:50) 1 g, substrate flow rate was 0.25 ml/min at 45 °c. (A): column 1, (B):

column 2.
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Figure 46. Continuous biodiesel production in packed-bed column with stepwise ethanol addition. A
reaction mixture consisted of used palm oil and ethanol at 1:2 molar ratio in column 1 and
1:1 molar ratio in column 2, mixed immobilized lipases AK and AY (50:50) 1 g, substrate

flow rate was 0.25 ml/min at 45 °C. (A): column 1, (B): column 2, ethanol was added

before flow in column 2 by peristaltic pump.
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Figure 47. Continuous biodiesel production in packed-bed column by hydrolysis of used palm oil
followed by transesterification. A reaction mixture consisted of used frying oil and water
(10% of oil weight) in column 1 and 1: 3 molar ratio of oil: ethanol in column 2, substrate
flow rate was 0.1 ml/min at 45 °C. (A): column 1 (immobilized Lipase AY 1 g), (B):
column 2 (immobilized Lipase AK 1 g).
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Figure 48. Continuous biodiesel production in packed-bed column with recycles system. Immobilized
Lipase AK 0.4 g was packed in the column; a reaction mixture consisted of ethanol and
used palm oil at molar ratio of 3:1, substrate flow rate was 0.1 ml/min at 45 °C. The arrow

showed the addition of ethanol.
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5. Annuansatazlsmansaluiudaszangas

1 a 1 { Aa Aana [ 4
ansa =1Usuaeanlys (@aaaas) x anududua1e (Uesuoa) x 56.1

Y
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WHUNAI0I1 (NTN)
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@ 1

WINUNAIBYN (NTN)
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2. msrimadeudita¥y (Saponification Number, S.N.)
a A a o = I o Y a v g} % A o o
Henw: NaansuvesInunmFonleason ladni ldnaayluiniunie ludu 1 nsy

dd' a dJd
il Flumsinngdi
~ I o A SY =& ~ Y
1. TnunaFoulaasonled 0.5 uosuoa luenausanogodsosas 95 Funsonllog
Yoo 5 Junould vazarsazaten 1@ hiasuamae s
o
2. ATANARITUTY 0.5 UosUOA
3. Wusrimandosas 1
an
IEMInaasa
v o 1 I ¥ oy o ] % ] o d‘ Y
1. ¥adeena it lavhninuuuen 1.2 a5y laluvandunazorauazusia
a 4 A Aaa | [
2. wnensazag InunaFon laasonlad 25 Haaans Tasldtilanaz ldgnuialuvia
v 9
AAUAIY
@ A o 9 a oy 1 1 a a o I~ N4 Y A
3. danTesnaundoudarimaoganuniunazitlaaing WS Wangarsazareldineawn
U 1 21U
4. vaaldasazargesnainyanau
a A = o
5. euluennau 5 neaudd lamsadlensamaotudy 0.5 uasuoa
= d 1 = Y [
6. 193 0ULAL LA TALL AN IFUAIINUAIDE1

7. innamaleutiiinguaingas

A lounlingy (SN.) = (b-a)x Nx 56.1

4

a | @ J a aa
b =1Suasnsanaenlylamsnduuuass (iadans)
a = d' 9 [ 1 Aa Aaa
a :ﬂiiJ']ﬁiﬂ'iﬂLﬂﬁ@ﬂﬁlG]fllﬂmiﬁﬂ“]JGI'JfJEJN (Vaaan9)
Yy 9 A J
N = ANUUYNYHVIDINTANAD (UBINDA)

Y
W = HHHNAI0819 (NTN)

Y 9 v
mafa anhviin Tuanavesiuiumie luiuninmaendeudivagy
Y
WmiinTuana = 1000 x 3 x 56.1
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3. mamauteseanlaa (Peroxide Value, P.V.)
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1. AsazaeNauszaEaniunan IsWesy ons1aIu 3: 2

2. msazawdui TnunaFen le Te'lag (K1)

3. ansazao Isdon In Tedama (Na,S,0,. SH,0) 1Wud 0.1 uesuoa

Y
o Yy 9 9
4. Wil (soluble starch) HINUUTDIAL 1

35MsnAaed

' Y
1. ¥adeda i Idimdnuivey laluviavina 250 iaaans

Table 22. Available sample for P.V. determination.
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0-12
12-20
20-30
30-50

50-90

5.0-2.0
2.0-1.2
1.2-0.8
0.8-0.5

0.5-0.3

a aa 4 a Aaa 1 @ 1
2. ANEIsazawesFAn- nas lswesu 25 Haaans LmﬂWiﬁﬁﬂﬂﬂTﬂﬁ$aWﬂ
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a A o = J
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S 9 3 tay YA ~
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4. @NMINAY 75 Yaaans

aa a 9 U
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5. lawsnduasazareTa@en InTodama wioumveodnanssau ldasazaned

) Y Y
midesepuauiwile 0.5 Haaans ud lamsnae lsudiih@uvuall @ms
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[ J 4
Aunesoan lud = (a-b) x N x 1000

4

a: Is1asvesmsazare ey InTedamla 1l lamsanudleda (adans)
b: USuasvesensazate Ta@on InTodama 14 lawmsndunuass (Jaaans)
N: anududuvesasazats Tadon InTedama (Losuoa)

v
W: HIHUNAI9819A 10819 (NTY)

4. m3maleledu (Iodine Number, LN.)
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Hey: aleTedu Ao S1unsuvedle Teaunanaadu Iaeiniu 100 NSy

G u

dd' a d
Ny lumsInagy
1. Wij’s solution
4
2. Tnunadeon'lo To lagdudu 10%
[ 4
3. Tiden In Todamla (Na,S,0,. SH,0) 19udu 0.1 wosuoa
4. 1o Tnataniasu (cyclohexane)
Y
5. dwiladududosas 1
asn
IEMInaasa
o'/ Y 1 Y Slg} Y 1 o‘/ uy Y] 1 d‘ a o’dgl (Y] 1
1. Faegna 1 lahiinmiveu @rahmindrednimunzaulumsinngviuegium

A A [ 1 A Aaa A Y
ToToAunaanziulumiig ldluviagisuyvuia 500 Jaddas Nazorauazuia

Table 23. Available sample for I.N. determination.

mleTodufinmanz i vmiindea
<5 3.00
5-20 1.00
21-50 0.4
51-100 0.2
101-150 0.13

151-200 0.1
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a

a a o aa a a o QSII {
3. @uesaza1ead 25 danans lasthlauazldlaretlinlaasadneviadiesiuiunsan
Y v
HUUBUUAZIMIAUNNATINNINTNADDY
Y ] v
4. wenvaauazad 3 lunia 1-2 $2Tuq
A = J A A Aaa oy 9 = 9
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w
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5. MIMANINIINV U |u3IA283T Cupric acetate (Cupric acetate method)

= dd' a d
msmssumaainlylumsinizy

1. Cupric acetate-pyridine reagent
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v Y v v
%4 cupric acetate (C,H,Cu0,.H,0) 50 N34 aza1s1u1i1nau 850 aaans nieaaium

Niagaseenaniuliufies IR 18wy 6.1 TaeldInsau (pyridine) tazdsulsuag
gameliiilu 1 ans Seiindu (@l Inenad, 2548)
2. mamssnasazanavlearlniivivles adnududu 0.2 Tuaas

(Perin and Dempsey, 1974 #141ae a3 Fe ﬁjdsﬁ’l?gﬂ, 2542)

w3enTasmInauaIsazals A uaz B 1 1dey 7.0 Tag

@1382810 A 10 0.2 M monobasic sodium phosphate Fua38'14 1asn13%9 NaH,PO,. 2H,0 $1u7u

Y v
31.21 54 azaneluiiingu 1 ans

71502019 B A0 0.2 M dibasic sodium phosphate Faa301 14 Inon15%3 Na,HPO,. 2H,0 $117U

Y 1
36.61 N5 azaneluiiingu 1 ans

o d1508018 A a13a2a71y B
6.0 87.7 12.3
6.1 85.0 15.0
6.2 81.5 18.5
6.3 71.5 22.5
6.4 73.5 26.5
6.5 68.5 31.5
6.6 62.5 37.5
6.7 56.5 43.5
6.8 51.0 49.0
6.9 45.0 55.0
7.0 39.0 61.0
7.1 33.0 67.0
7.2 28.0 72.0
7.3 23.0 71.0
7.4 19.0 81.0
7.5 16.0 84.0
7.6 13.0 87.0
7.7 10.5 90.5
7.8 8.5 91.5
7.9 7.0 93.0
8.0 5.3 94.7

o A P ~ A Yy A o a
LN G9 ﬂ'l'iﬂﬁ‘UWLE]G]WI@Q@3’Jﬂﬁ'@ﬂWL’E)GI)'"’Uf]\1ﬁ']ﬁ'ﬂ3'@181/]1@@')8&?]3?]\13@1/‘"@6]5
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D wuleaaaivilos ey 7 151105 0.5 Yaaans luviasanaasavuia 10 Yaaans
a P a a a Aaa ~ J XK 9
2) anensazaeon lsiimionazrinanssuiuag 0.2 dadans (nsaiou leiaiagl 1y
A Aa o 9 3’ o I~
1 Haaniu) wazlmihnauwiluganiugy
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ZITUNIU)
o aaa d’ U d‘ 1 =) d' a =) =
3) 111PNTeUUATEUVEIN 300 50UADUIN NYUNYT 45 DIA AT WY 15 UIN
aan 4 a a Aaa [ o
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amnuh) Jamsganauuaananuenaan 715 wluwas wag Auaumilsinansa
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NMTATUIN
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v Y
A A A

Y J aa
slope: laa1nnsuasgiunsathauiian luniide 0.0979
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A AN a

a @ 1 A Y AqY an
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Figure 49. Standard curve of palmitic acid.
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d Y : LY d
1. wamsannzrunalasanlans i (Gass chromatography) vestiniuhaulyugs

PA ]
800 -
700 3 -
600 3 =
500 3 ©
E o
400 3 2 B2 9 9
300 5 o9 g §
200 A - S g |
100 3 3 Z’,‘ § 8§ 8% §> |
E Y| O < Ll o ol b !
0 T B R e T i i S S e T i e S S S DN I B — T 1
0 5 10 15 20 25 30 min
Sample Time % Fatty Acid
No. Compound Name
Name (Min) Methyl Ester
1 Used Palm  2.594  Lauric Acid Methyl Ester (C12:0) 0.56678
Oil 3.041 Myristic Acid Methyl Ester (C14:0) 1.07900
3.883  Palmitic Acid Methyl Ester (C16:0) 37.66280
4.065 Pamitoleic Acid Methyl Ester (C16:1) 0.20916
4.530 Heptadecanoic Acid Methyl Ester (C17:0) 0.11193
5.426  Stearic Acid Methyl Ester (C18:0) 4.26333
5.704  Oleic Acid Methyl Ester (C18:1) 43.85114
6.267 Linoleic Acid Methyl Ester (C18:2) 9.50762
7.202  Linolenic Acid Methyl Ester (C18:3) 0.26725
8.279  Arachidic Acid Methyl Ester (C20:0) 0.37067

Test Instrument: HP 6850 Gas Chomatograph with Flame Photometric Detector

Test Technique: Gas Chromatography
Condition: Inlet temperature: 290 OC, Detector temperature: 300 °c
Oven temperature: initial 210 °C hold 25 minutes

Ramp to 250 °Cat20 OC/min, hold 5 minutes

Column: Select Biodiesel for Fame, length 30 m., 320 um 1.D., 0.25 um film thickness

Figure 50. GC chromatogram of used palm oil fatty acid.
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2. WamINA3IZH TLC/FID vodlulofisa

0.00 0.05 0.10 0.15 0.20 0.25

Peak Ret. Time Pk.Start Pk.End Height
Area Area %
no (min) (min) (min) (mV)
1 0.062 0.042 0.100 2952 3.68 11.670
2 0.125 0.112 0.195 10147 9.38 40.118
3 0.218 0.205 0.282 1615 1.40 6.383
4 0.328 0.303 0.327 1284 2.80 5.078
5 0.338 0.327 0.395 6877 7.43 27.189
6 0.450 0.435 0.472 2418 6.11 9.561
25294 30.79 100.000
Condition:

Stationary phase: Chromorod —SIII
Mobile phase: n-hexane: diethyl ether: formic acid (50:20:0.3)
Gas flow: H, 160 mL/min, Air 2 L/min

Scanning speed: 30 s/scan

Figure 51. TLC/FID chromatogram of fatty acid ethyl ester.
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Table 24. TLC/FID report.

Peak no Compound name % of compound
1 Fatty acid ethyl ester 11.67
2 Triglyceride 40.11
3 Free fatty acid 6.38
4 1,3 Diglyceride 5.08
5 1,2 Diglyceride 27.19

6 Monoglyceride 9.56
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MANHIN A

HINIZIH

Y
Table 25. W0N. 288-2535 MAsgIURAANMdigaa s sy uuhdudmSuus Ina: esniszney

voansa lviu
NUNNNKUA
~ @ gl o 4 a g’ % I3 =S
519A15N Asa laiu dniuldusssumauaz  dniuilduledau
Y
rhduiunssuas AUNTTUID
1 n5Aa93n (lauric acid) Tupu 12 Tupu 1.2
2 N5 luSaAN (myristic acid) 0.5045.9 0.5045.9
Jaa .. . =3 =
3 NIANIANAN (palmitic acid) 32 99 59 32 9959
J A Aa . . . 9 ' 9 '
4 nsatauilaaen (palmitoleic acid) 198N 0.6 198N 0.6
5 AIATATETN (stearic acid) 1.5 94 8.0 15096
6 n3alem@dn (oleic acid) 27 9452 3594 52
7 nsa laTuadn (linoleic acid) 504914 1094 16
8 A3a laTuaiin (linolenic acid) TP 1.5 Tupu 1.5
9 A3ADLIIFAN (arachidic acid) TP 1.0 TP 1.0

N1 INITTU ATYY (2546)
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