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ABSTRACT

This special project studied biodiesel production from beef tallow using two-step
catalyzed process. In first step, sulfuric acid was used as an acid catalyst while potassium
hydroxide was chosen as a basic catalyst in the second step. In addition, factors affecting
percentage methyl ester as well as the optimal condition for biodiesel production was also
investigated. The effects of amount of catalyst, temperature, reaction time and methanol to oil
molar ratio were studied. It was found that the optimum conditions for biodiesel production from
beef tallow using two-step catalyzed process were using 2 wt% of sulfuric acid, methanol to oil
molar ratio of 6:1, at 45 °C and reaction time of 40 minutes. The highest methyl ester content
from this condition was found to be 97.56 % . In addition, it was found that the acid value and the
percentage methyl ester of the produced biodiesel was in the acceptable ranges according to

Announcement from Department of Energy Business, Ministry of Energy.
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2.2 n3AlvITM (Fatty Acids)
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n-Butanoic A3AYINTN (Butyric acid) CH,(CH,),COOH 4:0
n-Hexanoic N3 1W3dn (Caproic acid) CHACH.) COOH 6:0
n-Octanoic n3aA1INSAN (Caprylic acid) CH,(CH,),COOH e



Fomandl Fomitey gastnil PMSAULD
n-Decanoic NIAAINGA (Capric acid) CH,(CH,);COOH 10:0
n-Dodecanoic nNSAADIN (Lauric acid) CH,(CH,),,COOH 12:0
n-Tetradecanoic nsa luSaan (Myristic acid) CH,(CH,},,COOH 14:0
n-Hexadecanoic nsathaiian (Palmitic acid) CH,(CH,),,CO0H 16:0
n-Octadecanoic NIRRT (Stearic acid) CH,(CH,),,COOH 18:0
n-Eicosanoic NIADLIINAN (Arachidic acid) CH,(CH,) ,COOH 20:0
n-Docosanoic n3AYTIN (Behenic acid) CH,(CH,),,COOH 22:0
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n-Pentanoic NSANASN (Valeric acid) CH,(CH,),COOH 5:0
n-Heptanoic NIADUUUNN (Enanthic acid) CH,(CH,).COOH 7:0
n-Nonanoic nsg ﬂ‘ﬁm‘ﬁﬂﬁﬂ (Pelargonic acid) CH,(CH,),COOH 9:0
n-Undecanoic - CH,(CH,),COOH 11:0
n-Tridecanoic - CH,(CH,),,COOH 13:0
n-Pentadecanoic - CH,(CH,),,COOH L i
n-Heptadecanoic ﬂ'iﬂm';mcﬁ'ﬂ (Margaric acid) CH,(CH,),,COOH 17:0

737 - Deman, 1992 (9136913 91560, 2548)
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Polyunsaturated (Polyethenoid) Fatty Acids (PUFA) Wungalviiusiialuduaan
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CH,- (CH,),~ CH = CH - CH, - CH = CH - (CH,),- COOH

9.12-octadecadienoic acid (18:2)
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15 12 9

CH,- CH,-~CH=CH-CH, - CH=CH~CH,-CH =CH - (CH,),- COOH

9,12,15-octadeksatrienoic acid (18:3)
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CH,- (CH,),~ (CH = CH - CH, ), - (CH,),- COOH

5.8.11.14 -eicosatetraenoic acid (20:4)
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RYEINGLY 20 48 32

N : Cori, 1996 (313d9lu 11561, 2548)
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(Saturated fatty acids) oz 11duA7 (Unsaturated fatty acids) adnaaaluaisian 2.3 Tasasiia
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Lower | Cy=Cy 11 - - . .
Myristic 14:0 12 3 1 1 1
Palmitic 16:0 31 26 25 25 23
Stearic 18:0 11 14 14 4 4
wiiahidu)
Palmioleic 16:1 4 3 3 7 5
Oleic 18:1 24 47 47 43 47
Linoleic 18:2 3 % 8 18 16
Linolenic 18:3 1 | . - 2
8149 - 3 3 2 2 2

37 : Bitman, 1974 (9190910 Ygy500, 2554)
vnmsAnaudamaniraznamemuved lviula lTdnadaaaalumeei 24

o sy = s =y et o r: at = r-f‘i
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ANADUINAY b 40-48 33-46 33-40 23-26
Titer ‘e 40-47 34-42 40-47 20-24
AMwBt Iz fi2s°C - 0.860-0.870  0.858-0.864  0.921-0.925  0.917-0.919
Msnuruoaad 7l 25°C - 1.454-1458  1.459-1.461  1449-1455  1.448-1.450

W7 Pike. 1994 (813031 11560, 2548)
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miliulysnaaniavesingavlaemsiujasenommesiiaduialdnsaidludus al§sen
(Acid esterification) naraaluzy 2.3 udrTniwansmain 18 i §asemswd

wenmosindu Iaslfumiudus wljisome (Ramadhas., ef al, 2005)
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3. MslEdesmMuaeMsNAl TN TadY & guugll 110 aarsaIiud uazm

1 = 4‘1 = = :’ -7 - = -3 Y a oy ey - %
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I Tadnn 96.5 EN 14103
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3 AIWKILR 0 QUi 40 "% L ; T 3.5
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o [y E ay @
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5 Tganar | 00010 | ASTM D2622
(Sulphur} (Yowt.)
NN
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AINANT DULHUNBIAY Bi g
¥ gand | wneaw | ASTM D 130
{Copper Strip Corrosion}
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3.1.1 gunsal
¥
1. gunsailumsanminiuen luiuln
1.1 1A (Gas stove)

1.2 fW U3 (Filter Cloth)
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! | ' [~
2.1 n5ealianudoumazninud1unanimansy C-MAG HST ( Stirrer Hotplates )
U3HN Thai Pure Science Co.. Ltd.
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a J da a o ;
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454
()

2.4 Lﬂ?@&ﬂiﬂdﬁﬂﬂ')mﬁu (Filtration pressure)

25 ineeanaiion 2 dunis

2.6 VIADUNAVAINAD (3-neck round-bottomed flask )
2.7 m‘%‘mmuuﬁu (Condenser)

2.8 N3UuN (Separatory funnel)

2.9 uMauUMan (Magnet)

2.10 193099 (Glassware)
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aa d a

2.12 Lﬂ?ﬂ&’ajﬂlmxﬂQUﬂMQm‘VmMﬂlﬁﬂﬂﬁ@uﬂﬁ’(E]ectronic Contact Thermometers)
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2.13 N3ZAIWNTOI Whatman 11935 2 (Filter paper)
@ '
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Designation Fovoansaluiiy Yer misald

C8:0 Caprylic acid 2/100g 0.06
C12:0 Lauric acid ¢/100g 0.39
C13:0 Tridecanoic acid g/100g 0.02
C14:0 Myristic acid g/100g 8.78
Cl4:1 Myristoleic acid g/100g 0.68
C15:0 Pentadecanoic acid g/100g 0.63
Cl5:1 Cis-10-Pentadecenoic acid ¢/100g 0.17
Cl16:0 Palmitic acid 2/100g 32.74
C16:1t9 Palmitelaidic methyl ester g/100g 0.02
C16:1 n-7 Palmitoleic acid 2/100g 1.62
C17:0 Heptadecanoic acid g/100g 1.16
€171 Cis-10-Heptadecenoic acid g/100g 0.33
C18:0 Stearic acid g/100g 25.93
Cl18:1n-9 Cis-9-Octadecenoic acid g/100g 2493
CIR: 1 azd Cis-Vaccenic acid g/100g 0.97
C18:2 n-6 Cis-9.12-Octadecadienoic acid g/100g 0.79
C18:2t9t12 Trans-Octadecadienoic acid g/100g 0.13
C18:3n-3 Cis-9,12,15-Octadecatrienoic acid g/100g 0.09
C18:3 n-6 Cis-6,9,12-Octadecatrienoic acid 2/100g 0.11
C18:4 n-3 Moroctic acid 2/100g 0.12
C20:0 Arachidic acid g/100g 0.16
C20:1 n-9 Cis-11-Eicosenoic acid g/100g 0.07
C20:2 n-6 Cis-11.14-Eicosadienoic acid g/100g 0.02
C20:3 n-6 Cis-8.11.14-Eicosatrienoic acid g/100g 0.02
©22:0 Behenic acid 2/100g 0.03
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mavvaaydanavoInsa lviiu Fwdasdudnyol laoaa10ns R, R,, R, w31 4.2 wui R

9 E
uaazaItuIa luananiny 223 gmol A4 R 1133 @d9iliura luanaminy 669 g/mol

dl y o b o ¥ o & . é
(15190 4.3)  wazior lUsawnvuaalumnaludiuiives Triglyceride %91 lwana

J | o o
ﬂszﬂauﬁ’wamammmmau (C) IMNU 6 agadN "lﬂmmu (H) M1y 5 Deaoy Loy

[ b "
PONTFIIU (0) AU 6 aznow (3UN 42) azldIniniunnlviulafivialuanalaumde

IMINU 842 g/mol

H

H— C— OOCR,

H— rlz— OOCR,

H —?— OOCR,

H

Triglyceride

31N 42 Ins9a319v04 Triglyceride

M 3199 4.3 MsannumBNalagave NHNH N lviiula

Inseadn | walwaga | oasradm Haga
¥HANIA 1Ty R, R, R, R, R, R, @aluana
(%) HALONI 18 IN)
Caprylic acid o - 101 0.06 0.0606
Lauric acid e 155 0.39 0.6045
Tridecanoic acid LR, 169 0.02 0.0338
Myristic acid G 183 8.78 16.0674
Myristoleic acid sl 235 0.68 1.5980
Pentadecanoic acid L 5 7 197 0.63 1.2411
Cis-10-Pentadecenoic acid Calls 209 0:17 0.3553
Palmitic acid C,H,, 2Ll 32.74 69.0814
Palmitelaidic methyl ester C,H,, 223 0.02 0.0446
Palmitoleic acid CicHs, 209 1.62 3.3858
Heptadecanoic acid C ol 225 l.16 2.6100
Cis-10-Heptadecenoic acid C,H,, 223 0.33 0.7359




33

Stearic acid CH,. 239 2593 61.9727
Cis-9-Octadecenoic acid Cials 237 24.93 59.0841
Cis-Vaccenic acid C;H,, 237 0.97 2,2989
Cis-9,12-Octadecadienoic acid £l 235 0.79 1.8565
Trans-Octadecadienoic acid C,,H,, 235 0.13 0.3055
Cis-9.12.15-Octadecatrienoic acid CiHss 233 0.09 0.2097
Cis-6.9.12-Octadecatrienoic acid C 233 0.11 0.2563
Moroctic acid oegem i g 231 0.12 0.2772
Arachidic acid € uHis 265’ 0.16 0.4272
Cis-11-Eicosenoic acid & yH 265 0.07 0.1855
Cis-11,14-Eicosadienoic acid C o 263 0.02 0.0526
Cis-8.11.14-Eicosatrienoic acid e - ' 261 0.02 | 0.0522
Behenic acid Copitha 295 0.03 0.0885
wralmana 223
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gATMINININ D = M/V

AVYA :
TumsnaasawanluTodadronizuiumsnsudaamas ilndu

MHUA :

Yo | = ! { \ e o 1 o @ P
l¥ons1arm IasTuasznnawmuaanoiiiuilu 20:1 Tasldiwmin luiumensuau
5101 100 n5u

MFAIHIN ;

¥V v
1 Twa i da = shmdn lwsiudonsudu (o)

wralwanavod T (g/mol)

100 g

842 g/mol
i
AN = 0.1188 mol

anmanaand lviuTa 1 mol 14mmIvea 20 mol

3
misrznziu laiula 0.1188 mol Aodldmueaminy 2.3760 mol

(% aﬂ: = a:a' 9/ = = d‘ ©
aariu Usumanunivean ¥ lunmisnaaosman lulodwa

nMvuaons1aIu laolua
v
ﬁzmnmmuaamﬁﬂmﬂu 20:1 M1 2.3760 mol x 32 g/mol = 96.0242 ml (96 ml)

0.7918 g/ml
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o U=y =
1-6 MIMIMNIATaNIIN
o v a a o ) 4 ey @ e @ dw
mifansagaiinnldlunszuiunsniudoames liadu 1353aa
Mrua :
o wialuanaveansatailiin = 98.08 g/mol
o MANUHUUUNYDINTAFANITN = 1.84 g/ml
gATMIMUIN D = M/V
AVUA -

Tunsnaasanan luToAwadronizuiumsniudoamosliadu

EE

¥ ¥ ¥ '
léniagaidzn 1% Tamiwiinveainie Iasldimin lvdudensudualsum 100

N5

MIANIN
1% <= 1/ x100g(= lg
100
ﬂgij?ﬁﬁﬂﬁﬂ“ﬁ'ﬁﬂﬁﬂﬁi% = 1lg x 98.08 g/mol

98.08 g/mol

1.84 g/ml

0.54 ml
= 0.6 ml
o

. ' ¥
dariu Uswamsadanisanldlumaneasswda luledmaniivua 1 % lagimiin

¥
YDIWYY MDY 0.6 ml
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n-7 msmnasinlesiiuananannla (Yield)

L Qr

o N~ o a oo 9/ = as @ o a
ﬂ'liﬂ'll!')ﬂ!‘H"IHJE)'HGUT-J@Nﬁﬂﬁﬂﬂulﬂ‘llﬂﬂv!ﬂiﬂﬂl“]fﬁﬁ'lil')‘ﬁ“l]@ﬁ NANY AITAWINYY

¥
(2550) Tasaunsaa1uIMINaUNIAD 11Tl

Yield = weight of product (g) x 100

weight of raw oil (g)

f20819N13AI1LIN

' ' Vv [
- 91nNINAanan 1 Faiminvoe v Tas udumidy 100.21 n5Y

oy s a &3 S 4 aa @ | ow [
-‘H'Iﬁ'l—!ﬂﬂ]'ﬂ\‘lUlﬂiﬂﬂl“ﬁﬁﬂﬂaﬁtlgljﬂ"lﬂﬂﬁ&’U’J‘Nﬂ"ﬁ'ﬂ'j”mmﬁ]ﬁ&‘l’lﬁ)ﬁﬂtﬂ‘ﬁum’]ﬂv 91.60 N3

¥
o

daiiosiduaranaan iy 91,60 x 100 =91.41 %

100.21

-8 tarman sl ssaziunaeamasalumaiin 'H-NMR
MsnlSuadesazvouunap@nesarumaiin 'H-NMR 8199301035015 v04

¥
A.0.C.5.(1989 9190311 Wanvisa, 2009) Tael9gas Tunmsfimanme il

4 '
% FAME = _100 x (2 x iunlafnyes — OCH, )

3 x Auhlaaves O-CH,
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A208139015 A 110
§ = & =] i a o - =
Tasunlasunsun ldnnmsimaz lulodwanman laoldnsadaiSaaudy 1% aremaiin

'H-NMR uaa3a317 n.1

ME 1% (1)

-OCH,

ppm

31 01 MegisanlnadivedluledmanldninmsimnizimniSinadesazifiaoames

(%FAME) lWlulofmsademnaiin 'H-NMR

4.498

k4 ]
nnlasinlaunsy:  Aunldfaves — OCH,
9 =
A

AYDI O-CH, 3.087

&
wunl

% FAME 100 x (2 x 4.498)

3 x3.087

97.14 %



MANUIN Y

NaNINATOUIAZ NS 1=

ME 1% (1)

-OCH,

- CH,
o i {ff ) {
AL = O-%. J S UV V1S

| T \
bR (8
O A

| @ o ! a ¢ ¢
Ui .1 MegsanansuvesluletmaildoinmsdmazrimmSnadosaznmaoamos

(%FAME) lylulofsadramatin 'H-NMR
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' & 4 i a a 2
M3 -1 Wunldnsnvnldenmsimsnzvimdsnadovaziufiaoanos (%FAME)

hlvlodradienatia 'H-NMR : #avoannuduvunsadan3n

AN
VOINIALAH TN S -OCH, Ol-CH, %FAME
WodiFudTnotimiin)
1 4.498 3.087 97.14
1 2 4.161 3.155 97.54
3 5.222 3.702 94.03
| 5.209 3.493 99.42
2 2 4.197 2.802 99.86
3 3413 2.329 97.70
| 6.072 4.350 93.06
3 2 4.593 3.247 94,30
3 5.655 3.888 96.70
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1] & 1 1 &
M3en -2 HuildnsildornmsdmazimlSinadosaziufiaeamos (%FAME)

hiluledwadumaiin 'H-NMR : wavosgarigil

QaIviQil o
. NMINANDIANTIN -OCH, 0-CH, %FAME
GG RIEGIEH))
1 5.196 3.622 95.64
45 2 4.927 3.359 97.79
3 4.033 2927 98.59
| 3.664 2557 95.53
35 2 4.015 2.680 99.88
3 4.343 2.922 99.09
1 5.307 3.612 97.95
2 5.128 3.522 97.07
60
& 3.691 2.638 93.28
1 4.564 3.298 92.26
65 2 4.850 3.378 96.72
3 4,299 3.045 94.12
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1 & 1 1 =
A15190 ¥-3 HunlansivnlaenmsimnzvmdlSnadevaziunateamoes (%FAME)

Tlvlefsademnaiia 'H-NMR : #avoaa)

m: M3NARDIASIT -OCH, 0/-CH, %FAME
(UM )
1 4.280 3.060 93.25
10 2 4.077 2,917 93.18
3 5.114 3.663 93.07
| 4.353 5,146 91.95
20 > 3.376 2.461 91.45
3 4106 2.766 98.96
i 4421 3.008 97.98
> 4,781 3.297 96.67
40
3 4.892 3.368 96.83
I 3.757 2,690 93.11
60 > 3.690 2.487 98.91
3 3.994 2.721 97.86
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ST ; 5 X %
5190 v-4 Hudlansivnldonmshmsizvmdsnadosaziufiaeaimes (%FAME)

hlulediradmatin 'H-NMR : avosdnsiaruinslvaveunnuoa

forisis
onsraulaslua » 2
v NSNANDINTIN <HH, O-CH, %FAME

(tIMuUDAUINY )

I 5.008 3.411 97.89

6:1 2 4.960 3,335 99.15

3 4.964 3.460 95.65

1 5327 3.638 97.62

10:1 2 4.191 2.903 96.25

3 5.071 3.390 99.72

| 5.449 3.844 94.50

20:1 2 4.647 3.386 91.49

3 4,745 3.273 96.65






