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Abstract

Biodiesel recently has become more attractive because of environmental
benefits and the fact that it is made from renewable resources. Nowadays, the high cost of
diesel-based petroleum is the main reason why biodiesel is attractive. The main problem in
biodiesel production is high vegetable oil cost. One way of possibility is to reduce the raw
material cost by using used frying oil. In this research study, used frying oil (UFO) from
restaurants was used to produce biodiesel through transesterification with methanol, using
sodium methoxide as a catalysts. A continuous transesterification was carried out by using a
cylindrical column volume of 735 ml. A series of experiments was conducted in order to
evaluate the effects of reaction variables such as catalyst concentration (0.5-1.5%wt), retention
time (5, 8, 12, 15 minute), methanol/oil molar ratio (5.5:1, 6:1, 6.5:1), free fatty acid (FFA)
content (0.5,1.0, 1.5%wt), temperature (50, 55, 60, 65°C) and stirring intensity 900 rpm to
achieve the maximum yield and purity. The purity of biodiesel is strongly depended on the
catalyst concentration and the molar ratio of methanol/oil while the temperature and retention
time of reaction shows the small influence. The most effected factors to yield of biodiesel are
free fatty acid (FFA) and catalyst concentration whereas the methanol/oil molar ratio,

retention time and temperature are mild influence.
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4.1.4 gaadaveanusal{nsen

]
=1

H 1 aan v a 9OI % 90’ b4 a
13199 4-1 ﬂﬁh?ﬁﬂl@ﬂ@]lliﬂﬂaﬂiEJ”I‘V]ﬂiﬂllsljll‘Ll’f]ﬁig 0.5% laguImunued 13y QUMY

K

60°C narlumsiinser s, 8, 12, 15 uH anududuvesdnsalgnser 0.5-1.1%Iae

H H 1 1 %} v
Wininvesiutazons1au luawmueaniiy 6:1

@ nalumsinl{nsen s i

AN uag ausalgnsen | Ausalgnsen Sounz
Yournse | dusalgnsen | nsaluiu fiido findeninns AMWLT N3
Ugasen main daszmadn MUNQH] Touasa vo9luToRa
(%) (mol/mol) (mol/mol) (mol/mol) (mol/mol) (%)
0.5 0.0784 0.0632 0.0152 0.0514 80.12
0.6 0.0941 0.0633 0.0308 0.0647 82.58
1.1 0.1725 0.0633 0.1092 0.1447 96.16
@ nalumsinl{nsen 8 i
GRRIEIE Y uas ausalgnsen | anselgnsen $ounz
VNI | Ausalgnsen n3a lugiu fido fiide AWLT N3
Ugnsen RNER daszman MUNYH) 1inms lawsa | vedluTediwa
(%) (mol/mol) (mol/mol) (mol/mol) (mol/mol) (%)
0.5 0.0784 0.0632 0.0152 0.0510 80.94
0.6 0.0941 0.0633 0.0308 0.0647 83.40
1.1 0.1725 0.0633 0.1092 0.1444 96.98
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H 1 aan { U a SO' v SO’ b4
19199 4-1 ﬂﬁll?ﬁﬂl@\i@]’lliﬂﬂaﬂifﬂ‘ﬁﬂiﬂ]’lﬂmuaﬁig 0.5% laguImunuead 13y UNHN

G
aaa S

60°C narlumsiinser s, 8, 12, 15 uH anududuvesdnsalgnser 0.5-1.1%Iae

[ U

7 7 2o
WrinYeI LAz BRI 1aIU Tuammueadel iy 6:1

@3) nalumsil{asen 12 i

Y

ANuNdu ez ausalisen | @usalgnsen Sounz
VNI | dusalgnsen n3a lugiu fiido fiido AMWLT N3
Ugnsen NE daszmadn AMUNYHY 1nms laasa | vesluTofiaa

(%) (mol/mol) (mol/mol) (mol/mol) (mol/mol) (%)

0.5 0.0784 0.0632 0.0152 0.0502 80.94

0.6 0.0941 0.0633 0.0308 0.0645 84.22

1.1 0.1725 0.0633 0.1092 0.1438 96.98
@ nalumsinlgnaen 15 i

GRRIEIE Y uas ausalgnsen | auselfgnsen $ounz
VNI | ansulgnse n3a lugiu fiido fiide ALT N3
Ugnsen ENE daszman MUNYH) vnmslaasa | vesluTefia

(%) (mol/mol) (mol/mol) (mol/mol) (mol/mol) (%)

0.5 0.0784 0.0632 0.0152 0.0497 81.76
0.6 0.0941 0.0633 0.0308 0.0638 84.22
0.7 0.1098 0.0633 0.0465 0.0783 85.03
0.8 0.1255 0.0633 0.0622 0.0941 88.31
0.9 0.1412 0.0633 0.0779 0.1096 95.67
1.0 0.1569 0.0633 0.0935 0.1234 96.49
1.1 0.1725 0.0633 0.1092 0.1428 97.31
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M3197 4-2 ganravesdnslfnseinga luiiuddase 1.0% Tasiminyoainiu quungil
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W UNveIINULILaY
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@ nalumsinl{nsen 5 i
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a

G

ANUTNTUYDIA T R381 0.8-1.3% Tag

4

AN ez ansalisen | dusalgasen Sounz
VAN | Ausulgnsen n3a lugiu fiido fiido AWLT N3
Ugnsen NEY daszmadn awngu] | minmslaesa | vesluTefiaa
(%) (mol/mol) (mol/mol) (mol/mol) (mol/mol) (%)
1.0 0.1569 0.0790 0.0779 0.1050 91.58
1.1 0.1725 0.0790 0.0935 0.1298 96.49
1.2 0.1945 0.0790 0.1155 0.1365 97.31
1.3 0.2039 0.0790 0.1249 0.1479 97.31
@ nalumsinl{nsen 8 i
GRRIEIE Y uas ansalnsen ansafnsen $ounz
YOI | Al n3a lugiu fido fiide AWLT N3
Ugnsen RNE daszman MUNYH) vinmslamsa | vodluTediwa
(%) (mol/mol) (mol/mol) (mol/mol) (mol/mol) (%)
1.0 0.1569 0.0790 0.0779 0.1042 92.40
1.1 0.1725 0.0790 0.0935 0.1286 96.49
1.2 0.1945 0.0790 0.1155 0.1356 98.13
1.3 0.2039 0.0790 0.1249 0.1442 98.45
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W UNveIINULILaY
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a

G

ANUTNTUYDIANT N3 81 0.8-1.3% g

AN huag ansalgnsen ansalnsen Sounz
YNy | ausulgnsen n3a lugiu fiido fiide AMWLT N3
Ugnsen NEY daszmadn AMUNYHY vinms laasa | voeluTofira
(%) (mol/mol) (mol/mol) (mol/mol) (mol/mol) (%)
1.0 0.1569 0.0790 0.0779 0.0949 93.22
1.1 0.1725 0.0790 0.0935 0.1271 98.13
1.2 0.1945 0.0790 0.1155 0.1336 98.45
1.3 0.2039 0.0790 0.1249 0.1397 98.78
@ nalumsinl{nsen 15 i
ANy uas ansansen ansansen $ounz
VNI | dusalgnsen n3a lugiu fido fide AWLT N3
Ugnsen RNER daszman MUNYH) vinms laasa | vedluTediwa
(%) (mol/mol) (mol/mol) (mol/mol) (mol/mol) (%)
0.8 0.1255 0.0790 0.0465 0.0717 91.58
0.9 0.1412 0.0790 0.0622 0.0862 94.04
1.0 0.1569 0.0790 0.0779 0.0940 94.04
1.1 0.1725 0.0790 0.0935 0.1269 98.45
1.2 0.1945 0.0790 0.1155 0.1317 98.78
1.3 0.2039 0.0790 0.1249 0.1368 98.95
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H 1 aan { 4 a 901 % 901 %
M319i 4-3 @;amammmmﬂgﬂimﬁﬂm"lwuaais 1.5% lagiiminueai 13y UNHN

G

aaa S

60°C narlumsiignse s, 8, 12, 15 uH anududuvesdnsalgnsel 1.2-1.5%Iag

[ U

7 7 2o
WrinYeI LAz BRI 1aIU Tuammueadel iy 6:1

@ nalumsinl{nsen 5 i

AN uag ansalgisen | ausalgnsen Sounz
YNl | @usalgnsen n3a lugiu fiido fiido AMWLT N3
Ugnsen NEY daszmadn awnguy | 9amslaasa | vesluTefiaa
(%) (mol/mol) (mol/mol) (mol/mol) (mol/mol) (%)
1.2 0.1882 0.0947 0.0935 0.1242 94.04
1.3 0.2039 0.0947 0.1092 0.1360 97.31
1.5 0.2353 0.0948 0.1405 0.1676 98.29
@ nalumsinl{nsen 8 i
GRRIEIE Y uas ausalgnsen | anselgnsen $ounz
VNIl | dusalgnien n3a lugiu fiido fiide ALT N3
Ugnsen RNE daszman MUNYH) vinms laasa | veeluTofiwa
(%) (mol/mol) (mol/mol) (mol/mol) (mol/mol) (%)
1.2 0.1882 0.0947 0.0935 0.1227 94.85
1.3 0.2039 0.0947 0.1092 0.1345 97.31
1.5 0.2353 0.0948 0.1405 0.1623 98.45
@3) nalumsiil{azen 12 i
AN uae ausalfnsen | auselgnsen $ounz
YouRuie | anselnsen n3a luiu fdo fide AWLT N3
IGGELY N daszman AN Y 1Inms lamsa | veeluTediaa
(%) (mol/mol) (mol/mol) (mol/mol) (mol/mol) (%)
1.2 0.1882 0.1002 0.0880 0.1190 95.67
1.3 0.2039 0.1000 0.1039 0.1286 98.13
1.5 0.2353 0.0997 0.1355 0.1570 98.95
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H 1 aan { 5 a 901 % 901 %
M319i 4-3 @;amammmmﬂgﬂimﬁﬂm"lﬂmuaasz 1.5% lagiiminueai 13y UNHN

G
aaa S

60°C narlumsiignse s, 8, 12, 15 uH anududuvesdnsalgnsel 1.2-1.5%Iag

[ U

7 7 2o
WrinYeI LAz BRI 1aIU Tuammueadel iy 6:1

@ nalumsinl{nsen 150

AN uag ausalgnsen | ausalgnsen Sounz
YN | @usalgnsen n3a lugiu fiido fiido AMWLT N3
Ugnsen NEY daszmadn awnguy | nmslaasa | vesluTefiaa

(%) (mol/mol) (mol/mol) (mol/mol) (mol/mol) (%)

1.2 0.1882 0.0947 0.0935 0.1166 95.67
1.3 0.2039 0.0947 0.1092 0.1277 98.45
1.5 0.2353 0.0948 0.1405 0.1449 99.27

ao’ g Y o a d Y a .
= wngme - Ysunanihlumsaiauiadniiznalemaiia Karl-Fisher
Y Y
- 5w Tuaiv 0.085%
Y
-Suanhluwmuea 0.125%

- smnanhludusalgnser 0.173%

=~ =2 & v J aaa A A LY
1NAT1T N 4-1 93 4-3 Gﬁﬁl!ﬁﬂﬁﬂﬁu'ﬂﬁﬂlﬂ\m’JliﬁﬂgﬂiﬂWﬂﬂiNWﬂ!ﬂﬁﬂq"lﬂJu

Y F4 1 1 % o
e3¢ 0.5, 1.0, 1.5%Tﬂﬂumuﬂﬂlmumu gUNYU 60°C amwmuiuammuaamumu 6:1

o aan Y 9 @ aaa ¥ @
nalumsiilnse s, 8, 12, 15 1N tazaNUUNTUYeIA1591RAT10.5-1.5% Tagrmiin

aA

H 1 4 U 1 A { 1 g’} 1 4 1
Yol iy UnngiuleSinadusslgisniimaenumguliainaug 0.0935 Tuavedddns

aan 1 %’ [y 9 =Y % 1 AaAaa d' A S g’; 1
ﬂ;]ﬂiﬂmaimammumumum ng‘]_]ﬂJT&WI3Li\1ﬂ§]ﬂiﬂ1ﬂmaﬂﬂ1ﬂﬂ1iqﬂLﬂiﬂmﬂ“ﬂ\‘ilm

= s

1 ann 1 % Y] =Y Y 1 aan
0.1269 Tuavesdnsalgnsode Twavestinfumatuiudull SeeelivSunaduswjizon
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LWfNW@@]ﬂﬂ']ﬁlﬂﬂ‘]_];]ﬂiﬂulagna']ﬁluﬂ1§1/]1ﬂ§]ﬂﬁfl'lﬂ@i’)\‘]LWENW@VI‘U%“VI']Glﬁﬂ'lﬁi’)ﬂﬁgﬂ'ﬂll

4
Uignsve luTeRaruunasgv 96.5%
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Y

1Y a o Y a aaa q
4.2 WaYRIdAN@IMTINaVIBNMUBanRINNUNTAeMIIRaU A3 ua-

anastinyuvedlulofia

v
v A

4 1 = 1 90’ 1
TumsnaaeuNoANYINAYDIBAT1AIUT TuavDUUMIUDaAD 1T UNTAD

a aaa 4 an % = [ d‘ v Aa
msalffsemnudemacs linsuvesluTedwammsnaassidsuansa lviiudase
A H o Y o o aaa
FuAN 1.0% Tastminveainiu narlumshilfnse s, 8, 12, 15 w1l anududuves

1 aan %I " %I " = o aan
A39RATe1 (NaOCH,) 1.1, 1.2, 1.3% Tasshniinveaihiu guwgiilunisiilgase 60°c

< 1 o { [ [ a

A5 2500 1UN1IAIU 900 SBUABUIN Tagrmsulasuulassnsiarude luaveuuniuoa
.2

Aoy 5.5:1, 6:1, 6.5:1 AR

v
U a

v <
4.2.1 HAURIBATEIMABITNAVRINMUBARRI UMD FBEATANNLTANT

waldvaslulediwa naziSanaayiinavu

q' v o 1 9 a < Y = 1A
M1319N 4-4 ANUAUNUITEUINTVYASANNUIGND wa”lwum”lﬂam%mmzﬂ?mmﬁy. NNIA
v v
lugiudersz 1.0% Tasiminveainiu guugiilunshlgise 60°c na1lunisiilgnsen
Yy 9 v 1 aan 3 o 3 o o
5, 8,12, 15 W0 ANUAINTUUDIANTARAIT 81 1.1-1.3% Iagrmiinveaiingiu TagshmsAnu

A1 TN MUDan N 5.5:1, 6:1, 6.5:1

@ nalumsin{azen 5 i

Y 9 ¥ A £ y a A a 2
ANV NUVU maaxmmmqm wa"lwum"luiamcva ﬂ?uwmﬁymmmu

J aan % 3 g v
UCNCRIER I RER (%) (% Iagtimiin) (%1ag1i1in)

(% 1A11¥1in) 5.5:1 6:1 6.5:1 | 5.5:1 6:1 6.5:1 | 5.5:1 6:1 6.5:1

1.1 95.67 | 96.49 | 96.49 | 9547 | 96.10 | 96.20 | 2.03 | 1.84 | 1.63

1.2 97.31 | 97.31 | 98.13 | 9541 | 95.80 | 95.99 | 2.17 | 1.99 | 1.90

1.3 97.80 | 97.80 | 98.45 | 9530 | 95.75 | 95.75 | 2.28 | 2.09 | 1.95
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4 [ o 4 1 a Q( { v Aa
M3197 4-4 anuduiusszriiesazanuusgniveslulodannsa lududase 1.0%
H H a o aaa o aaa
Tagrmiinveaiy gagi lumsvinl§ase 60°c a1 lumsiilgnset 5,8, 12, 15 un
1 aaa % v % 5 o % 1
ANuENTUYeIA NIl en 1.1-1.3% Iasiminuewuiniu TaeyhnsAneioasiaiu Tuaw

MuULaADUINY 5.5:1, 6:1, 6.5:1

@ nalumsinl{nsen 8 i

I H Y
AN fovazanuuigns | waldveslulofa | Smmayinaiu

4 Y
oy (%) (%1a8nin) (%A I1in)
YT

(%Iﬂﬂﬁﬂfiﬁﬂ) 5.5:1 6:1 6.5:1 | 5.5:1 6:1 6.5:1 | 5.5:1 6:1 6.5:1

1.1 96.49 | 96.49 | 96.49 | 9546 | 95.84 | 96.04 | 2.08 | 1.92 | 1.92
1.2 97.64 | 98.13 | 98.29 | 9535 | 95.58 | 95.57 | 2.45 | 2.09 | 1.99
1.3 97.80 | 98.45 | 98.78 | 95.28 | 95.57 | 95.56 | 2.49 | 2.16 | 2.02

@3) nalumsil{azen 12 i

v 9 v A £ v o A a X
AIUVNUU IYATANNUIIND Nﬂhlﬂ"ll’élﬂllﬂiﬂﬂlcﬁﬁ ﬂ?umﬁymnmu

J aan % 3 % v
CNCRIER I REE (%) (% Iagtimiin) (% Ipgtimiin)

(% 1A11¥1in) 5.5:1 6:1 6.5:1 | 5.5:1 6:1 6.5:1 | 5.5:1 6:1 6.5:1

1.1 96.49 | 97.31 | 97.64 | 9528 | 9545 | 9544 | 2.22 | 2.12 | 1.97

1.2 98.13 | 98.45 | 98.62 | 9523 | 9532 | 95.39 | 2.55 | 2.13 | 2.00

1.3 98.13 | 98.45 | 98.95 | 9522 | 9528 | 95.37 | 2.75 | 2.19 | 2.05
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4 [ o 4 1 a Q( { v Aa
M3197 4-4 anuduiusszriiesazanuusgniveslulodannsa lududase 1.0%
H H a o aaa o aaa
Tagrmiinveaiy gagi lumsvinl§ase 60°c a1 lumsiilgnset 5,8, 12, 15 un
1 aaa % v % 5 o % 1
ANuENTUYeIA NIl en 1.1-1.3% Iasiminvewuiniu Taerhnsaneioasiaiu Tuaw

MuULaADUINY 5.5:1, 6:1, 6.5:1

@ nalumsinl{nsen 15 i

4
a

AN N fooazamusgns | walavesluledwa | Sumeiiime

]
U

U

1 aann % % 9(: 9
mmmmﬂgﬂim (%) (% Iagn1in) (%A n1in)

(%Iﬂﬂﬁﬂfiﬁﬂ) 5.5:1 6:1 6.5:1 | 5.5:1 6:1 6.5:1 | 5.5:1 6:1 6.5:1

1.1 97.31 | 98.13 | 98.13 | 94.74 | 95.22 | 95.49 | 234 | 2.14 | 2.02
1.2 98.45 | 98.78 | 98.78 | 94.75 | 95.17 | 95.18 | 2.76 | 2.18 | 2.04
1.3 98.45 | 98.78 | 98.95 | 93.12 | 94.90 | 95.02 | 2.89 | 2.40 | 2.08

{ [ Y { o U a 1 3 o
INAT NN 4-4 ﬁ\‘llﬂﬁllﬂ’ﬂ ‘ﬁ’f)ﬁ31?(’314%\‘111]@1&%114@%1@]@141%14 5.5:1, 6:1,
9 = £ = = Y A A é’ R A W 1 a [
6.5:1 i@ﬂazmmmq‘wﬁmm"luT@ﬂwammﬂuumwmu “]5\‘11/1@@’51@1’)1!!,6]5\‘1IN@LN%WH’E’)’@G}@
%’ Y] T 9 a a"‘ 1 1 { @ 1 a
Wi 6:1 ey 6.5:1 wunFesazAwuIgnsves luTefwaliniganfoasdiusa ua

1 3 o 1 a £ { o 1 a
WMUaNUINU 5.5:1 me%'aﬂazﬂammi;mfﬁeum"luiaﬁmaﬁaﬁ31muwﬂmammuaa
2

apuniu 6:1 waz 6.5:1 UardlndiResnulunnqnarlumsiilinser manudasidiu
1 3 o ' n 9 vy a2 £ = A ds! o
wimueaaoiuunnd 6:1 lildseliiesazanuuignsvesluTodmamuduuinin

(Leung Bagntue, 2006)
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3cl @ 1 1

9 = dl [ 1 a 1 %’ Ly =
umuuazwmmma'lmm'luTammammmauwﬂuamwm’aaﬂ’aumu 6:1 1% 6.5:1 1

VA VAW 1 a 1 %’ @ = 9 = 9 a
ﬂmqqmm’ammauwﬂuammuaaﬂ’aumu 5.5:1 emwa'lmm"lﬂamma%mwﬂﬂEJ

Y
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Wunuayinatu AenaldvesluTedwanulSnuayimnaiuszudsnndunu sgdunala
Y

1 9 S A o 1 a 1 @ A shzi
ama'lmlm'luTaﬂL«vammmauwﬂmmmuaamumu 6:1 g 6.5:1 ﬁ]gﬂJﬂ”INﬁllﬂ‘ﬂqq
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Y A o A o ' v 3w ' Al 9 1Y
Llagiﬂalﬂﬂ\iﬂuuqﬂ NITINUDATTIFIUUNIUDANDUINUUINNI 6:1 hlullﬂ%?ﬂclﬁﬂa”lﬂﬂlﬂﬂ
a A X v =2 £ A Y a1 qI A
hl‘]JIi’Jm"lmeN"UuﬂJ”lﬂuﬂ fl]\“lhn!ﬂWﬁﬁulﬂa@\iLuw1u@alla$@@\1Lﬁﬂﬂ11%%181uﬂ1§ﬂuﬁﬂ1w
& Y = Y = . '
(Leung LUagAMe, 2006) “H\iwa]lﬂﬂlﬂﬂvllliﬂm“]mi]zllﬁnﬂ 2 ATUAD chemical loss &M

Jd v J (% 4
u,aam"lauﬂmaﬁmai 10 physical loss ﬂulﬁﬂﬂﬂﬁnﬂﬂ”ﬁé&l\‘l
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doyameInuouasie: R 11-14-34 1'lWgehlgaserguusenui s ldinauwa T

9 =

o @ < <} 1 1
m@yjamamummﬂaﬂﬂﬂﬂ : S 8-16-26-43.6-45 Lﬂ‘umﬂfuzGlﬁ’uﬁ’ummwmmmm

=

a 4 o %l ~ '
da 'l Fauuns doan SraiuiaeindSuaanawuunng we 11yl 1dns1e Fuls

U q

A

3 A a A Yo ' Co A Y o A
1“11!ﬂﬁmﬂlﬂﬂ@ﬂﬂlﬁﬂﬁi@gﬁﬂhlﬂﬁﬂ’]ﬂﬂjﬁlﬁﬂy’llw\lﬂﬂﬂuﬂ NIDUNILAPINATNUDIFTLAU
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@UDE :  603-040-00-2EC label

2. 1Imuea
Yoyanalil
A a s a3 a [ 4 9 [ 4 1
Wnuea vismaueanedea unaasaa 1a91nMIduAIIZHIZHIN

a [

4 4 Y A Y v
mivounouen lyauaz lalasnumeldgungiinazanuaugs wie laannszuiumsnin
Aa o ' o o P’
Tagqaumnsd FunmueazszimeeangoInfniouen uaraaeai lamiveu laven leduaz

3 o Yy so Y = Ay ¥
WIS AR UUMUDANUDINA 32 lan13 U laoon taanuiin ganlad Ivn 1dannsmn

(% o

= 1 a3 =2 @ [ = 9 3 dgll a v A 9 a3
mamzmﬂumumﬂ %Qﬂ?iﬁ%hﬂﬁ%ﬁ\‘i‘ﬁ1ﬂhﬂ1§1‘]ﬁ wmueailuwenag uﬂuﬂu‘lﬂnﬂumm

] ~ Y Y o A =K a d & 9 1 v A Y a
azmﬂalu'q@amﬂﬁu LU am'lmmzumumaaum HUDNWUN L“]J‘L!G]‘L! l,mel,uﬂﬂi;uuw,wa@

1 H ] < 1 a [ ¢ A
ys1efAudaminueanes1sn1sn i ldfunveadlu drunavlunaadaaiinenis
a 1] @ ] 1 ~ o Y o a [ 4
U3 1aa uazmsdura lagasanuitenie Tasinsduuniuea ldlslunsiimaadaa
o d ' Yy < oS s 3 o IS A v a
dusagi) wu Audu anlsgnany uoanegeaude AIMTUIUOIMIT tNeaAAUNUTUNITHAN
A [ 9 a"’ o dy A 1 1
Wesmesuer wmueat 1y azeengnianaiietovsssiane Tasmmneluaiuvesve

. o Y dy YA o v v W a o A A < )
A1 (Retina) 71 1via1uea vannlgnMOUANAaAURAaaA AN imuealudm

] = 9 Yo 1 1 A I =
azang 1wy amld mnldsumsgean levosuumueauiug sgreaeiiios o1 udunanile

9y @ § 9 [ Y
yoududoagaauludues uazieuiloadnay1a

¥01ATi ITUPAC : Methanol

%@Lﬂﬁﬁ’)hlﬂ . Methyl alcohol

%@ﬁjﬁ)ﬁguﬂ : Wood alcohol; Carbinol; Methylol; Wood; Columbian spirits;
Colonial spirit; Columbian spirit; Methyl hydroxide; Monohydroxymethane; Pyroxylic spirit;

Wood naphtha; Wood spirit; Methyl Alcohol (Methanol);

gasluana:  CH,O

4

OH
gaslnseas
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Hd IMO :

Y
ms 1915z Teani-ars i lniudvihazats (SOLVENT)

AMaNUANIINMeMNUazIAd (Physical and Chemical Properties)
A0 : VOUNAD
a: laluiia
hminTuana : 32
Aen('C):  64.6
wvaeumalabenuiis’c) : -97.8
A IE(i1=1) : 0.79
ANy le(@ma=1): 1.1

anuaulowu.lsen) : 96
FI @ 3 Y 0
anuanInlumMIazaeinNms/100 va) . azainlan 20°cC

ANUAIAIMAzMINAYJN3eN (Stability and Reaction)
U = dyd =)
ANwAsAIMIaAl : astlnnuedos
{9 o v A S o @ o
asannuliyld : aseendladediause Tavzoan lad nsadaysnuaz

a Y 9 = 4 Y 4
nia luasndudu uoad lad uazuosananlsa
dl = d' 9 1 a d‘
anneginlsnaniaes : aAnwiou Uszne vl uazunasgadaluoug

NANIZTNUADAUNINADN (Environmental Impacts)
4
ﬁ"li“ljﬁ13J1iﬂLﬂﬂﬂ1iﬂﬂﬂﬁﬁ1ﬂﬂ1ﬁ%’3ﬂ1wqﬁjﬂﬂ
tﬂy 1 L] Y a =
ﬁ"liuﬂ"lﬂ')"l‘ﬂzhluﬂﬂﬁlﬁlﬂﬂﬂ1iﬁ$ﬁuﬂ1ﬂclf’3ﬂ1w
G a 1 A aaa 3 & a 4 A 1 '
Lﬂuwwammmﬁlum L‘].I‘L!W‘HGI’E)‘]_Iﬁ1 me‘wmﬂmumaia"lﬁamqgmm

%,’ 1 Y a dlda A 9 a [ A A %
U1 zne lnaesHaun Uy hlﬁJﬁ"IﬁJ"liﬂLfﬂﬂfﬂNhlﬂ UHAga1UNANITINTUNUDIN AU UDNIUN
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v
3 2 a

1 lovoamsnsziiald Tudanaduasiedoszuuiinaiiing viniins lfuazdanisaisnil

81NN T

M3AUNETIATIZH (Sampling and Analytical)
NMAM NO. : 2016, 2541, 3500, 3800
OSHA NO.:ID 205 , 52
M aAuAI0814 : asAA U081
M3 naTey : unalasunlans il

2. JolagInsmuvea

v
U

Yoyanalil

A A A v

< J a @ 1
ToTaTwsmweadlumsluaszganeansgod 1Td Inawmwizdd szelddie 14
2 Y < 3 v o = 9 1 dy < d v ) o a =
peruTuinearuay 01 dusnn & vaglaiuesinge Isa Wuamsadudimiunanos
Y 11 =2 9 a o ¥ L:' < = & o
Tau ginmelasmsgaauuaz i ualasugliluess oy mnuuszgniy
' Ay oA 3 2 < o @ o
ponma lauazaumely daui linldswiluesdlau Agnidusennisawiiela Tevesiuim
y 4 a Y1 Yo 9 )
Tiuauamuauayn seaeoymunavesanisls isramaelasudrliinn sziioimsndie

9y =X ayn Y a dy [ =
an sy 'E'ﬂi]’l"illﬂﬁﬁ]lﬂ W‘HLi@i\?lHﬁZﬂZﬂTJ i]ZlJ'EﬂﬂTi‘ﬂNﬂiZﬁWl
¥oiadl ITUPAC: 2 - Propanol ; Isopropanol
yorndina'l : Isopropyl alcohol ; 2 - Propyl alcohol ; Sec - propyl alcohol

5]&561/%}605' U :IPA; Sec-propanol; Rubbing Alcohol; Dimethylcarbinol; Sec-Propyl
alcohol; Alcohol; Propan-2-ol; I-Propanol; 2-Hydroxypropane; Alcojel; Alcosolve; Avantin;
Chromar; Combi-schutz; Hartosol; Imsol a; Isohol; Lutosol; Petrohol; N-propan-2-ol; Propol;
Spectrar; Sterisol hand disinfectant; Takineocol; Alcosolve 2; DuPont Zonyl FSP Fluorinated
Surfactants; DuPont Zonyl FSJ Fluorinated Surfactants; DuPont Zonyl FSA Fluorinated
Surfactants; DuPont Zonyl FSN Fluorinated Surfactants; Isopropyl Alcohol (Manufacturing,

strong-acid process);


http://www.chemtrack.org/Chem-Abstract.asp?ID=01149
http://www.chemtrack.org/Chem-Abstract.asp?ID=00014
http://www.chemtrack.org/Chem-Abstract.asp?ID=00014
http://www.chemtrack.org/Chem-Abstract.asp?ID=00014
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gasluwana:  CHO

gaslaseade:

SHAIMO:

) ¢ {992 o o a I, y
m3l4lse Teal:anst liludviazans (SOLVENT) ldlunisnaansoadiensn uag
gaarini Tyl Tnsinll
AMENUANIMEMNIzIAN (Physical and Chemical Properties)
FOIUL : VOIUHAD

EhTG

W

Y
° Y

WminTuana : 60.09
paAena('C): 823
A <)

yAnaoNmad/aEenuiI(’C) : -88.5
ANUDTUNIZ(U1=1) : 0.8044

A
ANUNUA (mPa.sec) =2.4
anurumiu le(@me=1) : 2.1
anuaulowalsen) : 33 120°C

%’ A [ g ﬁid' 0
‘ﬂ'J'I‘JJﬁ'I‘JJ'IiﬂGluﬂ'liﬁgﬁ'lﬂu'l‘ﬂ(ﬂﬂ\l/l()() ya.) - ﬁgﬁ'IEJU']llﬂV] 20C

ANNAIAIazMINa{H3e1 (Stability and Reaction)
% = dy =) a 4 o A 1
ANvasdInAll : asiades magiileseonlaa lunnuiia uaz e
o ] 4 a Aann I'4 a
uerauaa 1 1deglugvesd Inuienalgnsenlesoondiasu
{ [ [l a o 1 4 14
asnnnuliyld : arsesnd ladesranss (Iasmeulasesnlsd | nlosnas

J s X . T a a a @ =3
150, loSeon lad) Fudssaemsaa’lil, szida nsaudu (nsaluasn, nsadayn,
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Todu) Ufnsenguusuazdunite Tavgdan lan uazoan lavliesn (luanisaa
TW'ldmalaTasiau) egitien imadfnsergunse uaz lildanuioulasTauu
alaivsooadu, Inunaieaiinnieen lue, las lulastimil

anminasvan@es : el dszme'll, Yszqllih, anudeu uazesaa
T, e

[ a ann a 14 A dﬂ@l

suaswvIMInalfnsemeames : lunaiu

manansouvedlany : uoulaase Tnswiuea ludaniouman, amuan,

< Y 4 @ s a a
WanNnNan, NOLAILASUVIDUY Lmzaaaaﬁlﬂmqmwguﬂﬂm

NanITNUADRIIAADN (Environmental Impacts)
Y Qy 1 1 901 901 = A A
mummqgmmm HUUFY NI0AU
dy Aa 1 =y Y
ﬁ"liuﬁ'lll'liﬂlﬂﬂﬂ'liﬂ'ﬁ]ﬂﬁa'lﬂ'i/n\‘lc]nﬂ'lwhlﬂ
[N Y a 1 a 4 =1 9 [ [ a [ 4
hlllﬂ'f]ehfil,ﬂﬂNaﬂigﬂﬂﬁﬂigﬂﬂumﬁu WWﬂiJﬂ'lii“]ﬂ!ﬁgi]ﬂﬂ'liﬂﬂwa@ﬂmcﬂ
DYNUNUIZ AN
d
MINVUASUATIZH (Sampling and Analytical)
NMAM NO. : 1400
OSHA NO. : 109
an 3 @ ] I o 1
ADNITINUAIDYN : UAaDALNVUAIDYI

s aaed - ufalasanlans Wil
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a d A A a I3 A
1. MyAREHEMANNUIgNvesnTiaemneilaaliditasaaeugamnlulefira

uuunzlszana (Proximate Analysis) Jaald13lastan

msasrvaeuqanIn lulodsanuunzszunal (Proximate analysis) 1ae1d
TuTasniflumsasieaeuqannvesluTedsalasnstih luTedalasnsiih luTedia
9 [
wilfisemsudeames insudnaslululasndlagerdendannisiiiminluluTedra
Jatindie 15a (lasndeelsq, Tandiwe lsauas TuTundie 154) maeediloijnzomsu
Ja A v W = I 2 J A v a =
e s Miagunumwmusataz Inummdey laason loa ludad vz augounanay

E 2 2 ' = = Y
aﬁaaﬂlumﬂ%mmﬂam;aﬁaauﬁmﬁﬂmuaﬂmﬂmmwmaﬂuTam%ahlﬂ

aUnsal nazasndiig

(1) waamﬁmgﬂﬂi’m Fellananziden 0.05 inaans

@) 'luTagn

(3) myazaemmuea + 1unaidenlaasen lud wien'ld lasazarsTiuna
o lansen lud 3 nsu W3elsyuna 4 Hadans luwmuea 100 n3ulaviatlarhliaiin

ad
IENaaol

(1) %9 luTedualavasanilesgnite 20 nsunseiszum 24 Hadans
a = J o 1 Y 9 o
() dumsazaremmuen + lunmdeouleason lag 3 nfuweaIdidnu
o 9 o aaa da A o 9y Y o
3) iz emsueamess MiadululuTasnvTagldaudousd
A v ~
Nnga90199) a1 1.5 UM
ay Y a 3’, 1 =) =) ~
@ naseldmamsuenauszring o ToRanaz naesu
(5) ewmindesealunasamisgngle
A Y = Y S o =t % 1 A J 3 J
(6) 1iio ldmndesoaud Mo eitedavewe. ievinlosidua

=2 o A
Gllﬁ)\iﬂm"lf’é)ul,iﬂﬂma@
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Mmwsznoui 1 uaallnanaessanng

M99 1 uaaswansasndeunann luTedwaunungilszunalasly luTasnia

NSnaname lsaaiag i

o 1A
AIDEINN

TG Glycerol uda (ml)

Grecerided1n GC (%)
1 0.3 0
2 1.1 0.05
3 2.1 0.125
4 4.4 0.25

1 [ 4 @ 1 4 9 [ a 1 [
= Fy4luTeRauaz ndwesoannuiiosnindiedis luTedwan ldninngauuanaenu

- s a o A s A A a 2
*x L‘]Jﬂil“lfuﬁell'é)\iﬂm"]f'ﬂuliﬂ’lﬂﬁl'lﬂ!,ﬂiﬂ\‘] GC ﬂuﬂlﬂi@ﬂﬂ@ﬁﬂﬂ"lﬁ"lﬁﬂiil.ﬂ.
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nnmsasaeuaun i luTedwanuunzdszualasld lulasnd i

I o [ { % [
Psuandwel5aa1e fu ldnaminaasedsnisiean 1 deansaaduniuasgiulans
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0.30 -
E
= 0.25 -
a
ug 0.20 1
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@
E 0.15 A y =0.0611x - 0.0144
5] R”=0.9953
%@ 0.10
[
e
S 0.05 -
w
L
0.00 . . . . s
0 1 2 3 4 5
% nawialse (wmsizutaa GC)

= = Aa X
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UNIINIAYTAIVAIUATUNT
a dJ '
2. ﬂ]i?!ﬂi]$?‘i?‘i]ﬂ%iﬂﬂ!!ﬂﬁ!!ﬁzﬁy

M3 InmsamilSunavesayuazansslfnse (ue) Tuasiodns wu naw
s a s Y ST 9 =
psoaemapsuaziviamaoiniiunsd1ndy Wudulasldasazaensalalasaaein
Y
g 0.05 Twadedas(ms IganududuvesmsazaslaTasaaes nyuegiuilSinanuaiay
1 a a J a 4
A1) nazdudanes 2 wiia AoWuedaW 518y (Phenolphthalein) uaz Tus luTuoaug
% gﬁ a 4 o @ [ Aaan I
(Bromophenol blue) Fuuaouusn ldesazarensalalasnass o ldansalgnseuiy

[ F) A =S = 4 =) A 1 a
ﬂaN’L’N!,ﬂﬂvlﬂmﬂﬂﬁ!ﬂaﬂuﬁﬂlﬂﬁl‘h&ﬂawmau LLﬁmiJ’t‘Jul‘VIL‘VIiG]GIfJﬁﬁﬁzﬁWﬂSﬂhlaIﬂiﬂa@iﬂ
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L g < ' 3 v a '
ﬁﬂlﬂuﬂimﬂﬁlﬁuﬂi]zllflﬂimﬁf]Z‘]ﬁ‘]allﬂﬂﬂLﬂulﬂﬁﬂ!m%ﬂiﬂul‘lmu@ﬁi8 11!"]5’3\1 pH ﬂi%iﬂﬂ! 4.6

(2

@ Y a = = ad a J g
mm@]llﬂmﬂﬂmﬂaﬂuﬁmaﬂmTuwuaauqiﬂﬂmumumsamﬂw JU

1. azaneasaee1alu 50 adansvedleo Te Inswivealsuaaisdieda
é’ (Y] ] o [] ] =) a 9 [ a S @ vy
uegnuisuaaylumsdredna iy ndweseaauls 0.5 niu wiawmaeingalud
o a P 9 k) [y d’l Y v 1
lszana 10051 vazwNaamesNa1aual 100 nsulunsnaassiiazl¥alrograszunar 8-10

N5
2. @uluednsau (1 % lu'le TaTnswiuea) $1uu 5-7 vea

3. Tnmsaduaisazarenialalainaosniyutu 0.051ua/a05 aUNTZNIN
L4 = A = = I (== [ 1 aaa A d' A [
weansdunlasnd @nasuwiulalulihHuaacidnswl§asevseanmaooglu

' v Y
asazaeiiunaudiniuinilinasvesasazaenialalasnaesnnld lunilbidh <A”

4. 1@ Tos Tutlueavg (0.4 %lagminlud) Sy 5-7 vea Favznldoud
NpH=4.5

1 @ { ? a <
5. lnmsadoaunsznaTus nfueaugasud (nmihdwiudivaes)

v Y

JuiinifSnasvesansazatenialalasaaesnnld lunulwilu «B>

(% a 4 [ {
6. ﬁ\jlﬂ@'laﬂ’]ﬂﬂ’]ﬁjlﬂﬁ'lgﬁﬁ}'lﬂﬂ'ﬁulﬂlﬂﬁﬁ !Lﬁﬂ\?ﬂ\‘]ﬂ'l‘w}_]ﬁzﬂﬂﬂﬁ 2

s lglunisnmes + laTainsn uaa
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Innsniugsazans

nsnlalnsmaesn

venlusTauanig

Inmsaiuansazans

nenlalnsmaesn

- ada 2 a s "y
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I5MamuIn

Lsnavesdnsalgnsenlumsdednannsadnuldonngas
C=A x Kx MW x 1000 / W

e C=1smavesanslgnseludsdiedns, ppm
A =151asveeesazanenia lalasnaosn, Naaans
K = anuiduduvesansazarelalasnassnild Inmsa, Tua/das
% 1 Aaaa A & 45! [ a d' 9

MW = waaluanavesans sz i oadatiuognusiian 19
WY KOH = 56.1 n5u/Tua
NaOH = 40.0 n53/1ua
NaOCH, = 54 n5u/Tua

3 ) s
W =UIHUNUDITITAIDYIN, NN

2. nmvesayjluansdeds aunsaduia ldaingas
S=Bx Kx MW x 1000/ W

ie  s= YSuavesayluarsded, ppm
B =151asvesasazarensalalasnaesn, iaaans
K = anututuvessnsazanelalasnasinild lnmsa, Tua/ans
MW = 178 luanaveddi)

4

W = 11N Ueea1saled1s, Ny

W] = J Y v ayq-
HU@HA: ppm (WINLDN) HUBDI aiuluaiuaiu (part per million)
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v 9
NUNUDIGATNITD

1 1L  0.05Mof HCl
=——xmL of 0.05 M HCIx X X
g ofsample 1000 mL L

1 mole of cattalyst MWg ppm
X X
1 moleHC! 1 mole of catalyst 1/10"6

C S

fan: http://www.biodiesel.eng.psu.ac.th/index2.php
a d U A
3. ﬂ1i)lﬂ§1$ﬁﬁ1ﬂ%ﬂ1mﬂ‘§ﬂ‘lﬂmuﬂi;ﬁ$

=) 7 a % L} ] 9(; v 9(; o
M3 ImmsarmfSunansa lvsiudeasy luasdiedia sy iniuady iy
9y 9 = I 9 9 = J 1 Aa 9
nealiudn luledwa Hludulasldarsazare Tmaen laasonlas 0.1 Tuanedans (M3 ¥
Y Y
wWuduvesasazane Iandon laason ladauegiuiFinansaluiudass luasdiediaiug)

[

a a 4 a A A J = . ~ ¥ a 4 dy
LAZDUALANDT 1 UA ﬂm\luaanau (PhenolphthalemﬂﬂEliJﬁlJuG]’fJuﬂﬁ’JLﬂﬁzﬂ N

1. azaeasdioealy 50 Hadansvedls I InswiusalSuaaisaiodia

"o

49! v Aa Y ] ] % ] o o % o Yy 9
Yuognulsmmnsa luiuddss Tuasareds wu diuihay 2-4nfu dniunealdugds 3-5
[ = v = dy 9 % o Y 9

a5y uaz luTedwralonsuaelumsnaasstiag liniunealdudd

2 @utlueads1au (1 % Tu'le TaTuswinea) 31124 5-7 vien

3. lnmsaduasazaeTs@onleasonlad 0.1 Tua/Aas aunsenafuods)
= = = a2 d = [ v Aa ~ A [ I~
awddsud@nlaliddmdudsunnaaciinsa lududasshmaeegluamsazaeilunai
uaiunnlSnasvosmsazae laden laasen lsan e

[ =) a <Y [V ~
4, ?N!,ﬂﬁﬁ%1ﬂﬂ15’3!ﬂ51$1’i’ﬂ’33ﬂ15l1‘1/]m§@ HaaenInnlszneun 3


http://www.biodiesel.eng.psu.ac.th/index2.php
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I5MamuIn

Pinmnsa lviudasz(FFA) lumsmoedannsamuialdaingas

f1sazatoann 19 11 X anududuvesmsazateais X Tuanaveansa luiiu

Y%FFA= 7o o
WMUNa5AI9819

1 9 1
o - dwazaeann eyl = maugaveslnnsa - mGuduvedlnmse,
Uaaans
-ANUITNTUVDITIEATA18A19 0.1 N
Y Y f o

- U IHUNINUAIDEN, ATV

[} % v Ly % Ly 9 1 d' 9 [} 1
- Turanawesnsa lvaiu = Wminuesnsa luiuveniniuaiedsnly, nfuae

Tua

Y o

4 ¢
4.35msuazannznlvautiumslumsinnztialamnaiinKarl Fisher
a sy a . I a J @ ] 1 9
MINATIEHANALAKarl Fisher 1115 1ATIEHA15029819 (Tuniedse
H o o VAo a 7Y A A 3 g Ay '
azTagiinin) Tasaisaedraniinndnsiznaeailsnaindes fe Weandi 2,100

[ % 1 a o [} o
thTﬂiﬂiiJ/ﬁ’J’é]EJN N’ﬂﬂTi’JLﬂ313‘1&%\‘]ﬂgﬁﬂ’JﬂJQﬂﬁIﬁNLm&muEﬂ

Mwilsznoud 4 1A504 Karl Fishercoulometer Y9413 HN Mettlerjil DL39

HANNITUBIUAIOI
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;4
[

Y
Karl Fishercoulometer ﬁﬁugmmfnmﬁumsmmgmmmﬂgﬂsm Karl Fisher #4110

ROH +SO,+RN [ (RNH).SO.R
(RNH). SO,R + 2RN+ 1, +H,0C—) (RNH).SOR +2(RNH)I

{ a g a a U
Tagh I, ansanavuaInuon Iuaoendasy (anodic oxidation)
2T = I, +2e

a 2 'w o A 3’, . [} LY
uaz Laznaiuaanuiaaa i (generator electrode) Fa1lsznousinegluradon

v o 2 . & Y < Ao & ad 9 2
90823A17 1971 (measuring electrode) Fa1sznoUM B NUNNATUF IRV 1WTh 2 12

a

FmsumuIUNIAYA

E]

9

) [ [ @ [ i d g
Ad AU Inasn Uszneudie 2 aauaatiae aruiidluaa liihuan
Y v Y
(anode) 1az37 1WAy (cathode) FanadoadIUAINA1I9ZYNLENBONIINAU IAY

laozulsy (diaphragm) waaenIn msenoun 5

Generator electrode

Measuring electrode
(double platinum pin)

Catholyte
Anolyte

Diaphragm

Mnlszneun 5 uanaIulIzNoUVDUAI 4 Karl Fishercoulometer

v [
g2 1MA1In  (anode) 21 anolyte®1sznoudredaiveslaoon lud
(sulfurdioxide) 8 lua1Taa (imidazole) az loTo'la (iodide) TaelHuniusanssom

I ()
woaltluamazany
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9 v [l
dru372 Wy (cathode) 92T catholyte®a1sznoualeindonen Tudislazenn
9
TR R TR (anode reaction)

a &2 A2 9| - 1 ad 42 9,

L azinaduiva Iihuan Taedszgaunin 21 wzilasedianasouiian Ivihuinuas
aAan 3 %

2
a J = A4 a X o Y ' Y o
Lﬂﬂlﬂu G 12 ‘V]lﬂﬂ““ugﬂg(ﬂ’]‘ﬂaﬂ581ﬂﬂu11uﬁ15a3a18@]3@8’]\3 Iﬂﬂﬂﬁ51ﬂ1jm1

URAFe1524919 [H,0] : [I1,] Ao 1:1

v
] an o/

dwmsuignsernas Ifhau (cathode reaction)

9
£Y

Y v
H, azgarantiuiin Iihan Tao mazgaidad iy 1, Tavezdeslinisay

aoueuTudivaslylu catholyterioriludumiionihlinan o,
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0 ¢ ¢ a  a a ¢
1. ﬂ‘liﬂ‘l‘]r!?ﬂﬁ‘i‘l!ﬂﬂi!ﬁuﬂﬂ?‘luﬂiq"ﬂﬁmﬂﬂ!uﬂa!ﬂﬁ!ﬂf‘]i
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4
nsasrvaoununiInvedlulediaa TasnisiniduluTefmauiii

9 v
Ugnsemaudemass tinsudnnialululasnlaserdendnnmsiimnlulyTedwadad

= J A A o aan oA A v W =)
nawe lsamaney iwevlfisemiuedmess linsunummveauas Inundidoy leason

L [ U A 1 a = 49! = =3 = dy ' =<
hl“lfﬂcluﬁﬂfmu‘ﬂL‘Vilﬂ%ﬁllﬂﬂulﬂﬂﬂal%ﬂﬁﬁlaﬂlucﬁ\‘iﬂﬁlﬂmﬂﬁl“ﬁﬁ]ﬁﬁ]aufﬂlﬂﬁﬂ‘u\‘iﬂﬁlﬂﬂﬂ

aunmuedluTodsala

1A = a 49! Aa aa
nuNNYSTIundwesoanAIY 0.05 Haaans
o =) P A n Y
TNTOAIUIUN% ﬂmqsa”liwmaaag"lﬂ
Iﬂﬂﬁ1u’)mﬂ1ﬂ’ﬁllﬂ1‘i
d‘ A = d‘ a 49! a Aaa
y=0.0611x-0.0144 Iﬂﬂ‘ﬂ y A9 1I§mmﬂamaiaamﬂmu,maam

4
xA0% nawelya

wldx= (0.05+0.0144)/0.0611 = 1.05 %

9
v o

Wiu AFgniveauiaemaas = 100 - 1.05 = 98.95%

d
2.M5asENaITazaIEnIa lalasnass Ny 0.051ua15

ad o
IBNIIMUIU

g9 luanaHCl
Wmiinuoaluana 36.46 g/mol
AMUHUMUY 1.19 kg/L

ANUTUTY 37% w/w

deamsmsazanensalalasnaesniyudu 0.05 M = 0.05 mol/L
Amtlunsuazld 0.05 x36.46 = 1.823 ¢

Fatu 1nnsalalasnassn 37 g ogluansaza1e 100 g
tnsnlalasnaosn 1.823 g vzogludisazaio(1.823 x 100)/37 =4.927 g

A a I A = g =X 9 = I a aa
Luﬂ\?‘fﬂﬂhlaiﬂiﬂﬁﬂiﬂl‘]_luﬂiﬂ‘ﬂizLﬁﬂli’)ﬂ\?uufﬂ\?ﬂﬂﬂl@liﬂﬂ\llﬂuﬂ\lﬁﬁﬁﬁi

NNAUMIP=m/V
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Feensavaronsa lalasnaos nuANHUILLY 1.19 kg/L
wld V= 4927/1.19 = 414 mL

Aovzdosldarsazareninlalainaoin 4.14 adans

v
%

yanivinleaisazatenialalasaaein 4.14 Yaaaas laluviadsuilsuas
a Aaa [ =Y %’ q'/ 2
1,000 HagansudrlsvlSuesdreitnausy ldesazarensalalasaassmdudu 0.05
Tuans

14 A 1
HNewa: - Tyua15(M) AD11IY mol/L
G = i ¥ v g
3. nmﬂmu'mmzamimmw"laman"lmmmumu 0.1 ud3UdA

ga3 IuanaNaOH
Y
winuialuana 40 g/mol
ad o
EMImuIn
Jd
doanmaaisazane Tadenlaason lsamwudi 0.1 N=0.1 M =0.1 mol/L

wld 0.1x40=4¢

v
v v 9y

i dearalafenlaason loa 4 nFu TdluvrndSvasuias 1,000 Haaas

Yy 3

) o % [ = s Y 9 4

umﬂﬁuﬂ?mmmﬂmﬂaui]x'lﬂmiazmﬂiwﬂu”la@iaﬂ"lcmwmu 0.1 UBsloQ
Yy v v 2 d
m‘i“nﬂﬁi’)‘]Jﬂ’J111!511WIIWII‘Hﬂl@ﬁﬁﬁﬁzﬁﬂi“ﬂ!ﬂﬂﬂlﬁﬂﬁ@ﬂ"l“liﬂ

1. InlaensazaeTwdmonlanson ladies ouaindiedunn 5 fasans

2. duvluean 51y (1% Tu'le Ty Tnswuea) $1u9u 5-7 e

3. Inmsany Tnunagenla a5 unnian (Potassium Hydrogen phthalate)
0.05Tuadedns wnszitsiluedrndunlasnd @unasundulaliidudniuinfiuas

vosasazare Inunagenlalasmunnuaanls

TR LRITRLITR) C,V, = GV,
A A Y Y = J 1A
e C Ao anududuveslxdeulaasonled, Tuadodnas
= y 9 =~ 1A
C, Ao Anududuves Tnunadeyla Tasnunnian, 0.05Tuadodnas

v, fie Fnasmsazane Imdon leason ledilfluns Inmsa, Tadans



A IS a aa
V.o ﬂ?mmimmmia:mﬂimmﬁ%ﬂaimmuwmga@l, Uaaang

IWMIAIU 910 C\V, = C,V,
wld x5 = 0.05x10
C, =0IN

WINewA: - ueiuea(N) e luais(M) Aeniiae mol/L

4. msvinfSanameaualuasniedng
) Y
ansomuanldengas
C=A xKx MWx 1000 / W

e € = Ruaveunaluaisded s, ppm

A =15masveemsazangnsalalasnasin iaaans

K = anututuvesansazanelalasnasinii 1 lnmsa, Tua/ans
MW = 178 Tuanavedue

3 ) s
W =UTIHUNUDITITAIDYIN, NN
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9 ¥ ' A
m’eﬂ'nmsmmm umumﬂﬁ'l‘iﬂaﬁma 43.11 Y UM UDNAIDYNN W‘Iﬁhlﬂiﬂﬂﬁl%}ﬁlu

M3 e 8.79 nFu I¥msazarenialalasaaoinlums Inma

0.7 ¥aaans

AmsmalunmsmyUsuaves NaOCH, (Waluana = 54 niu/lua)luas

A8
2218 C=0.7x0.05%54x1000/8.79

C=215.08 ppm.

9
v @

FarhminmaluTefa =43.11 ¢

S nuuainiaeognanue = 215.08x43.11/10°6 = 0.009 g

aatiu luensdaee1e 8.79 n5u azlinnududuves NaOCH, 215.08 ppm.
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5. myrfSnavesayluasaiedis
annsamualdnngas
S =B x KxMW x 1000/ W

e s = Ysunawesayjluasaiedns, ppm

B =151asvesasazaensalalasnasin, aaans

K = anudauduvessnsazaelalasnassnilé nmsa, Tua/ans
MW = 173 luanaveda)

H ) ol
W = U1 UNVDIF1TAIDYN, NTU

Y Y ' H
feenamsma uiinlaluTedra 43.11 nsu uviindaedravlaluTon 141 ums
Tnmaa 8.79 nfu I¥msazarenialalasnassnlunisinmsa 3.63

Yoaans

AsmsannalumanilSuavesay @ralwanaal Na = 292 niu/Tua)luans
A19619

1218 S =3.63x0.05%x292x1000/ 8.79

S =6029.35 ppm.

9
v v

aatiu luensanede 8.79 g vzlinnududuvesey = 6029.35 ppm.

FarihminmaluTefia =43.11 ¢

aAa ds!

NUTUUTYANAVUNINUA = 6029.35%43.11/10°6 = 0.26 g

U

WINaye :N13MINIa Tuanaveday

d’o’ Y

Aav zﬂy 9 ) 9ol ) s = =
TuaAdetiag 1nsa lvdiuvesiniuthauds Tasmasiiiimin Tuanalszaunm 270

nsu/Tua
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nnlgnsemsinaaiy

RCOOH + NaOCH, — RCOONa + HOCH,

v oa 4 1 s
nia luiuodasy Tmdeuumnen lya 1) TREHRERD

RCO@ —  , RCOONa
nia luiuddsz e

AU MW ¥03d1) = MW v09nsa luiudasy - Mw vedlalasiou + MW veq
Ty
=270-1+23

=292 5w/ Tua

6. MsmfSunamnaalvsivdaszluansdiedis

aunsasuu ldnngas

' { Y 9 ' )
ﬁWiazaﬂlﬂﬂW\iﬁﬁlﬁﬂ XANUUNUUUDIF1TaZA19A19 XINlaQaﬂl@\jﬂiﬂvhlﬂJu

%FFA= T
HINUNTITAIDYI

A ' ~Aq 9 v £ v A g
o - mwazateaadld 1y = maugaveslnmia — AGuduvedlnmsa,
Yoaans
-ANUBUTUVBITIEAZA1AN 0.1 N
y y 1 -7
- UIHUNIINUAIDE19, DTN
. o, . Y 0 oW 4 day
- Tuanavesnsa ludu = dhiminvesnsa lvduveainiudiedianldy,
nsuae lua

o a lﬂ' g u 1
Tuanavesnsa luiudaszinldlumanaasil = 270 niuse ua

Y | ) ’.f v W 1 ’.f Y 9y 9 o 9 =
AIDYIINTINTUIDY umuﬂmamqumuﬂaﬂiﬁmm 5 NIV Mmiazmﬂmmw%

o A Aaa
A39n laa lums Inmsa 1.86 Uaaans
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1.86 mL 0.1 mol 270 g

I5MIMmUIM %FFA = x x
59 1000 mL mol

x 100

2219 FFA = 1.0%

v
v v

1 g v Y Y a ;A v A 1 901 @
JUU u,amaﬂuu111uwaﬂ“lmaamﬂiu1mﬂiﬂ'lwuamzaq 1.0% Tagumiin

Y
YOIUNU

WINEIHA : - AUTUTUVEIA18aZa18A19 0.1 N = 0.1 mol/L = 0.1 mol/1000mL
(1L = 1000 mL)

1 S 3 4
- 100 Ao AdedIFua
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L.walavedlulefiwa Usmnaay nazdesazanuu’

ansveslulefaa NSuansaluiu

Q

<
a

da3z ANMANTUYBIANIIHA3e sazna lunmsiil§nteagg

1.1 f3anamsaluiiudass 0.5% Jaarimiin

v
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%aﬂagmmu‘%qﬂé (%)
TasAesuunon lae nalumsinl{nsen i)
(% Toeniwiin ) 5 8 12 15
0.5 80.12 80.94 80.94 81.76
0.6 82.58 83.40 84.22 84.22
0.7 - - - 85.03
0.8 - - - 88.31
0.9 - - - 95.67
1.0 - - - 96.49
1.1 96.16 96.98 96.98 97.31
waldvedluTofima (% Taavimiin)
Tasaesunnanlae nalumsil{nsen ani)
(% Taenimiin) 5 8 12 15
0.5 98.83 98.16 97.85 97.90
0.6 97.94 97.81 97.68 97.57
0.7 - - - 97.46
0.8 - - - 97.37
0.9 - - - 97.31
1.0 - - - 97.25
1.1 97.67 97.45 97.20 97.19




1.1 f3mnamsaluiiudase 0.5% laarimiin

P (% Taeinvivin)

Tasaesnnnonlae nalumsinl{nsen i)
% Tagninmin ) 5 8 12 15
0.5 1.02 1.04 1.04 1.05
0.6 1.03 1.05 1.08 1.08
0.7 - - - 1.08
0.8 - - - 1.13
0.9 - - - 1.17
1.0 - - - 1.22
1.1 1.22 1.22 1.25 1.30
1.2 Banansaluiudass 1.0% Tagmimiin
%’aaazmmu’%qﬂé (%)
Tasaesunnonlae nalumsinl{nsen ani)
(%) 5 8 12 15
0.8 - - - 91.58
0.9 - - - 94.04
1.0 91.58 92.40 93.22 94.04
1.1 96.49 96.49 98.13 98.45
1.2 97.31 98.13 98.45 98.78
1.3 97.31 98.45 98.78 98.95
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1.2 3anamsalviiudase 1.0% laarimiin

walavadlulefiaa (% Jagrimiin)

TasAesnunen
‘a6 nalumsinl{nsen i)
(% Toeninviin) 5 8 12 15
0.8 - - - 95.68
0.9 - - - 95.64
1.0 95.90 95.72 95.51 95.32
1.1 95.80 95.68 95.45 95.14
1.2 95.81 95.66 95.32 95.08
1.3 95.75 95.47 95.12 94.86
Pnaa (% Taenimiin)
Tasaesunnonlae nalumsinl{nsen ani)
(% Taenimiin) 5 8 12 15
0.8 - - - 2.07
0.9 - - - 2.16
1.0 2.03 2.07 2.08 2.27
1.1 2.07 2.14 2.15 2.29
1.2 2.25 2.32 2.34 2.39
1.3 2.28 2.42 2.43 2.64
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1.3 3anamsalviiudase 1.5% lagrimiin

I3
o8z NNLIINT (%)

Tasaesnnnonlae nalumsinl{nsen i)
(%) 5 8 12 15
1.2 94.85 94.85 95.67 95.67
1.3 97.31 97.31 98.13 98.45
1.5 98.45 98.45 98.95 99.27
waldveslulofiaa (% Taenimiin)
Tas@esuunon lae nalumsinl{nsen i)
% Toeninwiin) 5 8 12 15
1.2 96.02 95.71 95.18 95.2
1.3 95.58 9541 94 81 94.69
1.5 95.35 95.1 94.77 94.3
PBnaay (% Iﬂm‘imﬁfn)
Tasaesunnanlae nalumsil{nsen ani)
% Taenimiin ) 5 8 12 15
1.2 2.82 2.88 291 2.97
1.3 3.00 3.03 3.24 3.67
1.5 3.02 3.28 3.37 3.76
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v 2 v v A A = Ao v
2. Nﬁ‘lﬂ‘llf‘)\ﬂﬂif‘)ﬂ!“]iﬁ ﬂ%?»l'lﬂ!ﬁy !!ﬁ$§®ﬂﬁ%ﬂ?'ﬁlﬂﬁq"ﬂﬁ‘lﬁ)ﬂ‘lﬂif‘)ﬂ!cliﬁ ﬂ@ﬂi'lﬁ?‘lﬂ?»lﬁ!?»l"ﬂ'l

waaneiumazna UMMty

2.1 ANMANTUVBIANIIUHA3E 1.1%Iaeimiinveiinai

onIIaIU nalums Souay wald PBmnaay
Tuammueaneiniu | lfnsen | anuudans | wvedluledira
(ua:lua) D) (%) (% Taenimiin) | (% lagiiviin)
5 95.67 95.47 2.03
8 96.49 95.46 2.08
5.5:1
12 96.49 95.28 2.22
15 97.31 94.74 2.34
5 96.49 96.10 1.84
8 96.49 95.84 1.92
6:1
12 97.31 95.45 2.12
15 98.13 95.22 2.14
5 96.49 96.20 1.63
8 96.49 96.04 1.92
6.5:1
12 97.64 95.44 1.97
15 98.13 95.49 2.02




2.20duduv I NIl {3en 1.2%laerimiinvearini
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onIIaIU nalums Sow0y wald Py
Tuammueaneniu | lfnsen | anausans | wvedluledira
~ . r
(ua:lua) (1) (%) (% laeniniin) | (% Jagiinvivin)
5 97.31 95.41 2.17
8 97.64 95.35 2.45
5.5:1
12 98.13 95.23 2.55
15 98.45 94.75 2.76
5 97.31 95.80 1.99
8 98.13 95.58 2.09
6:01
12 98.45 95.32 2.13
15 98.78 95.17 2.18
5 98.13 95.99 1.90
8 98.29 95.57 1.99
6.5:1
12 98.62 95.39 2.00
15 98.78 95.18 2.04




2.3 anudnduve sl {iden 1.3%laeriminvearineiu
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onIIaIU nalums Sow0y wald Py
Tuammueaneniu | lfnsen | anausans | wvedluledira
~ . r
(ua:lua) (1) (%) (% laeniniin) | (% Jagiinvivin)
5 97.80 95.30 2.28
8 97.80 95.28 2.49
5.5:1
12 98.13 95.22 2.75
15 98.45 93.12 2.89
5 97.80 95.75 2.09
8 98.45 95.57 2.16
6:01
12 98.45 95.28 2.19
15 98.78 94.90 2.40
5 98.45 95.75 1.95
8 98.78 95.56 2.02
6.5:1
12 98.95 95.37 2.05
15 98.95 95.02 2.08
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a

k4 =) ' v 2 Qd S d'
3. waldvedluledwa Winmay nazdesazanuuignsvesluledwa Ngamgiinaziaily

L'

Mslnzenag

3.1 ANMANTUVB AN 1.0%Iaeiviinveiinai

R na Sotay wald '
qomgd . L ) e
lumsinlgazen ANNUIEN vaslulofisa
(°C) () (%) (% laehniin) | (% laesimiin)

5 89.13 96.90 1.76
8 91.58 96.11 1.84

50
12 91.58 96.10 2.02
15 93.22 95.93 2.09
5 89.94 96.33 1.81
8 91.58 95.97 1.88

55
12 91.58 95.90 2.06
15 93.22 95.64 2.10
5 91.58 95.85 1.83
8 92.40 95.75 1.93

60
12 93.46 95.51 2.13
15 94.04 95.13 2.15
5 91.58 95.73 1.89
8 93.49 95.72 1.98

65
12 94.04 95.37 2.16
15 94.85 94.82 2.17




3.2 anudnduve sl {iden 1.1%laerihmiinvearineiu
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R A Souaz wald '
QNN . (ama o 4 - WSunaueny
Tumsinlgdten | anuudgnd vosluloftra
(°C) () (%) (% Jaginiin) | (% lagiviin)

5 94.85 96.46 1.80
8 95.67 95.86 1.97

50
12 95.67 95.72 2.03
15 96.49 94.77 2.20
5 94.85 96.19 1.88
8 95.67 95.87 2.00

55
12 96.49 95.69 2.16
15 96.49 94.70 2.23
5 96.49 95.75 2.02
8 96.49 95.65 2.07

60
12 98.13 95.42 2.18
15 98.13 94.86 2.28
5 96.49 95.73 2.03
8 96.49 95.46 2.12

65
12 98.13 95.29 2.18
15 98.29 94.64 2.35




3.3 anudnduve sl {iden 1.3%laeriminvearineiu
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R A Souaz wald '
QNN . (ama o 4 - WSanaueny
Tumsinliten | anuusgns vosluloftsa
(°C) () (%) (% laeiniin) | (% laeimiin)

5 98.13 95.26 2.21
8 98.45 95.12 2.27

50
12 98.62 94.57 2.50
15 98.78 94.73 2.83
5 97.64 95.31 2.28
8 98.13 95.38 2.30

55
12 98.45 94.68 2.48
15 98.78 94.67 2.83
5 97.31 95.72 2.28
8 97.64 95.52 2.35

60
12 98.13 95.20 2.85
15 98.45 94.60 2.86
5 97.31 95.55 2.32
8 97.47 95.45 2.36

65
12 98.13 95.15 2.88
15 98.13 94.46 2.88
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Biodiesel Production from Used Frying Oil
Using Sodium Methoxide as Catalyst

in Continuous Process

Rungthip Chaidet, Chakrit Thongurai, Kulchanat Prasertsit
Department of Chemical Engineering, Faculty of Engineering, Prince of songklaUniversity,
Songkhla 90110

E-mail: rungthip.1309@gmail.com

Abstract—In this study, used frying oil (UFO) from restaurants was used to produce
biodiesel through transes-terification with methanol, using sodium methoxide as a catalysts.
A continuous transesterification was carried out by using a cylindrical column volume of
735 ml. A series of experiments was conducted in order to evaluate the effects of reaction
variables such as catalyst concentration (1.1-1.3%wt)and retention time (5, 8, 12, 15 minute)
on methanol/oil molar ratio at 6:1, free fatty acid (FFA) content 1.0%wt, temperature
60°C,to achieve the maximum yield and purity. The optimized variables of sodium
methoxide concentration 1.2%wt and retention time 5 minute offered the optimum yield of
95.81% and purity of 97.31%. The results showed that the increasing of catalyst
concentration and retention time gave an increasing of purity but decreasing reaction yield.

Keywords: Biodiesel, Sodium Methoxide, Transesterification, Used Frying Oil

Introduction

Biodiesel is defined as fatty acid methyl or ethyl esters derived from vegetable
oils, animal fats and waste cooking oilis reacted with alcohol in thepresence of a catalyst.
Methanol is the most commonly used alcoholdue to its low cost, whereas alkali catalyst is more

preferable thanacid and enzyme catalysts due to its short reaction time, noncorrosive, low cost
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and high yield of biodiesel production.Biodiesel can be used in diesel engines in neat form or
blended with diesel fuel with a little or no engine modification, it can be considered as a potential
diesel fuel[1-3].

The recent concerns with sustainability, environment and raw material costs
have made the use of waste fryingoils attractive to the industry, especially if stimulatedwith
economic benefits associated with the use of blendsof biodiesel and fossil diesel [4]. UFO is a
better alternative as a raw material for biodieselproduction than other raw materials such as edible
oil, nonedibleoil and animal fats which are very costly and result in thehigh cost of biodiesel.
UFO is generated in large quantitiesduring food or semiproduct preparation by frying in an
industrialenvironment [5].

Biodieselmade from UFO can be used to effectively reduce theraw material cost
as well as solve the problem of used oil disposal.The UFO have properties different from the
properties of refined and crude oils. The presence of heat and water accelerates the hydro-lysis of
triglycerides and increases content of free fatty acids in oil [5-7].

The transesterification reaction (also called methanolysis or ethanolysis
depending on alcohol type) takes place between triglyceride and alcohol (such as methanol or
ethanol) to produce an ester and by product is glycerol (Equation (1)).The first step is the
conversion of triglycerides to di-glycerides, followed by the conversion of di-glycerides to mono-
glycerides, and finally mono-glycerides to glycerol. The stoichiometry of reaction requires 3 mol
of methanol and 1 mol of triglyceride to give 3 mol of fatty acid methyl ester and 1mol of
glycerol. This leads to three consecutive reversible reactions where mono-glyceride and di-
glyceride are intermediate products. Catalytic reactions can use alkali catalysts (such as potassium
hydroxide, potassium methoxide, sodium hydroxide, or sodium methoxide), acid catalysts (such
as sulfuric, sulfonic, phosphoric and hydrochloric acids) or enzymatic transesterification [6-9].
Alkali catalysts are the most widely used as they accelerate the process and the reaction
conditions are more moderate [10]. Alcohols more frequently employed are short chain alcohols.
Methanol is the one most often used for commercial and process reasons dueto its physical and

chemical nature (shortest chain alcohol and it is polar)[11-12].
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RlCOOCI‘HZ Catalyst HO|CH2 R;COOCH;
R?_COOQH + CH3;O0H - HO(r“H + R,COOCH;
R3COOCH, HOCH,  R3COOCH3; (D)
Triglyceride Glycerol Methyl esters
(Biodiesel)

Transesterification reaction

Nowadays, the transesterification technique is the most commonand considered
to be the best way to convert plant oilsinto transportation fuels. The property of transesterified
oil(biodiesel) is similar to fossil fuels, which allows its direct usein diesel engines without
requiring any change in the enginedesign or can be used as an additive to diesel fuels [13].

Biodiesel has become more attractive recently because of environmental benefits
and the fact that it is made from renewable resources. Nowadays, the higher cost of diesel-based
petroleum is the main reason why biodiesel is attractive. The main problem in biodiesel
production is high vegetable oilcost.One way of possibility is to reduce the raw material cost by
using UFO.Compared to petroleum based diesel, biodiesel has a more favorable combustion
emission profile, such as low emissions ofcarbon monoxide, particulate matter, and unburned
hydrocarbons[14-15].

The objective of this thesis is the production of biodiesel (methyl ester) from
UFO (as raw materialin therestaurantsithroughtransesterification by using sodium methoxide as
the catalyst to decrease the water content that produced from the reaction of methoxide and

alcohol.

Material and Experimental

Material
- UFO contains 1.0%wt free fatty acid used in the research was obtained fromrestaurants.
- Methanolconcentration99.8%wt puritywas used as alcohol for the transesterification

reaction.
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- Sodium methoxide 30%wt in methanolwere used as alkali catalyst

Experimental
- Transesterification

All the experiments were carried out under the same reaction conditions so as to
compare the results with the differentcatalyst concentration and retention time (RT).

A continuous transesterification was carried out by using a cylindrical column
volume of 735 ml (Figure 1), control temperature (60°C; deviation: +2°C) by thermocouple,
methanol/oil molar ratio 6:1, UFO containing 1.0%wt of FFA, an stirring intensity 900 rpm.
Catalyst concentration was varied from 1.1-1.3%wt at different RT of 5, 8, 12, 15 minute. Final
product analysis are yield and purity. The purity and yield obtained from the

transesterificationreaction are the utmost importancein the industrial production of biodiesel.

Figure 1.Set of continuous experiment

- Purity of the methyl esters phase

The biodiesel purity means the methyl ester concen-tration (%owt) in the
biodiesel. According to EN 14214, the minimum acceptable purity for biodiesel is 96.5% in
methyl esters. The purity was determined by a method in accordance with the EN 14103 Standard

[16].



Determination of purity

The purity in the product was analyzed by using microwave approximate
analysis method (Thailand petty patent No.5060).
The purity of the product can be calculated by using Eq. (2).

Y = The quantity of glycerol
G = %remain of Glycerides
=(Y +0.0144)/0.0611
E = %Purity = 100 -G(2)
- Yield of the methyl esters phase
Determination of yield
The biodiesel yield (wt.%), relative to the amount ofUFO fed into the reactor,
was calculated from the methyl ester and UFO weights.
The yield of the product can be calculated by using Eq. (3).

gramsofmethylestersproduced

x 100 (3)

%yield of methy esters =

gramsofoilfeed

119



120

Results

- Effects of time on yield of biodiesel

=—+—1.1%0 catalyst
——1.2% catalyst

95.40
! 1.3%0 catalyst
95.20 §

vield of biodiesel (%owt)

0 5 10 15 20
RT (min.)

Figure.2. Plot for yields of biodiesel form UFO vs RT ( 5, 8, 12, 15 min.) at methanol/oil molar

ratio 6:1, UFO containing 1.0%wt of FFA, temperature 60 °C and stirring intensity 900 rpm.

Transesterification experiments for UFO were carried out at a constant agitation
speed for different time (various RT 5, 8, 12, 15 minute). The plot of yield of biodiesel to RT in
Figure 2 shows that the increasing of retention time decreases percent yield of biodiesel. When
RT increased, the side reaction, saponification reaction, produced more soap resulting to alower
yield of biodiesel.The maximum yield of biodieselat RT 5 minute and various catalyst

concentration are 95.81%, 95.81%, 95.75% respectively.
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- Effect of catalyst concentration on yield of biodiesel
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vield of biodiesel (%wt)
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1 1.1 1.2 1.3 1.4

catalyst concentration (% wt)

Figure.3. Plot for yield of biodiesel form UFO vs catalyst concen- trations (NaOCH, ) at
methanol/oil molar ratio 6:1, UFO containing 1.0%wt of FFA, temperature 60°C and stirring

intensity 900 rpm.

Figure.3 shows the plot of the yields of biodiesel for UFO to catalyst
concentrations (NaOCH;). It is clearly shown that the yields of biodiesel increases and then
reaches the optimum conversion at 1.1-1.2 %wt of the catalyst. When the catalyst concentration
was further increased to 1.2%wt resulting in a little decrease in the yield. However, Using a
higher catalyst concentrations gave decreasing yield. From an observation during washing with
warm water, more soap was found, due to the excess catalyst favouring the process of
saponification. The maximum yield of biodiesel atcatalyst concentration 1.1%wt in the different

RT are 95.81%, 95.68%, 95.45%, 95.14% respectively.
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- Effect of time on purity of biodiesel

99.50
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Figure.4. Plot for purity of biodiesel form UFO vs RT ( 5, 8, 12, 15 min.) at methanol/oil molar

ratio 6:1, UFO containing 1.0%wt of FFA, temperature 60 °C and stirring intensity 900 rpm.

Figure 4. Shows the plot of the purity of biodiesel to RT (various RT 5, 8, 12,
15 minute). The one of the most important factors effecting on transesterification reaction is RT.
Increasing the RT, higher purity of biodiesel was obtained. The best purity of biodiesel at 15

minute at the different catalyst concentrations are 98.45%, 98.78%, 98.95% respective.
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- Effect of catalyst concentration on purity of biodiesel
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Figure.5. Plot for purity of biodiesel form UFO vs catalyst concen- trations (NaOCHj ) at
methanol/oil molar ratio 6:1, UFO containing 1.0%wt of FFA, temperature 60°C and stirring

intensity 900 rpm.

Figure 5.Shows the plot of the purity of biodiesel to catalyst concentration
(various catalyst concentration 1.1-1.3%wt), that increasing of catalyst concentration increases
percent of purity.However, using higher catalyst concentrations than 1.2 %wt, the purity is not
significant therefore the optimum is 1.2%wt.The best purity of biodiesel at catalyst concentration

1.3%wt at various RT are 97.31%, 98.45%, 98.78%, 98.95%respective.

Conclusions

The methyl esters obtained from this process can be used as fuel in diesel
engines, because of satisfying properties that could be compared with standard methyl esters.

Theresults showed that effect of the catalyst concen- tration and retention time
on percent yield and percent purity of biodiesel. In conclusion an increasing of catalyst
concentration and retention time increase percent of purity but decrease percent of reacted yield.
The maximum yield of biodiesel is 95.81% at RT 5 minute and catalyst concentration 1.1%

byweight and the best purity of biodiesel is 98.95% at RT 15 minute and catalyst concentration
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1.3% byweight. But in industry we must realize the economic costs as well. Therefore, the
optimum condition at catalyst concentra- tion 1.2% byweight, retention time 5 minute,
methanol/oil molar ratio of 6:1, UFO containing 1.0%wt of FFA, temperature 60°C and stirring
intensity 900 rpm will get the yield of 95.81% and purity 97.31%.

Transesterification of UFO to biodiesel is another possibility for producing

cheap alternative fuels, which could reduce pollution and protect the environment.
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