Y a a d a = 3’; [ Y 9
U INNHNUS msnaa 1 TeAauvuuaostuaauin luii lasldianudou

ﬁ’aﬂﬂﬁullniﬂmmmmz

Alvey WIBNIANT GITTUN
Sy Anssuenaasuniuga Inssuniona)
¢al ¢ a 7
919135891501 JOIFNANTINTY A3, UAT NNE1IIA
U |
UNAAED

a = A g dy a A = o w A dy a a ~ K1
ﬂ15Wa@]hl‘]JI’E]ﬂLCHﬁLW@L‘]JUL(’K@L‘Wfl\TVI’NLa't’]ﬂiJﬂ'J’liJfﬂﬂﬂJu!N@L%@!Wﬁ\?ﬂl%ﬁﬂi’lﬂ’lﬁﬂﬂlu

mswanTagldinaaunm lalutesduivndlumadeniuiaula

[

a dy P v =2 a = g’/ 3 g’/
N1U1 EJuLﬂEJ'Jﬂ'LIfﬂiﬁﬂ'}:l'lﬂﬁiWﬁ@hlllI’E]ﬂmfa!,l.llUﬁﬁ]ﬂmu@]ﬁ]u%’]ﬂhlellflfl Iﬂﬂﬂ\i

aa @ aa @ Y 9 Y 4 :
NTLUIUNSOANDTNIATU Ll,ag‘ﬂi'lulﬁlﬁlm@iT\ILﬂ"]fuflﬂ'lﬁiﬂﬂ?'lﬂiﬁ]uﬂ?ﬂﬂauulllIﬂﬂ’ﬂ/‘l‘%\?

nagauudINialszansnmnslinudou 66% 52U UITN1T09NUULNTNAADILL

a 4 a 4 a 4 A 1
Central Composite Design Llfgl}'l'll,ﬂi1$W@91}'38’3?5ﬁuN'W]’E]’U’ﬁu@Qlﬁ'ﬁ)'ﬂWﬁﬂTJ%T]H’Tiﬂ%ﬁNsU@QLm

'
[ a =

3’, 2 o v R Vi ¥ A o o
azduaou GuTasmsih lvMzeiludagauim laheluiesduuhmsaatSnansa luiiu
daszarenszuIuMsemmes Nintuves luFainumwmuealusasiaiu 1:3 - 1:15 Alinsava

a2 I @ 1 Aaan o aaa H
Winiuansal§ase 0.5-2.5% waznarlumsiilfnser 10-50 uidi waanaunisnlalu

Ao 1 A = v A Y I S Y A A o 1
O N dnziamnsanldeunsa luiudase dithuedmes ldunniigaegn onsdaiu
lyeemmiiea 1:12 Ysuadnsalfnsensadanin 1.35% waznarlumsiilgazer 30

= o a 4 s Y 1 a A o 9 Y] U
Wi naziuedmes ldoosdn 18 1l 1unszuIunITNI UL AMB HIATY A280AT1dIU

LI, 91 = J 33 (U aan

iuasmuea 1:3 - 1:15 lees laden leason loailuausal§azer 0.25-1.25% uazad

Tumsinl§nsen 10-50 wii waninaunsn ldluauisewnn aargd s luTedma
$ A o 1 g o 1 = v 1 aan [

WInfgaogn sasIa UL UABININLE 1:9 UTaa I §nsenas 0.62% taznarlums

o aan A o [ A =) 1 9 a £ a 14

lnser 25 wd dmsuguantiavesluTedanui ldanuusgnsveuuiawdines

A o [ a J

89.9% 9AYUAT 22 °C 9@ 1A 16 °C ArnNunila 51 3u% d115UN15UATIZHNINA I

9
= v %

9
wasnununszuaumnan lu Tedmalunsnaaesligadondsanunavua 7,850 kikg

o
9 Y 9
[ o 9 v

9
Iﬂﬂlﬂ@ﬂ1i’c;fmuL%El‘l/‘lﬁ\NTL!1I1ﬂ€jﬂsluslluﬁﬂuﬂWié}W\iLlaZﬂWﬂﬂLl1‘1/l\1ﬁf]\1ﬂi\11’iﬁ\iﬂ1ﬂWTL!



1 Z a I [ @ !
ﬂﬁ%TJTLJﬂTﬁLW]a%ﬂluﬂﬂuﬂ@ﬂuTﬂﬂlﬂuﬂWﬁgiyLaﬂWﬁﬂﬂWﬂ 37.46% VOINEINUN T YIT

a9

9
navua uazasoazldunuluaiuvesingavuaznasnudmsumswanlu ToAranuy

Y
aoavuaoun i 18 40.83 U aoans



Thesis Title Two Step Biodiesel Production from Beef Tallow with Microwave

Heating
Author Mr.Pongsakorn Suwannapa
Degree Master of Engineering (Mechanical Engineering)
Advisor Assoc.Prof.Dr. Nakorn Tippayawong

Abstract

Biodiesel production for alternative fuel has become important since diesel price is
growing. Biodiesel production from local feedstock is interesting.

This study was about laboratory scale, batch biodiesel production from beef tallow with
microwave as a heat source. Microwave heating transfer efficiency was found to be 66%. Central
Composite Design was used to design experiments, and analyzed with response surface solution
to find optimized solution for esterification and transesterification process. In esterification
process, beef tallow was reacted with methanol in the molar ratio of 1:3 — 1:15, with sulfuric acid
concentrations between 0.5-2.5 wt% as a catalyst. Reaction time was between 10-50 min. The
results showed that the maximum condition was at molar ratio 1:12, catalyst concentration of
1.35%, and 30 min for reaction time. In transesterification process, esterified oil was reacted with
methanol in the molar ratio of 1:3 — 1:15, with sodium hydroxide concentrations between 0.25-
1.25 wt% as a catalyst. Reaction time was between 10-50 min. The results showed that the
maximum condition was at molar ratio 1:9, catalyst concentration of 0.62%, and 25 min for
reaction time. The biodiesel obtained has 89.9% ester content, 22 °C cloud point, 16 °C pour
point, 51.6 sec viscosity at 100 °F and 0.86 for specific gravity respectively. From energy balance,
it was shown that overall energy loss for two step biodiesel production from beef tallow was
equal to 7,850 kJ/kg (37.46% in washing oil process). Total raw material and energy cost for

biodiesel from beef tallow was 40.83 Thai bath/liter.



