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ABSTRACT

This research utilizes pomelo peel char obtained from the pyrolysis process as a
catalytic support for KOH by introducing it into the biodiesel production from the used oils
via the tranesterification. Various parameters were studied including the ratio of methanol
and used oil, temperature,time, amounts of catalysts, and types of catalytic systems
(homogeneous and heterogenous). It was found that the optimized condition for the
production was at the oil to methanolratioof 1:6, 6OOC, 1 hour and 2 wt.% KOH with the
homogeneous system, giving the highest biodiesel yield of 90.01 %. For the heterogeneous
system, the highest yield was obtained with 4 wt.% KOH of catalyst, giving biodiesel yield
of 87.38 %. Nevertheless, the heterogeneous catalysts are more suitable for practical
production due to easier catalyst separation. Therefore, the chemical components of the
biodiesel produced from the heterogeneous catalysts with 4 % wtKOH was then analyzed
with the GC-MS for its chemical composition, which included methyl oleate, methyl
palmitate, methyl stearate, metyl palmitelaidate. In addition, this biodiesel had the
properties i.e. density, viscosity, flash point and acidity meeting the European standard of
biodiesel (EN 14214) and the standard of the Department of Energy Business, Ministry of
Energy.
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Triglycerides + 3 AlcoholAlkyl _’catalyst ester(biodiesel) + Glycerol (1)
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tmisldudanses fuldenutuiionmnd 120 ssmwaides Wuaa 30 wifiandy
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TUARS oM eamesaduAnTulien [15]

2.MIw3NAILI U

fssufaselunuifedaruiadu 2 Yssuanldun Fussufasenvuioniug 1dun
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1.1 MshAszviany FTIR

Solwsgvinmyilsituresinssfisendiidu KoH ideusguudnudendilensuiiioy
fudnudendulefilallfindousematia FTIR (nmdi1) wuindaissufiseridu KOH indevsguu
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nauezlsnAndisfomuluanansuouuduiusiug [16-17)
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Figure 1 FTIR spectra of pomelo peel and KOH-impregnated activated carbon produced
from pomelo peel
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Figure 2 SEM morphology of (a) activated carbon produced from pomelo peel
(b) KOH-impregnated activated carbon produced from pomelo peel and

(c) SEM/EDX KOH-impregnated activated carbon produced from pomelo peel
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Tumsnnassmiedeiingayi luusazmsnaaeesldfogisun 3 feths neritls
awgnihanAnaredsuazamdssvunasguudahlunasansmuviaiansdannd 3-5

2.1 Savaningluasswiisusiowniues

Sasdulaeluassniaifutewmueaduladefiddguinlumsuaslulefeaiiosnn
Hutlhdeiansadiuaranyiinalulefeaiiintu nismaassiayldfusauasendu koH s
lalldindeunmnuditu 2 wWesiduflasnavesiuiulduda (29 wt KOH) 1 1 9alus gaungdl 60 °C
fsnaulnsinavennTurewmMusaLiy 1:3, 1:6, 1:9, 1:12 uay 1:15 wuiriisasdalnelua
vosihifustawmuenidu 1:6 S¥osaznandnlulefiva ( biodiesel yield) gegmirfy 90.02
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Figure 3 Effect of molar ratio of oil and methanol on biodiesel yield

2.2 gaumgiilunsiinugisen
gamnfilumsifisenduladeniisniinaseusunamedulefiwaild lunisvaaesiiazld
nsrdulneluaszuinaeniueanuiniu 16 dusewfisonlu KOH Adsluldiadou 2% wt 9

a

annfinneg loia 50, 60, 70 waz 80 veriwaldod 11an 1 Falu LanInInIng 4 FanuIngunil

Y

winzaulduni 60 °C e niisevaznandalulofiwagaaniniu 90.15

e

=0 ©

100 A
90,15

85.72 85,60 P,
80 A
60
40 A
20
0
50 60 70 80

Reaction Temperature (°C)

Biodiesel Yield (%)

Figure 4 Effect of reaction temperature on biodiesel yield
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Figure 5 Effect of reaction time on biodiesel yield
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Figure 6 Effect of type and amount of catalyst on biodiesel yield
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71 4 % wt KOH feiedes GC-MS uamssamsedl 1 wuiilulefigafiléTesiussnouduansuane vl
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Table 1 Chemical composition of biodiesel

Retention time Area (%) Compound Chemical formula

(min)

17.66 0.07 Methyl laurate Ci13H260,
22.05 0.57 Methyl tetradacanoate Cy5H300,
26.29 3.92 Methyl palmitelaidate Ci7H3,0,
26.76 23.77 Methyl Palmitate CH30,
30.99 64.66 Methyl oleate CioH30,
31.46 7.01 Methyl stearate CioH350,

5. andinnamenmuasiaiivesiulofia

mAdeiReiululefiwaluilaguuenanaznereumdalildusinauniignnsefinandn
SovavgeanudadsomeeuinlulofeaildlidautRdeneglunusiumsgiu Tunsvaaesiay
ihlulefiwaiildannnisnszuiunansessuuiussufAzeuuiiswuss 4 % wt KOH umagey
audAniamenimwazadl tawn AunuILLY (Density) AUnEn (Viscosity) 3aa1ulwl (Flash
point) Aarandunsa (Acid value) wiossiannisnaaeuildliieutunasiunsgululefisa
o381y (EN14214) fummsglulefwavesnsugsiandanuuansfanisad 2 nuinlulediwai
HanldoglunnIiunIgIu

Table 2 Properties of biodiesel

Unit European standard ~ Department of Energy  This work
(EN14214) Business standard
Density kg/m3 872-878 860-900 897
Viscosity mm’/s 3.5-5.0 3.5-5.0 4.25
Flash point °C >101 >120 179
Acid value mg KOH/g Max 0.5 Max 0.5 0.49

afuTELazaTUNANNSIRY
éhLi'qﬂﬁﬁ%mﬁlﬁm%au%uﬁ]ﬂﬂmu%ﬁaﬁlﬂuﬁaLiaﬂﬁﬁ?muw%ﬁﬁuﬁ:ﬁﬁ KOH wpfiauaguu
dudendaile Taoiflofinnsanarnmaia FTIR Wisuifisuseninsiudendulenidslalsiadeu
fusssUfizeiwiesainnsi KOH Tuedeuvududdendule wuhdisefizendiasonldd
wyilaidusneqnntunagdaiautunarwungilsisuiiadalduimg k-0 wenaniiflefinnsaunain
AMEny SEM agnuiiuansiadeveguuiaauidenduleuaziileaunusieimnaia EDS wuinansi
indeutulislnwadeudussduszney Mnuanmmaaesinsiuisasuldiuse jizoieden
il KOH deuay ndsmnnsnuuasinTgisuiiisvielfudrasdunsinuniad
funnzaulunszuiunsudn Tnedadeilidnwliun Sasdnlasluassuiahiudewmiuen
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Antudesnidelufiterfiumusauinifune ndweiuiiiunanassldnsruiunsndnagly
azaneluiumuoadiiuned iliAnnstaenisinausenihsumueadudssugasentunis
nanlulofwadsvinlinandniosazanas [18-19] muwamaqammﬂumiLﬂmﬂgﬂimwmwammu
m%m@ﬂgmmlmLuaqmﬂwa°uaqwamwmmﬂmnﬂﬂgmaﬂ,muaa wolilogaun)iauiumiues
%mﬂmimamLLauLUaaul‘tJLUuLma‘mﬂ,wimmmimmﬂumim"dgnimamaam Mlvsesay
wandnlulefisaanas [6] lnglunsmeansiidi 60 ssmuwadeaiugnmgifinfian drunavesnalu
mafnuiisemuindelinauuduiosasnananlulefisafanfutuaunssinrgeaniiva 1
Hilus vdrntudesaznananlulediarzanas Lﬁ@ﬂﬁ]'}ﬂiuszml,t,iﬂl,ﬁal,ﬁunaﬂumsﬁmﬁﬁ%m
UgﬂimﬂmLﬂﬂl@mﬂmwﬂwmamiuiamLsuaimmﬂsuw,mwaammaana’mmmuaml,mﬂgﬂsmﬁ]umm
foundurllulefiwadilfanasivhlitesasnondnlulefivaanas 201 Fafudsaguiriladed
wanzaslunisuaslulefealunsmnaesiliun Sandanlasluasswividusewnuoaiinian
W 1:6 gumailunsiinufAzendu 60 ssmwa@oauaznanlunmsiinufizendu 1 dlus
w¥rnildtadelunsudalulefwand mavnasstuselufunsthiussjisefidanseilats
JusissuAzewuuiiswusiial KoH ndoueguuanudenduloluudnlulediva Tnelttladely
mwanlulefiwafimnzauimunlsanmeudu Wisuifisuiunmsldfiseufizenuueniugidl
KOH igseenafien wuiszuuiausaenituslneiedsarlsiumnamananlulofiwaganitssuusaige
Mowugdadulunmumdnns ilesanszuuieniiusiduszuuiiansegluignaiafisafuaziinng
Joslilunisisauisenuinniuaziinainuasiiuavussdisessulussuuiiswug (necative
supporting effect) [21] ﬁ“ﬂaaLL%@MWUU%‘(TWU'JNﬂmﬁmﬂﬁ?ﬁﬂmazmsﬁ KOH 8ain1zaguusiu
agyhlisumisioshs (active site) didldan saudarnuaiusalunissslfiseranasainnis
Lﬁﬂé’umﬁawagﬁuﬁuﬁwaqmu

ogslsfmunuiduss fiserfiassszuviuualiunafn fiseadendatufioasl
Usnaurandnlulofiwagsgaiinnududu KoH Amilauagazanammdanniu Sasingnisal
fananansaesureldindmiviussujizenvueniudideifindiseufiseon nsviiauves
FussUfizndutuilitosasnananlulefiwaiutu wideinysinaiisswjiselrnngu
TuZesqauanniiume Sevawnandnlulofisaszanaiorndsejisefunniiunetdoinnyld
YURRSEU triglycerides wie FFA Tuthiudaiduayinntiu SsasAnnislesusadudiadudeme
laamilalussuuiuiuiviliSosasnandnlulofisaanas [22] dalussuufausuuudisnus
naiinUTIn e tURATe g lRs s wWiAseen Tty Ssazvhlduiluniseaeiss
UfiSeanawaziliinmsiununsdshunaiiomnmsiutuvesnamia [23-24] Tngly
manasesiszuuienituslirdosasnanangeanlulofieail KOH Wiy 2 wto% wasdidrdonas
wandnlulofiwagsanidu 90.01 dnluszuuTisiusaslvierfovasnananlulefioageanil KOH
Wiy 4 wio waziiAnSosaznandnlulofivagaandu 87.38 auiuldiudluszuuitswudaslv
Usinamandnluledwasninszuuieniiusidntieslasanu sz 3% usdeslduunm KOH
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wnnifieliliUTinunanangean (4 wi% sio 2 wi%) egndlsAmuszuuTisiusiidenlunis
wendisaiiseneenanuansudldheduinlisannsuudeuvemwdnfust udedidlsin
ﬁqLLfﬂuizUuﬁﬁwmﬁﬁﬂmﬁmwzﬁqumaaﬂGUEN KOH pananndsesiuegiing uiagsnissuy
nitusiidinigld ko adluluszuulnenss daduanumuatnetulunismeassionndanillulofiea
ndnlianszuuIisuss KOH iy 4 wid% TUiinszvmesidsyneuuasmenautfisnegiama
menmuaziad nudndlodinsieiesduseneudis  GCMS  azfiwfialeamesnarssiay
23AUENOU lAlA Methyl oleate, Methyl Palmitate, Methyt stearate, Methyl tetradacanoate,
Methy! laurate muamummq‘]mmqmammayLﬂuuumauﬂﬂmsaustmﬂummmuluiam%
wuilulofwadildanmsnaassilaudfisne Wun aauvuuiy (density) aananiln (viscosity)
AUl (Flash point) ArAmidunse (Acid value) L‘f]ulﬂmuuMigwuﬁaﬁlﬂummgmqhﬂ
(EN14214) fUsNAIgILYRINTNTIAINAINY
dmsumsinuiflumddeiidumsinendosuresmmunduldldlunsidusslenivesdn
wWaenduleBemuirausathuildld dauaglivinisfnwuasusuugmsldoulitussansam
wazilenumnzauiunssuaunsanlingdululueuan
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