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ABSTRACT

Nowadays, renewable energy is important, especially biodiesel. The most of raw
material is crude palm oil (CPO). Tn this work , the production of ethyl ester from CPO with two
step was studied in a heterogeneous system. The first step of the process for reducing the free
fatty acid (FFA) content of CPO less than 1 wt.% by esterification using Sulfuric acid suppott on
Alumina, Activated carbon and Amberlyst 15 as solid acid catalyst. In the second step convert the
product of first step to ethyl ester and glycerin by transesterification using Potassinm hydroxide
support on Alumina, Activated carbon and Amberlyst 15 as solid base catalyst. The catalyst was
characterized by XRD, FT-IR, SEM and BET. The reaction variables used were different percent
by weight of catalyst (H,SO, , KOH) on supporter (ALO,, Activated carbon, Ambetlyst 15),
catalyst amount, molar ratioc of CPO to ethanol, reaction temperature and reaction time. The
results showed that 40%H,SO /Activated carbon had high activity to catalyze the esterification of
free fatty acids with ethanol. The conversion rate of FFA reached 92% or FFA consist 0.56 wt.%
at 40%H,SO /Activated carbon amount of catalyst to CPO is 20 wt.%, molar ratio of CPO to
ethanol is 1:20, reaction temperature at 60 °C and reaction time is 60 minutes and
transesterification was performed at 60 °C for 120 minutes in a reaction system containing
25%KOH/ALO, amount of catalyst to CPO is 25 wt.% and molar ratio of CPO to ethanol is 1:9.

The final product with ethyl ester was 91.5 %, obtained after the two step process.
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Fatty acid Systematic name Structure’ Formula
Lauric Dodecanoic 12:0 C,H,,0,
Myristic Tetradecanoic 14:0 C, 1,0,
Palmitic Hexadecanoic 16:0 C,6H,,0,
Stearic Octadecanoic 18:0 C 1,0,
Arachidic Eicosanoic 20:0 C,oH,,0,
Behenic Docosanoic 22:0 C,,H,,0,
Lignoceric Tetracosanoic 24:0 C,H,0,
Oleic cis-9-Octadecanoic 18:1 C,:H,,0,
Linoleic c¢is-9,cis~12-Octadecadionoic 18:2 C,H,,0,
Linolenic ¢is-9,cis-12,cis-15-Octadecatrionic 183 C,I,,0,
Erucic cis-13-docosenoic 22:1 C,,H,,0,
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Myristic 14:0 1.0-1.4 14.3-16.8
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Others - 0.0.9
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2.4 11594930 (Supporter)

2.4.1 azgﬁm (Alumina)
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3.1.2 @Al
(1) wnnea (CH,0H) commercial grade.
() niada¥i3n (H,S0,) A.R., code no. 1.00731, Merck.
() TunaBelansenled (KOH) A.R., code no. 3162-19, J.T.Baker.
(4) HeNLIBIAd 15 (Amberlyst 15} A.R., code no. 53702, Fluka.
(5) nzgiiiiononn 144 (ALO,) Riedel-de Haen AG-30926 seelze.

(6) ﬁh‘iJﬁilﬁ‘liﬁT (Activated Carbon) commercial grade.
3.2 gilnsal

3.2.1 1sesilodnnzH
4 =y o
(n t115993/0 A1 Thin Layer Chromatography/Hydrogen Flame lonization
. cff 4 = o = a o
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masud hilldlaa arsfigngadulduinszinaouill1d1nd Taslfiniosdiodnsy
i = e 4 a o Iy ar = o
TLC/EID fi nadni3nnssumiesna aadnanssurans uminedudevainsuns
4 £ ' e :’ ar T . <3 : o
) 1asasilaasizimilsunaniilugsdod1e (Karl Fisher) ilunioeia
=Y 2’ w 1 Qs T d o ¢ o
sanideds Tasdaarsdredaslilluaisazmvlelelad dldlaTeladiianis
A g Y y ¢4 V& Ay Y '
gapdedanasou lnunaisazaioun In lad deluasazasun Inladezil lelassulooousy
o YRY 0 =y E ¥ e
e laTasnu lessufudidansousznmaiiiuufalalnsmu anFoq Karl Fisher flog
st T : 1
fafSinaninindSinadideaseunle le'ladgapdeld TagldinTecilofins iz Karl Fisher

- =y P=Y =] =S ' =S ar Y 'l
NAIAIB1IFATIULAY FAUSITINTTUMTAT W 1INNASTIVDIUATHNI

322 qunsaiililumsml§asem
alnsaildumsti§Rsoumansdenmlszneud 2 Fulszneudas
(1) Reactor (¥IAd11AB) Y11A 500 ml M miusesiumsfiozshnlfisen
(2) Reftux Condenser Wdmiulfismusaiissmoniumiundy s
Reactor
3) wos luiime 1Fdmiuiagangiily Reactor
(4) Magnetic bar
(5) ‘111%% ¥ msudasy Reflux Condenser

(6) Hot plate

323 gnsaliSlumsidaniausal§nsen
(1) Tausa
(2) iasavga
@) tinmned
(4) wa3ail5uas (Volumetric flask)
(5) e
(6) Foudnas
(8) UNAIAU

©) Tagannudu (Desiceators)




21

o o
ﬂ1‘l‘l‘1]‘§3ﬂ?)‘l]?] 2 uﬁm’qﬂmmmsmam

3.3 35msfinn

3.3.1 mansaniaugalem
(1) v aL0, hleu'137 qangii 70 °c dlunan 24 Fluadnhandy 3l
4 & w
Tagannuiy aunseisansidiudy
i
@) 1 ALO, 1M1 Wetness PointTngsiimsnanesdiediany 3 a¥e wdninn
mAundY
o o - 5| ) e d g4 ¢
@3) mssumdSinasvesasazmeidesddoasianua Ao sidud
b ¥
H,S0, a1 9 i Taemsnanasill9n 10%, 20%, 30%, 40%, 45% waz 50%H,80,/ALO, Tay
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@) wisumsazme H,S0, fusar %HS0, Fditinasehiudiash
Wetness Point 8918183 % H,S0, s 9

(5) fmaneag1sazaw H,S0, a9Ut ALO, a1y % H,SO, At mun'’l3

(6) ilaleud 70 °c furaa 24 FaTuss

@ Lﬁumsﬁaﬂén"ﬁ’fluTa@ﬂmmgu eflosfiuniniy

®) shduselfise lilsn

9) thasdedelimneyids XRD, FT-IR, SEM uag BET

8115 H,S0,/Activated Carbon, H,SO,/ Amberlyst 15, KOH/Activated Carbon
118 KOH/Amberlyst 15 11131199 Wetness Point UagyiIn1sinson ety H,S0,/ALO,
ua I35 8aiieqa N Activated  Cabon  1fumsdfidnumzidiueyniming waz

= A kg
Amberlyst 15 ﬁlmssﬂuaqmmﬁnﬂ cﬂaﬁaﬂumzsﬂummuﬁq

b
3.3.2 Yuneunsdnnasalfisen

1) thesdusalfnsaldludhda udrtlarhdanmalszneud 3

oy

awidszneufl 3 uaauthdadudalfnse

2) sadrwanuandszana 50 Ton/in” inaasida Tasldmseeda

loasefin (Hydraulic Press) 1dtia luntsdatszina 30 widl
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mwilszneut 4 unaunsosda lansoan

3) ihdwsalgnseiidusivesnsindise udahlduan
@) ihdnsulfnseriuanlilsounzunse (2042 Mesh) 93 ld@usalgnsonnd

VA 9 fusavesdusalfisneunsadnon ldovnaums

5’ _ Dpi + DpHI
I
2
i
(o
= yuwydlavoswzunssni = 0.833 mm (20 Mesh)
= vaydlavosnzunsel itl = 0.351 mm (42 Mesh)

D,
Dpi+1
D,, = vinamduyoseymairuasunse i+1 uddeguuasunss i

= 0.592 mm

- 0.833 +0.351
D,= 2

4 1 ]
fathy vinamdovesoymanld wiiy 0.592 Tadiuas
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3.3.3 anyguauiivesdusslfndeniadlfimadineieg
1 = 4 R .
(1) 1n5943i931AT12H X-Ray Diffraction (XRD) PW 3710 mpd control wide
anglegeniometer, Ni-filtered Cu K radiation at 30 kV and 25 MA, Philips, Amello, Netherland.
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(2) CEE L ERIGE R Scanning Electron Microscope (SEM) JEOL JSM-
a o T 1 qs
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(3) 1N5049518TM519Y  Fourier-transformed infrared spectrophotometer {FT-IR)
i ~a s ] o o
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[~ =y [ 1 - P 4 ]
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ar H 1 ar o o o) o
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. - ¢ o 4
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¥ o & w T ' o o 1
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= o = = I = ey ar
3.3.4 Anndadulunisuinefaemnssondfisaemeeiilingy
T ¥
(1) finH1 %Conversion Y94 FFA NR11AseuoamaTHiadusyniniiu
¢ o e ' = 4 & c? ey
hdudunusmusaluaniizais q lagamsilasuudasnlesEud lnvimiinveansa
[ o
Farsnegundisosiuni q sandiudlunveniwhnhdududsteniuea guwgil uaz
natlumsyinlgasen
o o T r? @ ) ] ey
2) Anmileseniidenisan FEA snsiiuihdudulao Il §Rs oo mnoia-
L o :‘ ar A=) Qs ] oy o~ o ] .
gy Taminihduhdudy dusalfasewazienusafozsdinsdny ldashiviadunay
dondugamsnases Iauiounazinsniunasaninanes
@) rilafenmmnzaui ldandusal§iser H,80,/AL0,, H,S0,/Activated
o ch? A = =1 aoa s ' oy oy
carbon 1A% H,SO,/Amberlyst 15 uinms Iddudianlsouiaulsy@niamassdus alfnsen

Tunmiwnduinls v

@t = =y oy < oy ar
3.3.5 Ainmnihdslumndnefaname fanlgasnmnudomnsiTiniu

b
e Q9 a* 3 e L) at
(1 dndnfuhauauiil FRA < 1 wt% 91ndl§Asenedmesaduidg

UAsomsudomaoI e

H
) 1

@ fnu1ilodefifinade %Ethyl Ester 1103 %Yield youafiatoaisnos A

e o ey o 1 3’ s g o oo 1
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3.3.6 a1z nlyhalgpseemneiFlingi
o o o g‘ ar ar = or o 1 o 3 ar
(1) wearua InsthwiinveansadaddasnuudiroeTuds 5 Nuanaiedu 6
A1 AB 10%, 20%, 30%, 40%, 45% Lag 50 wt.% '
L,
) Ui alfiser s a1 Av 20%, 25%, 30%, 35% wag 40%1a8iniin
= 3‘ as o
voelTnaihiuiauay
sf ¥
@) dasraruFelraveninfuihdudy (CPo) detemuea Auand iy S
3
a1 lavlddandnuds Tuavenhiinihdudvdeenuemily 1:6, 1:10, 1:15, 1:20 18z 1:30
@ gamgdnlylumsyinlgn3a 3 m e 60 °C, 70 °C uaz 80 °C
(s) srenlumsinlgnien s e fs 30, 60, 90, 120 uaz 150 UM
. A @ o 4 Sl o J e
Tumisnaneusudu inrsnaasuiievnldeiidua lnssmiinuoenia
1 b
dafsnuudisesiuiminsay TaednuailSinadusalgnse sesdnndaluavonii

d T =y o aao ! o P
dhdvdvdsiomuen gangil gazmlunisiilgnsoldisinfuasiinindasy
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s d & J e ) a @ v Ay s g ¥

nesigud lnshmiinvsansadadainuudlsesiu o ldnlosidudimunsanudiey
¥
@ = s aao o or T = o o g o '
mmsfnyravesSunawesduswl§ise smuslidasdanuialuaveninfuihduay de
= o aaa o o o 3’ s o A | qr
nuea gungi narlumshlfnser vazilesdud lasiminvesnsadailaSnuuda
] 1 & ]

seafunsh imanlaeudFinudus vl §ise rdmmiuiinmsvansuiegrovesdnsidiu
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79950 YSinmdusal§nser lunrsneasehiduu Taeldganglivasalunsiil§ase

{ o ! o T = :’ at d ' ar 3
A9 Mmsnaae lasldoudasidiudsTuavsnivimhdududetoniuea ndsindu
a oy a ey L o = o oSJ ar ar £
MnrsAnyravetgungii lunshilgnier Tavsg e idud lamhvitinussnsadail sn

F
UUAI59951 UTmdas alfaser uazdasidnuda Tuave i hdvdudemninen Tu
A g/ o A - & d' =

msnaasshriuin lasldnalumshilgasneei iimsnaassTasnsfeugomgiily

a aan A g o e ¥ o o & 3 |3 & o =£.
nsigaTon die ldgauginmmnzanudinegsiimsnaassduse 11 Ao vmsAnuinaves
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= W i
FINTLIUMINAABDIULEAT [AGI015197 5

WrraMz iz auveIdnsafnse H,80,/A1,0,, H,80,/Activated carbon

» ] ' 3t
1oy H,S0,/Amberlyst 15 111015 1duiiten/Soufovdsedniam lunmsihnduan 144

3190 5 LI MsnaasaljnssuednesHindu

szogtauns | gangiilums | SevehuFlun | dSwnaduss | nsadaiaSas
Anlgnseunn) | Mlgnser c) | (CPO/Ethanol) IGELY #179951 (%)
(wt.%CPO) .

60 60 1:20 20 10

60 60 1:20 20 - 20

60 60 1:20 20 - 30

60 60 1:20 20 : 40

60 60 1:20 20 42%

60 60 1:20 20 45

60 60 1:20 20 50

HWIMA * AFAFAVET H,S0, o Inaaim ALD,

X, = %H,80,/871394951
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voziaa1lums | gaungdilums | dandamdalue | nsedaiaSns | dSuimdaeg
MUFAT(WN) | AIFATH (C) | (CPO/Ethanol) | #259951 (%) Ujn3en
(wt.%CPO)
60 60 1:20 X, 20
60 60 1:20 X, 25
60 60 1:20 X, 30
60 60 1:20 X, 35
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60 X, X, X, 80

X, = gaungilumsinlgnsece)
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(Fingerprint) ﬂjﬂﬁﬁ’al'f\iﬂﬁﬁ%m 10%H,S0 /Activated carbon, 20%H,SO /Activated carbon Udg
30%H,S0,/Activated carbon il ngyagegaiiyyesrn (20) iflesnnnsadafiiniidnuyne
Fhvsanar Tidlusdn mldass §isniisnasdh Saqedugm Felimunsoduilg
Tdusulgnsen)szneudisassilaladromailn XRD ﬁaifufﬁqﬁ'mﬁwmﬁ?mmmg:ﬂaﬁ%’u
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Relative Transmittance
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% Conversion of FFA
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42%H,80,/AL0, U310t 30 wt.% (RS VAUCPO, (b) ® 40%H,SO /Activated carbon UTu19t 20

wt.% (MPUALUCPO Uag (c) ~ 30%IH,50,/Amberlyst 15 13310t 25 wt.% 1#ie1f13CPO

(7) HAveIgaIngiine %Conversion Yod FFA
vinnisnaasuiiodnynavesgaunilunisinl§iter Kintinaaeh

60 °C, 70 °C 119 80 °C HauTAAIN MY s2naUf 1S MNHaNIITNARDIND DT Ause)nse

=

42%H,50,/AL0, igaingil 80 °C awnsaaansa luiudas: Id@n1iigungil 60 °C uag 70 °C

FY
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s T ) [=-] o . CYI-N 3
darsz@figa Av 60 °C uamaAnguugiitld %Conversion voansa luiudaszanauaniioo

wgdrﬁi
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]




43

100
;ﬁ 90 —— e
= ;
s
= 80 -
2
5
> 70 1
6 —— H,50,/AL0,
= 50 4 & H,80 /Activated carbon

—&— H,80/Amberlyst 15
50 T T T
60 65 70 % 80
0
Temperature( C)

mwilseneudi 15 uaas %Conversion yoensa luiudasziuguuyidasidimdalua
CPO:ethanol 1:20 1381 1ums1U§ATE1 60 117 () * 42%11,S0,/ALO, UT1101 30 wi.% fian
U CPO, (b) ® 40%H,SO,/Activated carbon USure 20 weo% (MU UCPO Ay {c) ~
30%H,SO,/Amberlyst 15 1151101 25 wt.% 1fgufiuCPO

(8) HAVDIINIAD %Conversion UDI FFA
d'i ﬁ; -] 2y ey, a’
nnnsnasuie M imIngaulumsil§ase Anudivnm 30, 60, 90,
1 . »
120 Az 150 U1H AauaatanInszneud 16 1InMsnaasanyd AnlfAzeia 3 vilad
. o - Q‘ 5 ¥ dr
uua 11y %Conversion va4nsa lusiudasedindu luag19raa1 30 89 60 WA taziiuus 1duash

s

3 @ 3 = a A y EV-Y

#aaen 60 wniludu bl duiudeldim 6o wiilunsdnlgisensisaansa luiudasy1d
Y

laesnnievas 1 Tasimiin

IANANTITNARDINATNTNAAD %Conversion Yo4nIa lvTudase doandod
ALY Chung 1182 Park (2009) FednilfRsvemasiflmiuvsaihniuduriessin

3 o 1 aan = ¢ = a Seme ] @ A
mnueadasd sl isendlelad fgungi 60 °c nalunmsinlasede 4 fu fe 15,
] 3

30, 60, 90, 120, 150 L@z 180 U1 1911191 %Conversion Y93 A L Tudasziinaulugiam

15-60 W17 wazndann 60 Wndhds ] %Conversion vosnsa lusiudeaseiiuua Tduad
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MnYszneud 16 AR e %Conversion veansaluiuBaszAuinidnsidimsala
CPO:ethanol 1:20 (a) * 42%H,SO/ALO, 5381 30 wt.% 1RSUAUCPO gaukgil 80 °C, (b)
40%H,S0 JActivated carbon Y3310 20 wt% 1A 8UAVCPO guun il 60 °C oy (c) «
30%H,SO,/Amberlyst 15 UT1101 25 wt.% HeUNUCPO gaungil 60 °C
nnmsanuiledefiiinadenisannsalviudaszaeninhnhduiviaeld
ffsonemaesiintudrodusalfAsoniadaiiain Tnanuudisesiudi 9 wohanied
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M3ei 9 uaasan s duvesius alftoudazriianmlgasouoames tadu

AL RTEN %load | USwwansa | dnsdnude | quugdl | szozoalu | %conversion | FFA

AT H,S0, UfiFen Tua (C) M of FFA (w1.%)
(WL%CPQ) | (CPO/Ethenol) izl

H,50,/A1,0, 42 30 1:20 80 60 85 0.81

H,S0 /Activated 40 20 1:20 60 60 92 0.56
carbon
H,80 /Amberlyst 30 25 1:20 60 60 91 0.73
15
Amberlyst 15+ . 20 1:6 80 120 88 0.3
H,50,* - 2.3 1:6 55 120 96 0.54

@ ]
* fnvlfisoueameinduniminfudaumesuazamiea (Park er al, 2009)
kd
5 eyt = ot ¢ o < g *
= fawlgisereameindunmhiundaasnmuazSulazsmiyoa (Marcheetti and

Errazu, 2008)

I0)) ﬂﬁgﬁﬁmwmmn}ﬁﬁ1ﬁ’uts’qﬂ§ﬁ'§ﬂm1‘lﬁ'ﬂ§1
#n1sAny s 9l §ATu0 42%H,50,/A1,0,, 40%H,SO,/Activated carbon
uaz 30%H,S0,/Amberlyst 15 119 Tﬂmimmazmsﬂﬂamﬁmmmmmﬁmﬁaﬂﬁﬁ%‘mud
azaiinninliAsoneaansfinduniims 1 uiiusinm s ad masaasdanmlsznovi

17 310N NAQDINU D %Conversion ¥84n5a lutiudasziiuualdvanay 0819 §2194
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ﬂﬁ Asen 40%H,S0 /Activated carbon MINATBIATINT n1# %Conversion PYDINT alusiudase

7959 92% LazaAnaUNAD 39%, 30%, 15% waz 13% A1i1§l gunguetdssinininuss

U

g

AusalfaTnanas maduinninnisdamizmeiuszniiseuing I,So, uardsesivudas
14

yitafivios A lunsidasadalsliinFuna wso, ludausslfnsmanndedenald %

Conversion Y8dn3a luiiudaszanas FeroandoafuuiToues Alonso asanis (2007) &
a = 3 maen < = a oy ar 3 o

Wrdafaemaoinmlfisomudemasifindudriiumdaaenmuns Sy laold

* ) 3 $
duralgnTa Tnmeadinesgiiu (K/ALO,) wuh dievhdns sl §svnlda 4 afs i
Eod

1 FAME Yield%) 2029910 99 wt.% luafausnmae 33 we%, 6.5 wi% uas 3.8 wi%
o A a ot t o’ £ o o k4

Ay ilasnniiamangaves InunmFon ldusdavounar Saanunsotuduldonms

AUAT1ZH ICP-AES vesdasasl§ATin K/ALO, nuh Faus s fA5eusudy Fresh) f1lSua €




46

N ¥
o A g

r 1 3 ]
8.16 wt.% waziiothdusl§s e 1ddnied 2 uazasen 4 nuhumdedSun K iy 2.79
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awtseneufl 17 1eas %Conversion vesnsaluiuBaszduinnuniims1dad sasidm
(94 T31@ CPO:cthanol 1:20 13a1lumshinl{aTer 60 11 (a) ¢ 42%H,S0,/ALO 51101 30 wt.%
NBUAICPO gangil 80 °C, (b) ® 40%H,SO Activated carbon L3119 20 wi.% 1fsuRUCPO
PN 60 °C 1ag (c) * 35%H,S0,/Amberlyst 15 UTHI8 25 wt.% 1HeufUCPO gamgii 60
°C

(10) pavesriinveweansaealumaninlfaseemneiFlndy
dievhnisdnuivilaveueanesedizniaieniueatazumuea lumsi
aan L) ol :’ o7 d oA A = <
UgnsenemasstinfudoirinhduAvfiannzi@oriu Ao 40%I,S0 /Activated carbon
by
= o 1 ooy =t [y ar 1 = & = ' o
Wsanmdusal§ise 20 wes feviuceo sasdandaluavenihnhnhduRudeusanseos
1:20 igaungil 60 °C uazinrlumsind§iser 60 il nandesdennilsznau 18 wu
%Conversion ¥84n3a lufudaszi ldanenueauazmuea fie 92% uay 95% mudidu
A A 3 ol ar af w = e Ann <
aaflalndifsaiu aeandesnanu3ieves Hanh uazaass (2009) Anyitl§nsomsmidied-

9193 F UV Triolein Adouumiueanazieniuen Iaoldduss§asor Kol amwldszuy
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CPO 8¢51e9ut%4 [ua CPO:ethanol 1:20 gavigil 60 °C tazrya lunisvinl§azer 60w
(11) Nﬁﬂlﬂﬂﬂﬁﬁ%m Hydrolysis f3islo %Conversion U89 FFA
¥ LS g‘ Y ¢ a S -
1nn1sfayinisaansa lududassveniniuthdududreljiseuemnes-
1 ¥
Wadu maduiail§ATo1 Hydrolysis i1l §ATeorsznielasndes sduazih 1didunsa
L) ) o 5 1 & 3 3 oo et osal - 3 o 3 1
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H,—C00 —R; Ry~-COO—H “Hy—OH
H— COO =R, Heat Ry—CO0—H , ¢H—OH @
- + 3H20 R Ty
CH—CO0 R Ry—COO0—H  CH}—OH
P=1 13 '3 3’ % @ e t =
Tasnaire 15 TR A MNUBATE  AAMETU

=< [¥) cit:i ] ooy d oy, @
4.4 nsamnifadsansanelgnsnmaudemneitlniu

TupszurumInsudeamosilindusziinsAnumavesnledidud Tae
sinsinves Tnumadon leasen laduudasoeiy uazFuimvesd I vl §niene %Ehyl
Ester IR0 HUAGA1IEA1INAADIMNINZENAIIUITou e Noiroj ttazaae (2008) ldun
SasnddeTnaveninfuthaudusdeiontusa 1:9 gamgil 60 °C 1981 120 Wi luudazms

naaos lnunaaey %Ethyl Ester (1035 nagouuuunzlszuial

441 fAnipavesntsly KOH/Activated carbon tThidatsail§nsen
o = s SN e R A T U ¢
wmsanuwfesidud lasrimminves TnunmBoy laason laduucmduiud

2 f1 ﬁﬁ) 25%KOH/Activated carbon 1182 35%KOH/Activated carbon

() wavesSinausal§nlmae %Ethyl Ester
AnmlSinudusalfnsenlugae 10-30 wi.% MeuiucpPo veedusnlgaen
[ b
25%KOH/Activated carbon 11ag 35%KOIV/Activated carbon Nan1zdail dnsrdaialuavey
c? a g o ' = =y o Sy o oan
duhdavavaseniueaili 1:9 gagilunisind gz 60 °c uaztia lumsinljasen
] ] k4
120 UH maudasaenmlszneu 19 919MsnaaeINy N i TadaE el az e
gosriindenade %Ethyl Ester 100310 udd 21991 §A501 35%KOMWActivated carbon 1#
b
%Ethyl Ester gan3uaniios duiudadon dusailfier 35%KOH/Activated carbon Y311ai 30

wt.% meuducro lunisneassne
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m‘nﬂssna‘u‘n 19 Ltﬁﬂﬁﬂ'J'li]ﬁll'ﬂu'ﬁ53‘}‘i')'l\uﬂ'ﬂﬂcﬁuﬂlﬂﬂﬁmﬂm@'iﬂ‘lJ'].f‘iif’lﬂlﬁ'Jﬁ\?!“lJ{]ﬂ‘iﬂ’l

N803187%4 131a CPO:Ethanol 1:9 gastigil 60 °C uagryamsyh§isen 120 uri

() wavesdnsiaulialuane %Ethyl Ester
Y ot T =y d’. A o i ot 1
vinnInaaeuiemsndnd luafmngday Fuihmsnaasiidasidn
= d o 4o o s < ¥y a1
@ Tyavoniniuihasdanasenivemilu 16, 1:9 nog 1:12 WeiisudaNnududuveediis
o ma 1 o o & = = o P
UFATe1uunIuAUTUA Ao 35%KOH/Activated carbon U31194 30 wt.% 1HguACPO 9
gavgil 60 °C waztaarlunisiilgaTer 120 wH wanaasdanmszneul 20 Wyl A
5 1 o
sasiddalunvenivinhdududeeniuea 1:9 1% %Eihyl Ester vinfiga daiudasidu

F=Y ~ o 3t L = @ 1 =y :J o7 od -~ T
w4 luanozihn s lumsnaasedo 1 Ae damiarudFe luavesthvwhdvaudeienuoa

iy 1:9

(3) wavsdgaHgilumnlnsese %Ethyl Ester

pnminanefiefnuinavesgungilunisnil §iTer dnrsnaased
gamngil 60°C, 70 °C uaz 75 °C A0 1391 §AT01 35%KOH/Activated carbon 1T1181 30 wt.%
deuRucro Asandnudaluaveniuhduaudeionueady 1o uaznarlunisi
U301 120 Wil sauasdanmlsznoud 21 mamsnaasany muiigangidaade
%Ethyl Ester Tfosunn tilosnnlundazguungilian %Etyl Ester Indisaiu uududen

gangli 60 °C Tumsnaanase 1y
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@) waveadiusaulfdseuwmeniiug

fnsnansufiewSsufisudndalfasnaiaeniug defnuidauds
1§50 KOH 151w 2 we.% tieufucro nfsuisudududal§Asnaidadindug denmn
#2591 3361 35%KOH/Activated carbon MISiaust1e9 §awil§Asensudiomaniiindu #
anaz sandndsluavenhihdududerenueadiu 1o gaungi lunsiljase eo
oc 1 lumsfinl§Ase 120 1 wausasdeninilsznoud 22 nmananesmud Fauss
UgaSosiiaeming fiszdniamgaga Tnols %Ehy! Bster qafie 99 % iadondudase
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FaugaUfAsen 35%KOH/Activated carbon sz Anmwdiniuilefivufudusaise kon
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amnsatudi'ldh Kou A Tnanuudwiuiud 1dulfou 11y xrco, Silquanifazay
st linzaneluueans goavsovdwalidusulfisninalumsiil§iSomsudea-
mesTnduiituoanssedifiumsasd s KHCO, i pH Yszanm 89 Fedeiudmua
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1 Q/ 3 1 at ] a0y : ] af A
dou duiudsdanalddussl§osoiidss@niomdr uaslinadenisdnuriledodu « fe

L) af 1

dd & oSJI o 1 w  a o e ar 1 ~ ny ar
nodidud Tagiiviin KOH vusuindud dsnadusalgnse sasrdnngsluavesiniy

ihfududeemuea uazgangiilumsihlfider
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O 20w.%cPO
O 30wt.%CPO
B KOH 2wt %CPO

%Ethyl Ester

ni a w o t & & d o & ar = ]
J"I‘I‘l‘l‘ljizﬂﬂﬂﬂ 22 L&ﬂ'ﬂ\?ﬂ’J'liJﬂ'il“)‘luﬁ'i33’1’11\1&1‘83LGI)"Nﬂlﬂ‘ﬂmﬂﬁmﬂiﬂﬂﬂiﬂ’lﬁlﬂ’iﬁ ¢ U3
Ag ﬂﬂﬁﬁ?&l‘l 35%KOH/Activated carbon 7189351821159 1ua CPO:Ethanol 1:9 qquﬁ 60 °C

wazrmlunsinigazer 120 i
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4.4.2 wavean1sld KOH/ALO, i usalfaen
11A91IVBYD9 Noiroj Uazaase (2008) lavimsAnmanziminzauly
= oy & ey o o w9 oy CY o g} qr ] oy ey
msuaaaeanesnnlfisomiudioameitindudininiuldy Taslddusaulgisn
=1 ¥ b} o o & ] = 2 =
Tnunendonleasen leduuesaiiug Sanunaneiminggune 25% KOH/ALO, 5N

ko ]
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Y
aw AR o

ki
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- =) & Sas < ey @
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(1) maveai3anamuinl§itene %Ethyl Ester
Anyalsnudusal§aserluge 1030 wis% dsuducro Tavlgsasida
s
@ luaveuivinhdududeeneadiu 1:9 gagilunsdil§aser 6o «c nailums
UPATe 120 1w Taeld 25%KOH/ALO, srauaasdanmlsznouf 23 snmsnaasanud i
14

as £ o o ar ¢ o ' =3 2 o
ang dananud luahfuhdvavedseniuen 1:9 gaungil 60 °C uaziaarlumsi
UnTe1 60 w19 WemiulTundus1lfiTer 25%KOH/ALO, 304 20 wi% HyufUCPO

' [l £

daralsl %Ethyl Ester tRUga03 99% udld Yield 69 % tifoasnilgpnmsuonduszndiam-

=y o = =1 Ao a e = A | ] )
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: ~ A 4 o e I '
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3 ¥
sz 13 wenvmiu Gaflwy Heddu on lumsisalgAsemsmdeamesTlindu daiu
2 |y 1a b4 A T e &1 ¥ ' = =1
Teludufludesnaasy Frar ifeminyiledudde L) uaasdt kor vuezgiiuai

=y =y ) Lo T oY A ar = . . a’ 3
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4. MsIRnziANUmOLNY
(Standard Practice for Density, Relative Density (Specific Gravity), or API Gravity of

Crude Petroleum and liquid Petroleum Products by Hydrometer Method)

4.1 gilnyal
1. Hydrometer A84 1411053711014 ASTM
2. med luflmed doqldmmsguam AsT™
3. aszuenas Wdusigudnatanisluedisdon 25 uy. doelngni
drhgudnaianiensnya Hydrometer 7114 inziinmgenominzs Hydrometer nogly
f0819 TaoilszoeniesenaduYed Hydrometer HAZN5ZUBNAINDO1TIDY 25 131,

4. 919AWUYUHYH

4.2 3MINaaoU (ASTM D-1298)
Q2 F=Y o 1 o o=y & q W =
1. dSvguvgiivesdieie nszuenang wazmes luimes Tdiligungii
U
ar 1] ' A =3 tﬂ'ci
2. wdediaslunszvenaefiazeranazuiain d1iiWeefin11914

nizeynsoauaziin ldvlesomiemiualy
3 [
3. yanszueanelunuads Ao lifinszuanuuaz lduazifiou guungd
#oq lunasumlawmasanisnaass

1 o7 1 ar o T o o~ 4
4. floge) 7N Hydrometer 03 1ud 19819 wiousumidiodademas niime s

@ R =y o ~ o
Tunngagll udweunes luinesoen

6. N9 Hydrometer a3 ludsthadssunaassana udrdanenuil A1uves
Hydrometer Noginiinvsunalnzdoauia uaz Hydrometer 93#09719 uazansot9dgse 1)

TUAAAUNTZUINAI
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7. OWUMAMNHUNIA Hydrometer

L e TS e

LRI PR
BAKL & LG

i+ BOERIG OF e MCHCLE

. 43 §eaLg
M ¥ Koy

Mvilszneud 2.3 MIUAINNINU NN Hydrometer SnuMIngwnianyTusela

5. @!ﬂllﬁm‘n {(Pour Point)

5.1 M3Un5IzHge lnam (Pour Point ; ASTM-DY7)

1. wdidetsazmldnasaudinageumiyausnssdy (45 ¥a.) (e

o =y o o
o3 luiimes 5C Azl

Ed o
2. quA019ld Mgavigil 45°C unzdrodaedregsinii 24°c (Fa13 w

b}
e

YUNNUTBY)
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3. Tauqunisannavesgamgiidiotadsil

iionnmgidiedield Hovasaudnsgoennseed
27°C 0°C
9°C -18°C
6°C 33 °C
24°C -51°C
-42°C -6 °C
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o =t Jq 3 d g E ! 1 o s
winewe - AIdiuguugioiweanesed il ldmedhidlasaidavemesauly

nuIszdugamgiludaiiauoi

& = w 1y A x < q % 3
4. egangiivesdied e ld 9 °c milega Inam (mianisal) 1unnasauda

& : e Y oY ow 1w v \ wq v v s ¢ 4 =
VUMD TNATDU LDYIHADALUNT D108 1'}1?} lﬁlﬁﬂuﬂﬁﬁﬂuﬂ?m’E;TJ’E‘)'IQL‘}HIQHMM

3 ﬂlyl 1o E=Y =
@uneuil linu 3 Jui)

¥ ] t
5. naztdunilouds 4 9 aungiidredisianad 3 °C aunseiany

dearaihilvuded (100 %) TdiBeemasaud lumassnudaiiion s 51 drdaeea i

milnada Wngamsnaasy

=Y o 1 o @ ar
6. Mmpaga Inam = ganglgaimeiidiodraihylvaded +3 °c

0. -igmju (Cloud Peint)

6.1 MIINTIZHMYAYY (Cloud Point ; ASTM-D 2500)

1. wenda0619 tazm ldnasaudmaasumWlauenssdy 45 ua.) 1@ey

o ~ o ar
o3 luilmes 5C fagy
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2. vimasaud lfguluennnuden sunssfiseangidredrsganhyagu
<
(Mamsal 14 °C)

K
3. Tmmumsasasvesgumgiidaedia fail

flogungiinene|d fhenasaudiasgorueansaed
27°C 0°C
9°C -18°C
-6°C 33°C
-24°C -51°C
-42°C 69 °C

N @ oo dq 9 : =1 9t 1 1 e
winag | malTuguugiidweanssed dihuvwtslamadhilasaiaveme a1

nfseduguugilusaiuauedu

1 d ]
4. Wn9 gangil 1°C Hanae MHennasaudriuninaanasoy luuuifs
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a ' | W ¥ o Y ¥ ey d 4 S 324
ﬁammﬂ’nmgu {(N15N9A1YD4 l"l!) PINATHUHVBIHADALUNTD D189 l'iJLﬂllWHTlﬂuﬁﬁﬂﬂlﬁﬂu

) ] 2 =y 3 a?.’h (=Y =Y =1
VADALAIAID IV DUAY (VDU 1inu 3 AUIN)

5
9

gt 1 ] = df 35 o q Y a K = s 54
5. BIHUTTIAVAUNHUNAUT DDALUR G iﬁnuﬂnqﬂmguuu%uaz

swnupaiiugagy
7. Qﬂﬂ‘lﬂﬂ (Flash Point)

7.1 nwganulvluwuila (Flash Point by Pensky Martens Closed Cup
ASTM-D 93)
Qs ] g b1 = (= ar af
1. médredasludieTanznagey Ysmasmdausnizdaunisludae
. 5

2. Madasaslumimaey (@samusesuniisaiy) dszneudinsoudon
(Iseannnsefudmi) ifon Themmometer 9C uagasniudisdradfurhasoudn

3. Wanfadszun uasa¥ugn Ty ignitor W dvinadushgudnans 4w,

4. Switch on YR INFDE1 UaLHYUYTU Heater (M15UTUvzNIZHIBH19

aoiiied toaugudans Ianuieuuadiee1a 5-6 °C dourdi aasamsnage)
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5. isugugn ¥ (eonauszgaduesdn Tudd vaisgugn ) deqaingi
3
#1061914 23°C Aoudagany I (mamsad) aaumuna lumsu I 1 Tindimis
' N oy A = A & o N 1 y
6. Jugn Ivldetileanng gungldinay 1 °C nszianugau Ivldganuly
(339) oguenyt £ 5 °C veaganuli (mamsal) Wimsmageulvi Tasidengarlsl
(meanisal) ndIf Indifoediuganyla (ﬁm) uazs1enunagay W o anuduusseng

(760 wu.1l58M)
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PILOF — SHUTTER

FROKT

HANDLE (CPTICNALY
[UyST K0T 4P £RPTY CUP)

STIRRER DRIVE FLEXIBLE SHAFT
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8. ANUNHA (Viscosity)

= = A 97 A o CYN )
e radoamunsoussdmums Tna anuniladiuauiffsdani
A dow o 5. w o o 4 <
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doalltemuaanurianminsantenu 1 Taomynzrdatucaodediends annunia

3 1 g.l ar 9
ﬁ]glﬂuﬂ'ﬁlﬂ]ﬁ Grade Y8311 UAIY

aylsznoud n.s g‘ﬂ Cannon Fenske Routine Viscometer for Transparent Liquids

8.1 Fanaeen
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=L ¥ e

= 3 % o [ {
1. awdnofimesdreditazaehmnzan udh lfudednathdoaud
3 9 =t = o ] Yo @ 9 i ' o or
uiaraseln Milasdunisaasy lunasalddwadisveunaimauszniunsalasiindy
nsaKailIan
3 o~ 1 & =1 19 ar T ot 9/ ar 1 ]
2. S1imsdunTovewdsogludrenshisgnade ldnsesdaadrariiu
. = -
sintered glass HIDATUNITINSLOHA
w 1o = ) 4 2 =t = Ea
3. wssgisehsinznadeudhludansiines Taendwmoaondansiines uas
THusegandmadiu ¢ Juidmedu A asludiedisiivgnaaey Iddede lvadi ldvuds
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o A = o g/ Y 1 oA ~ o 1 =y 9/
4. WIAABIWMOTAIY Holder ua1ITADNNDS lUDNAIUQUoavndl 14

=l =y L a
Tanolwoiedluuuas
’ ¥ L] H 1
5. Mal3lszane 10 udl lunsdifivzmanumilad 40 °c (Felddod1ed]
gauugiihnue) uag 15 17 lunsaifssniarmilai 100 °C

3 a T P ¥ = = 3 '
6. lFgnensgadionaueanaifitlarsdin A wufivesveunarigaiiuineg

9 1 a9
7. vintivdesyoaunadld lnaadlilTasfagnorseen Suiurnardua
T ~3 ar 8 A z:{ 8 g 1 = ~ 1 1
YIUWABNUTA C  IUNTEN9093a E 3ari lddean1ndr 200 Juif winadieasnda 200
= P L= = I L L] ar ar v W el = ~ o ar ]
T LaneenyInavelaneimes iz auiudles WnlasuIaneiimesdulnl)
Y Y
8. nageudy laaviiniude 6 uazde 7
9. 11 Kinematic viscosity 1UM128 mm’/s (St) 1¥1180 1 lunieind a1

1Y .
7138 Viscometer constant
4
9, mﬁmﬁwwﬁmﬁﬁnﬂ's'aummm-iunmum {(Copper Corrosion ; ASTM-D 130)

9.1 munaeuiiegaazglnsel
1. Switch on 81AILNUYANGH tazuBmesAIUYamadlus
2. dfugaungiionmageu astaumresmuaveusazA 19619
o ' 57 Y ¥ = EY '
3. TAUANMBILASNNAIN (ATY 6 A1) AnTTaIuNTItaziDen A1auHY

neuasdedimsmeimInz ey @iansu lusi) uazidaes i

9.2 YHADUNINATEL

1. malesnatlunasanageulsuias 30 va. uazuusunountaslu
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L1 dmiudledaiszineen 19 ldgnasinnieuduegiiiionia
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2 WICE GROQVE FOR PRESSURE RELIEF
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+ +12 TP HF THREAD
{OR LQUIVALERT)

.~ LIFFNG EYE
"~ KNURLED C29

_— SYHTHETIC AUBBER 0" RING
=" FREE FROM FREE SULPHUK

. CHANFER (HSIDE CAP 10 PROTECT
‘0 RING WHEN CLOSING BOMEB

MAX TEST PRESSURE 100 LBF/IN?
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46"

MATERIAL: STAINLESS STEEL
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A0819
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3. waannasuaius Idhirunewasonn d19ddnhazasimisail
uazilaee i
1 9 ] A ol T -
4. geaudunoauinlunasau i nufo AT UUAMIIRTTIUNSTN

ATOUVBIHUNDILAT HATTBIURAINUNS aidunTnueiveiunasguAdou 1§
10, AISAATIEHINYANEY (Distillation ; ASTM-D 86)

10.1 3503
1. feundudoatinuaeIn Condenser I azarauazutaTnalddgnda
fU82A01ANZY Condenser
ot 1 o =S 4 o
2. 923879814 100 ya. naluvaandnaing 125 va. nas lamaudiietloeny
MSLADABEINGULLTY
a P sy ¥
3. (@uUmes Iuiimein lAnas a1y ASTM angll
" ~ o
3.1 Gasoline 1¥1mes lufimes 7C

3.2 Diesel 14mo3 luilned sC

¥

4. Usznouu1anau I HUUEaTINGY Condenser LA AUUIANRUTATINALILHY

59451

4.1 Gasoline lduriusnsfuRiThdusngudnema 38 us.
o kY 1 o

4.2 Diesel Iduriusasiuilidusmagudnans 50 wu.
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5. dsznaunatiudad i Condenser
6. ﬂ%’uqmwgﬁmm Condenser bath
6.1 Gasoline 1521181 0-4 °C

¥
)

6.2 Diesel Uszanm 50°c (14rigu)

' a
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o = =Y - &
(endu 93% uaz 94%) yunszisgamgiigaine (G lidsamsgungiigaioldtaaing

NTDIRNUA 1 91% veandu

NINENE : Gasoline NeutazHdnal gungiinag Indifesturlszinm 13-18 °C

Diesel fioutiagnaInay gungiiny Indinssiuilszunagang o




80

9, MdmamImaumagands (loss) IWdnausunsevisgungiigaiie (FBP) Ta
3/

1
=)

G089 AM A NAUVIANAY (residue) zFUMmInBANTUTZ A (recovery)
% loss = 100 — (recovery + residue)
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1. wiawmaes, fovas Tashnin Tiigiinan 96.5 EN 14103
; {Methyi Ester, % wi. )
2. ATIHUNLIY & gl 15°C, Alansiy Tidni 860 ASTM D 1298
gMNAAns (Density at 15 °C, kg/n3) uay
Taiganda 900
3. anumtle o gungll 40 °C, suda lond Tafdinn 3.5 ASTM D 445
{Viscosity at 40 °c, cSt J 1uag
Niganh 5.0
4. | yamu'li, evmuvaden : hignd 120 ASTM D 93
(Flash Point , OC')
ko
5. | fweiu Seeas Iaginnin Tigandy | 00010 | ASTM D 2622
(Sulphur, %wf.)
L
6. | mndn, Sasaz Insminnin Tafgand 0.30 ASTM D 4530
Govne 10 vosmafmdeINMINaL)
(Carbon Residue, on 10 % distillation residue,
6wt.)
i 51 ASTM D 613
7. B
(Cetante Number)
3
8. | ddanla, Sesas Iasinnin higand 0.02 ASTM D 874
{Sulfated Ash, %wt.)
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5103 fortmug das1gad Finaaou”
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9. 1h, fagas Iasinnin ligend 0.050 ASTM D 2709
(Water, %5wt.)
& 3 o 37 S 1 '

10. | faudlewianun, Sevaz Taerinnin Tigandn | 00024 | ASTM D 5452
(Total Contaminate, %w(.)

[ | MIfnnseuuAunadng Nigend1 | winway1 | ASTMD 130
{Copper Strip Corrosion)

12. | @desnmsenatinilfnsvieendiadu u liidand 6 EN 14112
qaIvgil 110 ssrarbod, %219
(Oxidation Stability at 110 °C, hours)

g = oA oo =1 ¥ ¥ 1

13. mnnniunsn, JadnsuTlmadonleasen higand 0.50 ASTM D 664
lad/nsu (Acid Value , mg KOH/g)

4. | mleleduy, niulelediio0 niy higand 120 EN 14111
(Iodine Value , g fodine/100 g)

4

15. | nsadlueiinuiaemned, Sosazlnsninnin | higend 12,0 EN 14103

{Linolenic Acid Methyl Ester, %wt.)
¥

16. | mnuea, fesas Iaminnin liiganh 0.20 EN 14110
(Methanol, %wt.)

17. | Tulunfiwelsd, feoas Taerinnin Taigandn 0.80 EN 14105
(Monoglyceride, %wi.)

3

18. | landiwelse, fosas Ingrinnin higand 0.20 EN 14105

{Diglyceride, %wr.)
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03 fasmun Sangad naden”
=S ¥ Il ;} ar "o 1)
19. Tosnaiwe'lse, fovazlaainnin lsigand 0.20 EN 14105
{Triglyceride, %6wt.)
. 4 | r
20. | niwsaSudasy, Sevas Ineriinin Tigant 0.02 EN 14105
{Free glycerin, %wi)
] = g 3/ ny v 3 )
21. nilreTunaun, seoas Inatinin Taiganth 0.25 EN 14105
{Total glycerin, %6wt.)
22. | Tavigngu 1 Gandesmas lugaSon), Tigan 5.0 EN 14108 Uiag
saansu/Alansy EN 14109
{Group [ metals (Na+K) mghkg )
Tavigngu 2 WaaBautosunniiion), ligenh 5.0 prEN 14538
siaansualansu
{Group Il metals {(Cat+Mg) mg/ka)
23. | Heavlefa, sosasInerinnin Tigendr | 00010 | ASTM D 4951
{Phosphorus, %wt.)
2. | os@uuge @i Wi e R8s uamuiureuan
(Additive) DBUANTUFININEINIU
- ol o TG ' {a g o PG Yt o
winumg 1 vadeuannleisoundieunin 1d ualunsdfdide Tduda v leisiomualy
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MIUATIZH

F-Y 4 i L o . | A=Y 34
1. r-mm‘s*amﬂzﬁﬂﬁmmnmlmuuamzua:ﬁ % Conversion ﬁjﬂdﬂ‘iﬂlﬁmuﬂﬁﬁxﬂ?ﬂﬂﬁ

u <t 1
lnsniianazaiag

=] ar 1 [T [ =] ) =y
L1 finyrannyvesiusalgasannsadarisnuvesgiin

4 <4 3; ar ar = -y i
ms1ed a1 amsinyidedidud Tambminveansadairinuuesgiui (H,50,/AL0) i

¥
= o 1 Aan ar ar 3 = o o d o ]
anz: YSinadusalfaier 20 wiy Weusucro dasrdanuge luainfuihdududeen

uen 1:20 gangil 60 °C o lumsiilfasm 60 uril

15181 FRA (wt.%) % FFA
H,50,/AL0, {(wt.%) Ea 7 L —
ATIN 1 TN 1 AN 1 | Avmny | Conversion

10 4.120 - 4.120 22.09
20 4.034 4.008 - 4.021 23.96
30 4,286 4,03 - 4.158 21,37
40 2.468 2.65 2,859 2.659 49.72
42 2.084 1,704 2.032 1.94 63.31
45 1.541 1.919 - 1.929 63.52
50 2.001 2.243 - 2.122 59.87
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ﬂi = =, w 1 = an = ar 3 o ¢ o oA
319N A.2 wamsdnydTinad sl §Aser 42%H,50,/AL0, iHsuduiiuiuihaudui

¥
an1e: SandudsTuahiuhdvdvdeemuea 1:20 gaigil 60 °C uaznalumsi

A1 60 179

T Smadasalgisen 151701 FFA (wt.%) % FFA
(wi.% iﬁﬁl‘ﬂﬁ)ﬂCPO) ﬂi‘lﬁ i .ﬂg’,\‘l'}‘:’;l 27 ﬂgﬁﬁ 3 ﬂl’lmﬁﬂ Conversion
20 2.084 1.704 2,032 1.94 63.31
25 1.808 1.599 1.873 1.76 66.72
30 1.493 1.523 1529 | 1.511 71.35
35 1414 1.402 1511 | 1.442 72.72
40 1311 1.465 - 1.388 73.75

H 5 r
M99 A3 HamsAnydandnud luadhihinhduvdeemusaiianig: dusalfazn

42%H,S0,/ALO, UTuat 30 wt.% HeufucPo Higangil 60 °C wagrarlunisinlise 60

U1¥
onTeFe lua 153101 FRA (wt.%) % FFA
(CPO/Ethanol) ﬂgﬁﬁ 1 ﬂ‘gj \1‘?; 2 ﬂﬁg dﬁ 3 ﬂHﬁA?%FJ Conversion

1:6 2,814 2.896 - 2.855 45.44
1:10 2.401 2,271 - 2.336 55.82
1:15 1.916 1.982 - 1.949 63.14
1:20 1.493 1,523 1.529 1.515 71.35
1:30 1.686 1.759 1.629 1.691 68.02
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m319f a.4 namsanrgamgil lundul§asefiang: dusal §iTo 42%H,50,/ALO,

LY
- = o or 1 = o & d o t
Y5 30 wt.% MoURUCPO Bas1d1F luminfuihaududeteniuea 1:20 uazaailu

mMsiliser 60 uin

. 1JF11% FFA (wt.%) % FFA
qungil () S e S
AFIN 1 134N 2 134947 3 fImag | Conversion
60 1.493 1.523 1.529 1.515 71.35
T0 1.432 1.305 1.204 1.314 75.16
20 0.735 0.831 0.873 0.813 84.63

15190 .5 nanisanea lunishl§iserfanioe: dusel §ATen 42%0,80,/AL0,

1
s 30 wo% feuiucro asidad luminhnhaudvdesniues 1:20 unzgengi

Tums¥inlgnser 8o °c

zozram lumsiilgnsen 1TN01 FFA (wt.%) % FFA
(1) afeft1 | a¥afi2 | afaR3 | sunfe | Conversion

30 1.758 1.634 1.788 1.727 67.35

60 0.939 1.018 0.855 0.937 82.27

90 0.731 0.865 0.796 0.797 84.92

120 0.767 0.816 0.738 0.790 85.05

150 0.926 0.875 0.852 0.884 83.28
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= o ] A Qr oy ey L] o or d
1.2 Anmanizvesdusslinssnsadadlisavusunusiun

- L 4 .-.? W o = 1 @ oar o
3190 a6 manisAnyralefidudlaniiminveansadafoTauud1ududud
(H,S0/Activated carbon) Nen17z: Usuraidusal§asen 20 wt.% MounucCPO 905163143

e
& as & o . -~ o Aaan
Tuahfuhduauaaemuea 1:20 aamngi 60 °C parlunshlise 60

H,S0,/Activated carbon (wt.%) 3119 FFA (wt.%) % FFA
adeit1 | afeit2 | efis | sunde | Conversion
10 ' 5.229 5.113 - 5.171 22.94
20 1.984 1.959 - 1.972 70.62
30 1.722 1.748 - 1.735 74.14
40 0.515 0.527 0.534 | 0.525 92.17
45 0.485 0.443 0527 | 0.485 92.77
50 0.467 0.415 - 0.441 93.43

¥ ’ ¥
M19190 7.7 HamsAnulSunudusal§iTe1 40%H,50 /Activated carbon Hgufninfuadu

1
=

¥
a o 1 = o a & e ] -~
AUNENIT: @?’I‘ﬂﬂ']'l!l‘b’\‘ﬂlfﬂu']‘llu‘lJ'miJﬂiJﬁﬂ!ﬂ'ﬂ'luﬂﬁ 1:20 gy 60 °C menaﬂum's

o,

N1YnTen 60 U

UTadusalgasen 15181 FFA (wt.%) % FEA
(%owt. Lﬁﬂ‘l_!ﬁ‘uCPO) ﬂ%ﬁﬁ 1 ﬂ%‘l‘ﬁ 2 ﬂ‘gjﬁﬁ 3 f-‘hmgﬂ Conversion
20 0.515 0.527 (.534 0.525 92.17
25 0.587 0.607 - 0.732 92.1
30 0.831 0.589 - 0.71 90.59
35 0.873 0.802 - 0.838 91.08

40 0.622 0.663 - 0.643 91.36
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. ' ¥ 1
M151971 0.8 Hamsandasidau@ luminhnhdududeremusaiionnz: dusalfasn

40%H,80,/Activated carbon U118 20 wt.% AYUAUCPO Ngangll 60 °Cuaztinilunms

Ufn5e1 60 11f

dasigde lua 1/531% FFA (wt.%) % FFA
(CPO/Ethanol) ﬂéjﬁ‘ﬁ 1 ﬂg‘lﬁ 2 ﬂ‘%sj \'i‘ﬁ 3 ﬂ"l!.ﬂ?;ﬁl Conversion
1:6 2.287 2.391l - 2.339 57.83
i:lO 1.525 ‘ 1.674 - 1.599 78.49
1:15 1.291 1.342 1.402 1.345 ‘81.46
1:20 0.515 0.527 0.534 0.525 92.17
1:30 0'.941 0.645 - 0.793 88.62

M519N .9 wansAnyigangii tunmshnl§aserianiay: dusel§aser 40%i,s0,

3
Activated carbon U519 20 wt.% IHeuducro sasraude Tuaiuldududsieniuea

1:20 gz lums Al §nser 60 wii

. T8 FRA (wt.%) % FFA
UMY (C) 7 Z4 Z .4
s 1 | asen2 | afeh3 | dunie | Conversion
60 0.515 0.527 0.543 | 0.525 92.17
70 1.143 0.706 0.784 | 0.878 89.9
80 0.928 1.042 0948 | 0973 89.01




a2

A ] 4 o P | (Y aae .
ma1eh .10 ganisanya Iumsinl§asanianiog: dusalnTer 40%H,S0 /Activated

¥
= o ar I =y a a d o 1
carbon 133791 20 wt.% MeudUCPO sag1dnuFe luatiulauauaseniuea 1:20 tag

gamgilumsinlfaser so°c

yzugna lumsinlgisen 151701 FFA (wt.%) % FFA
() ﬂg{ﬁﬁ 1 ﬂ?ﬁﬁ 2 ﬂgﬂﬁ 3 Conversion
30 1.353 1.318 - 2.012 80.57
60 0.515 0.527 0.543 | 0.525 92.17
90 0.602 0.598 - 0.6 91.87
120 0.583 0.564 - 0.574 91.65
150 0.575 0.542 - 0.559 91.74

=4 or 1 ey V=] PR da d
1.3 ﬁﬂ‘HTﬁﬂ?Gz‘ﬂﬂﬁﬂ?liﬁﬂ{]ﬂﬁﬂ1ﬂﬁﬂ°ﬂﬂﬂ’Jiﬂﬂu!!ﬂil!ﬂﬁ)i’a@‘ﬂ 15

d‘. =2 o o o 3’ as oo g o
13147 .11 Wﬁﬂ'lﬁﬁﬂ‘kl']lﬂﬂ5!"]51!9]1?131!71’71—4ﬂ‘ﬂﬂ\?ﬂiﬂ%’ﬁﬂ’\]iﬂﬂulﬂﬂﬂlulﬂiaﬁﬂ 15

(H,S0,/Amberlyst 15) Nign19z: YT usal§Azer 20 wi.% ifenfucro dasidnuFalua

kY
ifuhdududelomuen 1:20 gamgll 60°C na lumainifaser 60 i

1153101 FFA (wt.%) % FFA
H,S0 /Amberlyst 15 (wt.%) v ¥ T —
3911 1 F3IN 2 59N 3 | ANNae | Conversion

10 1.867 1.715 - 1.791 76.26
20 1,241 1.329 1.451 1.340 82.40
30 0.685 0.907 0.956 0.849 87.98
40 0.749 0.851 0.854 0.818 88.03
.45 0.655 0.857 - 0.756 89.833
50 0.788 0.813 - 0.801 89.42
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{ 1<) o ooy Y g) o I's
m3197 7.12 san1sAn 1S uad sl fATe1 30%H,S0,/Amberlyst 15 Rounuigiuthay

i 5
Auiian1az: sasrduds lwarhfnhdududeeniven 1:20 guvgd 60 °C wagnalunis

Ylgiser 60 uid

YSinadusul§azen UT1r8 FFA (wt.%) % FFA

{Yowt, LﬁﬂﬂﬁﬂCPO) ﬂ?ﬁﬁ 1 ﬂ’;":\iﬁ 2 ﬂ‘?\?ﬁ 3 fhmfliﬂ Conversion
20 0.865 0.907 0.956 0.849 87.98
25 0.844 0.673 0.675 0.731 90.61
30 0.741 0.855 0.752 0.783 89.93
35 0.772 0.793 - 0.783 89.93
40 0.622 0.556 - 0.589 92.42

0 b H
M319h a.13 ramsrvisandinud luainiuhdufudeeniveafianz: duselfnie

30%H,S0,/Amberlyst 15 U310t 25 wt.% tNsunuCPO Ngmugii 60 °C uaziarlunisin

RN 60 WA

Saraatand Tun U019 FFA (wt.%) % FFA
(CPO/Ethanol) ﬂ?ﬁﬁ 1 ﬂg‘i‘ﬁ 2 ﬂ%ﬁ“ﬁ 3 ﬂ"lméﬂ Conversion
1:6 2,973 - - 2.973 56.21
1:10 2.455 2.180 - 2.318 72.35
1:15 1.590 1.267 - 1.429 81.57
1:20 0.844 0.673 0.675 0.731 90.61
1:30 0.908 0.793 - 0.851 89.06
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715190 A4 rantsanwiguvgilunisiil§aserianiaz: dusel§ase

¥
30%ILSO,/Ambertyst 15 UFunas 25 wt% ifloufucro sasdnudsluahiiuthdudude

BMUen 1:20 tagirar lumsiilfizer 60 i

1510 FFA (wt.%)

- % FFA
RamMaul (°C) Z 4 74 74
ATIN 1 549N 2 7399 3 Conversion
60 0.844 0.673 - 0.675 0.731 90.61
70 0.917 0.922 0.851 0.897 88.52
80 0.904 0.892 - 0.898 88.54

3197 A.15 pamsant e lunsinlisennanas: dusel§nser 30%H,50,/Amberlyst

15 U510 25 wis HisuRucPo Sasdade luahsinhdudndeeniuea 120 uas
gamgiilumsinlgnset 6o «c
szaznmlumsnilgnse 15270 FFA (wt.%) % FFA
() ﬂ'??qﬁ 1 ﬂ%'ﬁ 2 ﬂ%ijqﬁ 3 | Aundle | Conversion
30 1.834 - - 1.834 76.74
60 0.844 0.673 0.675 | 0731 90.62
90 0.640 0.742 - 0.691 9129
120 0.681 0.685 - 0.863 91.43
150 0.678 0.680 - 0.679 91.40
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M13197 .16 #ANITANYIVIIAYDIUPANDIRANAN1IZ: § 4391581 40%H,80 /Activated

8
carbon U511 20 wt.% g ufucPo sasid1de Tuaivuidududateniuaa 1:20

gauHgl 60°C wagtaa lumsinlgnse 60 i

- ., 1539 FFA (wt.%) % FFA
FUAUDONDIDA T T A —
AN 1 ATIN 2 134N 3 fAungy | Conversion
emuon 0.515 0.527 0.534 0.525 92.17
HNTUDD 0.349 0.351 0.332 0.341 95.23

=] 0 o or t ana ® a v 9
1.4 maandsyAnamvesiasal§ntenlumsihadumnldah

:; =] ar U Y- 9 [ 3 c;y - ar [}
AN na7 F'Iﬂﬂ']ﬁﬁﬂ}!'ﬂj‘i.;‘lffﬂﬁﬂ']‘i'ﬁlﬂ\ﬁﬁ'l!.‘iﬁﬂ{]ﬂ‘if.l'ltluﬂ'liu'iﬂﬂﬂﬂ']l‘})’cﬁ'mﬁﬂ'ng: AUTI

b4
UHATo1 42%1,80,/AL0, 151181 30 wt% 1HonfucPo damdruFluaveniviuthdudy

ABIBNIUDA 1:20 UKL 80 °C uaztia lumsiml{se 60 1

vy 4 U301 FFA (wt.%) % FFA
M3 19 (aseh) 7 3 7 —
AN 1 | ATIN 2 AN 3 | Aunay | Conversion
1 1.G679 1.134 - 1.107 86.12
2 3.578 3.467 - 3.527 53.97
3 4.205 4.187 - 4.196 32.26
4 5.069 5.254 - 5.157 20.97
5 6.843 6.791 - 6.817 15.25
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A =T o 1 £33y o @ :I.Jr:J ai at 1
M3199 .18 pamsAnylszaninmvesdusulgnsolumabhindumnledinon1az: dauds

ﬂﬁ nsun 40%H,80,/Activated carbon U510 20 wt.% 1HEUAUCPO da51dUL%e luaved

¥

ar

i hdududeiemuen 1:20 gangd 60 °C uazran lumstl e 60 i

gy ¥4 15110 FEA (wt.%) % FFA
M3 ldan (asen) 7 v 7 —
ATIN 1 | f99N 2 A7IN 3 | anay | Conversion

1 0.643 0.637 - 0.64 90.63

2 4.549 4.581 - 4.565 38.54

3 5.632 5.723 - 5.678 29.66

4 6.854 6.901 - 6.878 15.36

s 6.367 6.403 - 6.385 12.64

2. mam3dnaeriliina % Ethyl Ester uuunzlszanm (proximate analysis) Taels

v el y
luTasnu Aaarzag

: = o 1 ama . =4 ot :’ at &
M15197 7,19 ramsAn IS s 1§AT81 25%KO0H/Activated carbon fisufuiuiau

] »
fudianng: sSandnudaTuarhiuihdududeeniuea 1:0 gangil 60 °C uaznartunms

U3 120 wR

YTmnadusalgnsm % Ethyl Ester

(wt.% (ReUnNUCPO) a1 | ndait2 | adits | Aunde
10 67.03 67.03 - 67.03
20 68.07 68.07 - 68.07
30 68.07 68.07 - 68.07
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4 =y qr ooy a 3’ of I's
15199 .20 HamsAnySIaduT Al §ise1 35%KOH/ Activated carbon tgnfiingiuald

' ¥ ) R
Aunanneg: dasdnud luminiuthdudvdeeoniuea 1:9 gamgil 60 °C uaznalunsi

§f5en 120 wf

UFndusalgnsen % Ethyl Ester

(%wt, INYVBAVCPO) et 1 | afafi2 | asaia | Awede
10 68.07 68.07 - 68.07
20 68.07 70.3 - 69.19
30 71.94 70.3 - 7112

H L3 ar 1 e =t L :’ o) I a
ﬂ'lﬁ'ls?ﬁ .21 Plﬁﬂ'ﬁﬁﬂ‘ﬂ'lﬂ'iMTﬂ!ﬂ'&iiQ'ﬂaﬂiﬂ’l 35%KOH/Amberlyst 15 l'YIEl'iJﬂ‘]Ju'lll'i—.l‘l!'iﬁllﬂU

[l ¥
fannz: sasdnudlumihiiuihdudvdsieniues 1:9 guugll 60 °C uaznarlunisi

AT 120

UImadnsal §asen % Ethyl Ester

(%wt. [AYUNUCPO) afait1 | asafi2 | esefts | dunde
10 68.07 63.07 - 68.07
20 68.07 70.3 - 69.19
30 71.94 70.3 - 71.12

{ = qr T o an ar oy as & 1
@15199 1,22 HamsAnUSuad s slfnser 25%K0w/ALO, eunvihduthdyauh

¥
@ 1 =y o ¢ o 1 = o
anmz: dandauddumivhnhavavdeeniuea 19 gungi 60 °c uaztarlunmsi

UnTe 120 uh

CSinadusalgnse % Fthyl Ester
(%wt. (HBVAUCPO) a1 |t | ededis | dunde
10 67.03 67.03 - 67.03
20 98.98 98.95 - 98.97
30 98.95 98.95 - 98.95
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H . st 3
m9197 n.23 wansinudasidanude luahinhdsdudeemusaianiog: dusalfisen
35%KOH/Activated carbon 1537181 30 wt.% 1MBUNUCPO Ngmngil 60 °C waztaarlunisd

Ugnsen 120 i

dasanuFelua % Ethyl Ester
(CPO/Ethanot) afeit 1 | afefi2 | afufs | Auede
1:6 67.03 - - 67.03
1:9 71.94 70.3 - 71.12
1:12 67.03 69.19 - 68.11

T
ey ey 4

135199 a.24 panirsanwrgaigii lunisiil§ATerfianioe: dudsdfaso

&

¥
35%KOH/Activated carbon 5311 30 wt.% MU UCPO das1a1ud Tuainiuihdudude

somuoa 1:9 ungra1 lunisinulfaser 120 nf

a % Ethyl Ester
RN (°C) £ 7 d T d 4
399 AN 2 999 3 AR
60 71.94 703 - 71.12
70 71.94 71.94 - 71.94
75 70.3 71.94 - 71.12
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i L ] LY 4 w @ T Sy S W
M9l a.25 samsneds WFRTouvueniuffsusudasal§atouuniisiug luns
Alfnsennaniig: duselfATen 35%KOH/Activated carbon 131188 30 wt.% 1HguduCPO

o
o | = a e £ o 1 a P ]
sadaa luaiiuihdvdudelonivea 1:9 sazna lunshid§iser 120 und

% Ethyl Ester
anslfnaen 7 v 7 —
ATIN 1 334N 2 ATIN 3 AURD

35%KOH/Activated Carbon 68.07 68.07 - 68.07
(10 wt.% MeufuCPO)
35%KOH/Activated Carbon 69.19 70.3 - 69.19
(20 wt.% NEURUCPO)
35%KOH/Activated Carbon 71.94 70.3 - 71.12
(30 wit.% ALURICPO)
KOH2 wt.%LﬁﬂUﬁUCPO 98.13 08.13 - 98.13

§ = ow 1 = ae A o T =y :’ o L o ]
15199 A, 26 namsansiadusalfasnneane: dasrdnuFluathiuihdndvde

@muea 1:9 uazarlunmsinlgnen 120 nh YSmnadusulfnser 30 wis Meutucpo

o 1 aaa % Etlyl Ester
ausalgnie 3 v 73 —
A3 1 13940 2 ATIN 3 ANRDY
35%KOH/Activated carbon 71.94 70.3 - 71.12
35%KOH/Amberlyst 15 71.94 71.94 - 71.94
25%KOH/ALQ, 98.95 98.95 - 98.95




Y =) 4
3. VYA ANIISH XRD

3.1 ausslnsen KoH

100

1E00 -

b

KOH

|

1] |
i .
] .

40 £
Fosition (2Theta)

T
&0

| !J.Ill flli%'il.lc A

I R N 4 |

i E [ g Ei 1 E .Hfltlun\! 1

KOH

2l [ I N I R A

32 ﬁ’qs's'aﬂﬁﬁ§ﬂ1 KOH/Activated carbon

400 —
, . !
102 — P! ;
l H
| I |
L
0~y
Y )

Position (2Theta)

KOH/Activated carbon

HIH;LH?M[ L]

Peak Liss

| i i

[ |
W

KHCO, Potassium Hydrogen Carbenatg
1 i




101

3.3 s el fi3e1 KOH/Amberlyst 15
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Biodiesel Production from Ethanol by Sulfuric Acid Supported on
Alumina

A. Seemuang' S. Ratanawilai'" and P. Meyer!

Department of Chemical Engineering, Faculty of Engineering, Prince of Songkla University, Songkhla, 90112,
Thailand

*E-mail: sukritthira. b@psu.ac.th, Tek +66-74-287305

Abstract: In the present time, The country is
interested in renewable energy. One of chaices is
biodiesel that important te use worldwide for
industrial and transpertation. So it is necessary to
study in this case, The production of fatty acid ethyl
ester (FAEE), or biodiesel, from crude palm oil
{CPO) having high free fatty acids (FFA) has been
studied with a heterogeneous reaction in this work.
Expected benefits of using the heterogencous eatalyst
are a reduction in waste from the biodiesel
production process and the ability to recycle the
solid catalyst. In this study, sulfuric acid, supported
on alumina, was used when 42% by wt of the acid
was loaded, and called H,SO/A1,0;. Moreover, the
reaction conditions were varied to study the effects
of catalyst amount (20%, 25%, 30%, 35% and 40%
by wt of CPO), molar ratio of oil to atcohol (1:6,
1:10, 1:15, 1:20 and 1:30), temperature (60°C, 70°C
and 80°C) and reaction time (30 min, 60 min, 90
min, 120 min and 150 min) on reaction conversion.
The resnlts showed that the opfimum conditions
were a catalyst mmount of 30% Dby wt of CPO, a
CPO to ethanol molar ratio of 1:20 (mole:mole), a
reaction temperature of 80 °C for an hour of
reaction time. These conditions resulted in a
conversion of 84.63 %. The amount of FFA was
reduced from 5.3 wt% to less than 1 wt% at the end
of esterification process.

Introduction

As supply of fossil fuels is limited whilst
energy demand continues to rise, research is
increasingly  directed  towards  alternative
renewable fuels. Biodiesel, as an alternative
diesel fuel, is a promising non-toxic and
biodegradable renewable fuel comprised of
mono-alkyl esters of long chain fatty acids,
which are derived from vegetable oils or animal
fats [17.

The high cost of biodiesel is mainly due to
the cost of virgin vegetable oil. Therefore, it is
not surprising that the biodiesel produced from
vegetable oil costs much more than petrolenm-
based diesel [2,3]. Therefore, it is necessary to
explore ways fo reduce production costs of
biodiesel, In this sense, methods that permit to

minimize the costs of the raw material are of
special interest. With low cost lipid feedstocks
containing high amount of free fatty acids (FFA),
biodiesel production by transesterification with
alcohol using base catalyst is not appropriated. A
two step process is then proposed [4-6). The first
step of the process is to reduce FFA content in
waste cooking oil by esterification with methanol
and acid catalyst. The second step is
transesterification process, in which triglyceride
{TG) portion of the oil reacts with methanol and
base catalyst to from ester and glycerol [7].

Biodiesel is usually prepared in the presence
of homogeneous base or acid catalysts. However,
in this conventional homogeneous method
removal of these catalysts after reaction is
technically difficult and a large amount of
wastewater was produced to separate and clean
the catalyst and the products. Therefore,
conventional homogeneous catalysts are expected
to be replaced in the near future by
environmentally friendly heterogeneous catalysts.
The replacement of homogeneous catalysts be
heterogeneous catalysts would have various
advaniages [8]. For example, a clean reaction
product solution can be obtained after simple
filtration, the catalyst is easy to be recovered and
reused and avoidance of corrosion [9].

In this work, the direct esterification reaction
of the free fatty acids present in acid oil with
ethanol has been studied. Ethanol has been used
as alcohol due to its less toxicity for humans and
because it is safety to handle and it can be obtain
from a natural source [10]. The acid catalyst is
alumina loaded with sulfuric acid. Crude palm oil
(CPO) contains mainly free fatty acids and
consists of 5.3 wt.% FFA was used as feedstock
for production of biodiesel.

Materials and Methods

Materials

PACCON2009 (Pure and Applied Chemistry International Conference




Crude palm oil (CPO) was obtained from
Chumporn Palm Oil Industry puplic company
Limited. Its consist of 5.3 wi% FFA. All
chemicals including 99.95% ethanol (C,H;0OH),
98% sulfuric acid (H>S0;), AR. alumina (AL O;)
used as support had a surface area 0.28 m%/g.

Methods

The alumina used as a support had a surface
area of 0.28 m%g. The amount of H,S04 was
varied between 10% and 50% by weight. H,S0,
was loaded onto alumina by an impregnation
method from aqueous solution followed by
drying in oven at 70°C for 24 h. Then, the sample
were then placed inside sealed containers in a
desiccator.

Esterification reaction were in a three-necked
batch reactor (total volume 500 ml) equipped
with a reflux condenser to avoid alcohol
vaporization. The three-necked reactor was
immersed in a constant temperature oil bath
equipped with a temperature controller. A plate
type magnetic stirrer was used {o control the rate
of the reaction mixture [11].

The esterification process was carried out in
500 ml three-necked bottle. CPO was firstly
poured in to the bottle following by catalyst and
ethanol, The bottle was immersed in oil bath at
designed temperature and time. Operating
parameters for esterification process including
reaction temperatures in the range of 60-80°C,
molar ratios of ethanol to CPO in the range of
30:1-6:1, loading amount of H;SQy supported on
alumina in the range 10-50 wi.%, quantity of
H,504/A1L,0; in the range of 20-40 wt.% and
reaction time in the range of 30-150 min were
investigated.

Results and Discussion

Effects of the amount of H,50, supporied on
AlLO;

In order to study the effect of H,S0, loading
amount of the catalysts on their catalytic
activites, a series of H,S04/ALQO; samples with
the loading amount of H,SO, ranging from 10 to
50 wt.%, were prepared and employed to catalyze
the esterification reaction, The results are
presented in Fig.1. As seen from this figure, as
the {oading amount of IL,SO4 was raised from 10
to 42 wt.%, the conversion was increased and the
highest conversion of 63.31% was obtained at
loading H,SO4 of 42 wt.% on ALO;.
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Figure 1. Influence of loading amount of H;SO4
on the conversion. Reaction conditions:
ethanol/oil molar ratio 20:1, catalyst amount 20
wi.%, temperature 60°C, reaction time 1h.

Effects of the amount of catalyst

The effect of the amount of most active
42%H,80,/AL,O5 catalyst on the conversion was
investigated. The catalyst amount was varied in
the range of 10-40 wt.%. As shown in Fig.2, the
conversion was increased firstly with the increase
of catalyst amount from 20 to 30%. An
appropriate amount of catalyst was 30 wi.% as it
gave optimal conversion of FFA. However, when
the amount of catalyst exceeded 35 wt.%, the rate
of reaction increased very lightly,
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Figure 2. Influence of catalyst amount on the
conversion. Reaction conditions: ethanol/oil
molar ratio 20:1, temperature 60°C, reaction time
1h.

Effects of mole ratio of reactants

An excess of ethanol is necessary for the
esterification of FFA with ethanol because it can
increase the rate of ethanolysis, in Fig.3, shows
the effect of the mole ratio of ethanol to oil on
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conversion, When the ethanol amount was
increased, the conversion 1was increased
considerably. The optimal conversion was

achieved at the molar ratic of 20:1. Further
increase of molar ratio did not significantly
increase the conversion of FFA.
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In Fig.5, the conversion verus reaction time
is presented. It can be seen that the conversion
was increase in the reaction time range between
30 and 60 min. After that the conversion rate was
slower and finally reached steady state.
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Figure 3. Influence of ethanol/oil molar ratio on
the conversion. Reaction conditions: catalyst
amount 30 wt.%, temperature 60 °C, reaction
time 1h.

Effect of the temperatire

The effect of temperature on conversion
under otherwise similar conditions was studied in
the range of 60-80°C, Fig4, it was seen that the
conversion of FFA increases with temperature,
The optimal temperature had been observed at
80°C. At this temperature, the highest conversion
of CPO reached 84.63%

%conversion of FFA
kel
<

60 85 70 75 80
Temperature (°C)

Figure 4. Influence of temperature on the
conversion. Reaction conditions:  ethanol/oil
molar ratio 20:1, catalyst amount 30 wt.%,
reaction time 1h.

Effect of reaction fime

Figure 5. Influence of reaction on the conversion.
Reaction conditions: ethanol/oil molar ratio 20:1,
catalyst amount 30 wt.%, temperature 80°C

Optimal parameters of FFA conversion

The optimal parameters of sulfuric acid
loaded on alumina catalysis of CPO obtained by
range analysis are the following: alumina loaded
with 42 wt% of sulfuric acid at 30 %{wt/wt of
CPO) molar ratio of ethanol to CPO 20:i,
reaction temperature 80°C, reaction time 1 h. The
conversion of FFA was 84.63% when the
reaction was performed under these conditions.

Conclusions

In this study, we intended to examine
heterogeneous acid catalysts in order to develop
an effective catalyst for biodiesel process.
Alumina loaded with sulfuric acid was
demonstrated to be a strong solid-acid catalyst for
esterification of crude palm oil with ethanol,
which was prepared by impregnation of
powdered alumina with an aqueous solution of
H,S0y. The catalyst with 42%I1,80, loading on
AlLO; was found to be the optimum catalyst.
When the reaction was carried out at reflux of
ethanol, with a molar ratio of ethanol to oil of
20:1 (mole:mole), temperature was 80°C, a
reaction time 1 h and a catalyst amount 30 wt.%
of CPO, the highest conversion of CPO reached

84.63%. and the amount of FFA was reduced from
5.3 wi% to less than I wt%. These results show the
possibility for these catalyst being effective
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heterogencous acid catalyst for the manufacture
of biodiesel.
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