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ABSTRACT

This research proposes a study of transesterification of palm oil and methanol.
The reaction was catalysed by 0.1%wt sodium hydroxide in a continuous tubular
reactor. Static mixer was installed inside the reactor for enhancing the mixing as well as
improving the reaction rate. Reaction conditions were temperature at 90, 110 and
130°C, pressure at 8 bar, and the methanol to oil molar ratios at 6:1 and 4.5:1. It was
found that two values of the residence time, which could provide fow-viscosity methyl
ester products, were 15 and 42 minutes. The short residence time, 15 minutes, led to
good mixing inside the reactor. Meanwhile, the longer residence time, 42 minutes,
provided a sufficient long reaction time without the good mixing. Raising temperature
and methanol to oil molar ratio enhanced reaction rate. The presence of catalyst was
significant to this reaction.

Two reaction conditions, which could provided the product viscosity that met
ASTM-D-975, were the residence time at 15 minutes, the methanol to oil molar ratio at
6:1, and the reaction temperatures at 110 and 130°C. The product viscosity and methyl
ester yield of these two reaction conditions were 3.1 cSt and 95 and 98%wt,

respectively.
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GH,(CH,)(CH,-CH,CH=CHCH,CH,(CH,),C-0-CH,R
O
CHS(CH2)5CH2-CHZCH=CHCHz-CHZ(CHz)SCl‘,'-OH
0]

CHy(CH,).CH,» 1 CH,=CHCH=CH,!  *CH,(CH,);C-OH

Diels-Alder H ?
CH,(CH,),CH,* + CH,=CH, CH,(CH,),C-OH

H -Co,

-HZ
CH,(CH,),CH, @ / CH,(CH,),CH,
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NN (Blend) i":mqn‘a’lﬁlﬁmﬂmuqtﬁalﬂulﬂ‘%mﬂuﬁﬁmauuu Direct
Injection lusrazena Lﬁmmnt‘ﬁmmsfqmﬁuﬁﬁoimfjwquuwmn Coke uarATLIMTlED
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4. nrmudieawmasiiady  (Transesterification) %8 unanazedlada
(Alcoholysis) A nMaRsdurasueanegedaInieamasiuteanasadansaniialy
nrzuaumIiadaiuionlalaslada Sodueanened wiftazifhuin Inedfinsaitasig
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framsudiadmeiiiaduiuandluaunii 2.1

Catalyst
RCOOR® + R'OH =<=——= RCOOR" + ROH (2.1)

Ester Alcohol Ester Alcohol

flaldumauaaluannisdreiu Ujitareslamawalsdiummivands

uamaluaunisi 2.2

T H
I
H— ('IJ —OOR Catalyst H— ? —OH ROOCH,

H_'Cl_OOR' + 3 CH,OH == H— lC‘—‘OH + R'OOCH, (2.2)

H_(f — OOR" H— (l)—OH R"OOCH,
H H
Triglyceride Methanol Glycerine FAMEs

1 » 1
Fatty Acid Methyl Esters (FAMEs) T4fiAia uniiusigadaniw (Biodiesel) 9
[ : '3 al' g o | 4' -4 ‘0’ AR - - % 3 Vl
qu'hiuwuwmuum'm m?’ma:tﬂﬂmmuwummammw%uﬁm’lummm 1

tnenalnmafinfiFamsudeameifinduliuandlugla 2.2 uaz 2.3
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P P

R—C—OR + H =——> R—C=0R{® + ROH

e———
{Ester A) (Acid catalyzed) (Aicohol B)
OH OH OH
| | + |
R—C @ R— C— OR =——= R— C—OR

H
bR" bR" HbR"
\ +
+ \ o
R'OH R—C—OR" + H
(Alcohol A) (Ester B)
g1l 2.2 na‘lnn’mﬁmﬂﬁﬁ“m'mﬂudmamﬂ?ﬂtmfu Inefinsalusiaialfjiizen

P i

R—C—OR + OR =———> R— C—OR

(Ester A) (Alkoxide B) OR’

I !

Ry~ CiA ORE, A4 OR’
(Ester B) (Alkoxide A)

A -~ - Ly -3 .I’ o 1 it
g1t 23 nalnnafinffemmudieameiindy Tnefwaiudadajise

o

- e :: ‘l > o 3
aumlfiFefulgaiduaadluannisi 2.3 2.4 uaz 2.5 mudniudail

Catalyst

TG + ROH =———= DG + RCOOR (2.3)
Catalyst

DG + ROH =——= MG + R'COOR (2.4)
Catalyst

MG + ROH =———=  Glycerine + R"COOR (2.5)
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duusnlnmawalsd (76) wWasuihilandwelsd (DG) Tusanlanfumalsd
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1 4 1 4
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2.3 1NURLERTININ [2,8]
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inudgatonwifisnudnduedmesniimdaRanrarensalniuldainain
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Srfuitualeudes Wiludemadniusiesuima i iaaie W nanfuniufiaa
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Tudnmdausne ietiuTinn TaeinldudainiuRmadaninase naalniuniiaedmes
Flanifiiammusieameiiiaduseslnsnfslsdluiniufisfusmiues Tned
AauRvanImilauaiuies unfuAEaan milpusniBiuansiuniuatinzewiniu

H - 4
Alt sauanalumnsnan 2.5

d vy ’D’ L g L - )
m191aW 2.5 AuaiRrsaniuRiaionmaminiutiiasineg [7]

- P Finu A1 A1 N
Linislednasg aanila . N N awIan qnuin \ gt ]
P e guuas | ANNTaU wunY
paRNURY %
mm’/sec MJ/Liter °C °C gL %wt
Peanut 4.9 (37.8°C) 54 33.6 5 176 0.883
Soybean 4.5 (37.8°C) 45 335 1 178 0.885
Babassu 3.6 (37.8°C). 63 31.8 4 127 0.879
Palm 5.7 (37°8°C) 62 335 13 164 0.88
Sunflower 4.6 (37.8°C) 49 335 1 183 0.86
Tallow - 12 96
Rapeseed 4.2 (40°C) 51-50.7 3238 0.882
Used rapeseed 9.48 (30°C) 53 36.7 192 0.895 0.002
Used com oil 6.23 (30°C) 63.9 42.3 166 0.884 0.0013
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2.3.1 aAgFIUrANNNURIERTIAN
-l. g . :'/ - 27 ’D’ o of o - Jd o
asamitTuigadanmiunanldsninduiisuarlniuvaa s iadliguands
e =y A v v P e oA - v ¥ oo oo - - v °
Ay ieRuardaseaunnieiudiafsuiuiniuagasniiinnaau aaiunimivuna
‘.” A g o~ L :
aun g neiiie hintdesianmilaunmidunary ety 3. ASTM
1 3
(American Society of Testing & Materials) 19finvuaNIRzgIL D 6751 gruFurdumiea
1 ] »
Fanw Fauanslumrmad 2.6 uazlutlrzinanieg Afaqiuiinasudnualuniunia

H L3
Fanwimuauiasg ity Fusadlumisei 2.7 uansaaniiluusiasrzmaenalingaulu

- %’ LY. ] o [ =
mmammuumﬁmiomwumnm’mnu MuandlunaTnm 2.8

15N 2.6 NmTgIiTuAIEaTanIw ASTM D 6751 [9]

AuATR (nMunlng) Property S Aanun wiizn
) Method
amuinl Flash Point D 93 "aiRndn 130 °c
vnuazAzneu Water & Sediment D2709 | laigendn0.050 | %Volume
AT Kinematic Viscosity (40 °C) D 445 1.9-6.0 mm’/sec
) Sulfated Ash D 874 Biganin0.020 | %mass
i Sulphur D 5453 laigandn 0.05 %mass
nrimniauneIuny Copper Strip Corrosion D 130 higendn No.3
CRARBILES Cetane D 613 faiginndn 47
ANNEN Cloud Paint D 2500 7N °C
nnanu 100% a1s@aetine | Carbon Residue (100% Sample) D 4530* Tigandn 0.050 %mass
anuiunsn Acid Number D 664 higandn 0.80 9
KOH/gm
nfigetuBae Free Glycerine D6584 | Ligandn0.020 | %mass
NRETUIIINA Total Glycerine D6584 | higendn0.240 { %mass
Uhnnureavleia Phosphorous Content D 4951 Tigandn 0.001 %mass
qoaMgiiMINeY 90%vol. | Distillation Temperature D1160 | ‘laigamin 360 °C
(90% Recovered)
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al v o LR ’
ae1e 2.7 dariuuminasguainiudmaaniwluwdalszng (9]

Specifications Units Australia France Germany ltaly Sweden USA Draft EU

Standard/Specification ONC1191 - DINE51606 | UNI10635 | SS155436 | ASTM EN14214
D6751

Introduction Date Jiy1997 Spt1997 Spt1997 Apr1997 Nov1986 2001 2001
Density @ 15°C glem’ 0.85-089 | 0.87-89 | 0.875-0.90 0.86-0.90 | 0.87-0.90 - 0.86-0.90
Viscosity @ 40°C mm’ls 3.5-5.0 3.5-5.0 3.5-5.0 3.5-6.0 3.5-5.0 1.9-6.0 3.55.0
Flash Point °C =100 =100 2110 2100 2100 2130 >130
CFPP °C 0/-15 - 0-10/-20 - -5 - 0/-15
Pour Point °C - -10 - 0/-15 - - -
Sulphur %max 0.02 0.02 0.01 0.01 0.01 0.05 0.01
CCR 100% max. 0.05 - 0.05 - - 0.05 -
10% disti.residue %max - 0.3 - 0.5 - - 0.3
Sulphated Ash max. %max 0.02 - 0.03 - - 0.02 0.01
(Oxide).Ash, max. %mass - - - 0.01 0.01 - -
Water max. mglkg - 200 300 700 300 <0.05 500
Total Contaminants mg/kg - X 20 - 20 - -
Cu Corrosion 3h/50°C - - 1 - - No.3 1
Cetane No. 249 =49 249 - >48 >47 >47
Neutral No. <0.8 <05 <05 <05 <0.6 <0.8 <0.02
Methanot %mass <0.20 <0.01 <03 <0.02 <0.02 - <0.02
Ester Contertt %mass - 296.5 - =298 298 - 296.5
Monoglyceride %mass - <0.8 <0.8 <08 <0.8 - <08
Diglyceride %Mmass - <0.2 <04 <0.2 - <041 - <0.20
Trigyceride %mass - <0.2 <04 <0.1 <0.1 - <0.03
Free Glycerol %mass <0.02 <0.02 <0.02 <0.05 <0.02 <0.02 0.25
Total Glycerol %mass 0.24 0.25 0.25 - - 0.24 <115
lodine No. <120 <115 <115 - <125 - -
C18:3 & higher acids <15 - - - - - 10
Phosphorous ppm <20 <10 <10 <10 <10 <10 10
Alkaline Matter {Na, k) - <5 <5 <10 <10 - <360
Distiltation 95% ‘C - <360 - - - <360 :
I1BP min. °C - - - - - *
Bound Glycerin - - - - - Max 0.8
Oxidation Stability Hrs. - - - - - 6 min.
Sediment - - - - - <0.05
Cloud Point - roo- - - * -

waIEg * LifmuasiReusiieeandn, CFPP Aa Cold Filter Plugging Point
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3. gruunfin1mna (Distilation Temperature) [10] UniuAisadanwilu th
-t - ;IJ -l' s :’: [P - | < - [ %’ .
wnfigoungiinaanduit 10%vol. Aaniu azuasdrdiluaaneaeiuaamaaagluiniu
4. ANGNRUNIE (Specific Gravity) [10] wrdumiradaniwanningiu
wanaafianiiseau i e ludes 0.86 11 0.90
5. AnAaatau (Heat of Combustion) [10] HrfuRitadanimiuiidtnanu
fausianiioniaminnin waslfunnseansmiiviiralinsfendszann 10 wlafifud
v © ¥ oo a - Y e d - ¢ B e
saininfuRigaianmasiirondunlaesdambannndminiuas
6. 9AuaN (Cloud Point) [10] qauuantaainiudiradaniwiildaninuiy
» 1 4 v U
unssfimiuiiAuanfnaiy u dniufigsTanmaininiudandasfiqauuanagluto -2
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d av? o oo - - 2 - ol ¥ oo o e, ala
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pndraslilluniaiudias
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8. A umiln (Viscosity) [10] Moastrnitiudigasininiuioiviasdl
1 H 1 *
Anadvati 4.08 uRalnza Selndfudietmumnnzgiu ASTM D 975 raninfufian Ae
¥ 1 t
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3.5 NSIATINANUNN

3.5.1 NISUIAIANNUA
6 5 o a - —al ve - 3 o P -
dnintuigaionnilgdnmunila  Iagldipresdnarnuvilauuuiataiuas
: 0 . o = -
(Saybolt) 184 Koehler u k21590 Taginnsduaanlumsluaiiquunii 40°s lHdhiduni
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e 32 >t> 100 viscosity (cSt) = 100 x [0.00226t — (1.95/1)] (3.1)
e t> 100 viscosity (cSt) = 100 x [0.00220t - (1.35M)] (3.2)

Taeh t A an dwdadudunisiuas

352 maIRTvsIsaasAsasuialasualans v [23]
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- ad
Injection mniinld 350 avAnaades
~ 841 1)
Tsunsugoungi gruupigauFusui 100 asrngaidaa uaan 1wk

gnringnmnil 15 avAngaidaasiauni dguuigain
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Split Ratio 50 D 1

ANNNALERUNAL 7.5 ilanfuAan T 9EuRAT (Back Pressure)
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3.5.2.1 NISATENRITNINTFIY
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38 80.4 5.1 59 8.6
42 94.3 1.5 1.3 2.9
7 39.4 2.1 8.9 49.6
11 48.3 7.2 14.6 29.9
15 85.2 2.1 3.3 9.4
90 23 27.9 3.9 20.5 47.8
30 48.5 3.7 15.9 31.9
38 70.9 2.2 5.5 21.3
42 86.0 1.4 2.1 10.5
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AN A.2.2 ﬂ‘i‘uﬂmnamnmmwﬂmﬂdoufmfuammuﬂammuuﬂ’nau 4.51

Tadealansanlas 0.1% Neaumpi 90 110 uax 130°1 Wefidonanlinag

iUl
auuni himudingd BIO MG 0G TG
(2IALTALVTEA) (un#) %wit %bwt %wt %owt
7 67.6 2.8 7.9 217
11 70.3 29 7.2 19.6
15 92.3 1.2 1.5 4.9
130 23 425 2.6 10.9 44.0
30 60.4 6.9 29.4 3.4
38 88.2 5.8 3.7 2.4
42 96.2 2.9 0.7 0.2
7 46.3 1.7 15.6 36.4
11 65.7 46 10.1 19.6
15 86.1 2.6 2.9 8.4
110 23 38.0 2.2 11.2 48.5
30 475 6.1 16.0 304
38 74.4 3.4 8.6 13.5
42 84.1 0.8 2.2 12.9
7 40.1 2.4 10.6 46.9
11 442 8.3 16.9 30.7
15 81.2 2.4 3.5 12.9
90 23 17.2 1.3 8.8 727
30 51.8 3.8 14.2 30.2
38 69.9 5.1 8.9 16.1
42 76.4 4.2 5.4 14.0
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ae R A.2.3 Uhnumdafusmauunit 130°1 Sandoulas iuavmiusareiniuhdy

6:1 lmpaylansenlas 0.1% Helififdrananl¥nnsndeun

e Bautind BIO MG DG TG
(un¥) %wt %wt %wt %wt

7 41.9 2.9 9.6 457

11 64.9 6.2 9.7 19.2

15 85.4 5.2 3.6 5.8

23 17.9 1.9 15.8 64.4

30 423 3.7 10.1 43.9

38 78.7 3.3 4.3 13.7

42 82.2 5.1 5.6 6.9

«l - [ 4 f-‘ -~ - 1 ‘o’ (4 [
g0 A.2.4 UHnundaiuemguugil 130°s fhndaulnaluamumuassiatiniabay

§ o ¥ J i ) [ L ] - anon
6:1 iaiimnan1¥nisiafounus lifidaalfiFen

IsTaudingd BIO MG DG TG
() %wt %wt %wt %wt

15 7.8 3.8 19.4 69.0

23 5.9 0.3 17.2 76.5

42 8.6 1.1 7.9 82.5
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Antoine Equation
logp* =B - A
C+T

p* = aonsuladiuiaduaslsen
AB,C = mashdimiuaizusiazso
T = anmpiiluasinitadeg
AMFLUNULA A = 1473.11
= 7.87863
C = 230
T = 130°C

log p* = 3.78666

*

p 6118.71 mm Hg

= 6118.71 mm Hg l 0.9869 bar

l 760 mm Hg
= 7.95 bar

< o 2 al ar e
# JamMuua IiseuuiANAY 8 U3
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