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Kanin Aiemjit 2008: Transesterification of Jatropha Qil to Biodiesel using
Heterogeneous Catalysts. Master of Engineering (Chemical Engineering), Major Field:
Chemical Engineering, Department of Chemical Engineering. Thesis Advisor:

Assistant Professor Kandis Sudsakorn, Ph.D. 113 pages.

Biodiesel production via transesterification reaction generally utilizes homogeneous
base catalysts. However, such process results in both environmental and separation problems.
This thesis develops transesterification using heterogeneous solid catalyst in order to solve the
problems by which the catalyst can be filtered out from the products. Suitable solid catalyst and
reaction condition were investigated for the biodiesel production from Jatropha oil and
methanol. Three heterogeneous catalysts were studied and compared their performances
including calcium oxide (CaQ), potassium hydroxide on calcium oxide (K,CO,/Ca0) and
magnesium-aluminium hydrotalcite (Mg-Al hydrotalcite). It was found that the K,CO,/CaO
gave maximum biodiesel yield of 95.6% at 63°C, 2 h, 15:1 methanol-to-oil molar ratio, 7 wt%
catalyst amount, and 20 wt% of THF (the most proper co-solvent). Speeds of stirring between
300 — 700 rpm were studied and found to give similar methyl ester yield. The CaO and Mg-Al
hydrotalcite could yield biodiesel production of 70.6 and 76.1, respectively. Analysis on the
properties of the synthesized biodiesel was found to comply well with the standards set by the
department of energy business except the acid value of 1.77 mgKOH/g which was over the
standard value of 0.5 mgKOH/g. This problem, however, could be solved by removing free
fatty acids in the original crude Jatropha oil via esterification with sulfuric acid (H,SO,) before

the biodiesel production step.
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Y-ALO, = gamma alumina

Al = aluminium

ASTM = The American Society for Testing and Materials
BS5 =5 wt% of biodiesel blended with conventional diesel
B20 = 20 wt% of biodiesel blended with conventional diesel
B100 = 100% biodiesel

Ba(OH), = barium hydroxide

BET = Brunuer-Emmett-Teller

°c = degree celsius

cSt. = centistokes

CaO = calcium oxide

CaCoO, = calcium carbonate

Ca(OH), = calcium hydroxide

D = density

DTA = differential thermal analysis

FAME = fatty acid methyl ester

GC = gas chromatography

g/l = gram per liter

g/ml = gram per milliliter

h = hour

H,0 = water

H,SO, = sulfuric acid

HCI = hydrochloric acid

KOH = potassium hydroxide

K,CO,/CaO = potassium carbonate loaded on calcium oxide
MeOH = methanol

Mo = molibdinum

Mg = magnesium
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N, = nitrogen gas

NaOH = sodium hydroxide
rpm = revolution per minute
SO, = sulfur dioxide

SO, = sulfur trioxide

S = second

TAN = total acid number
TGA = thermogravimetric analysis
THF = tetrahydrofuran

wt % = percentage by weight
Xe = Xenon

XRD = X-Ray Diffraction
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using Heterogeneous Catalysts
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Fuel property Diesel Biodiesel
Fuel standard ASTMD975 ASTM D6751
Lower heating value, Btu/gal ~129,050 ~118,170
Kinematic viscosity, (40 °C) 1.3t04.1 4.0 to 6.0
Specific gravity kg/l, (60 °F) 0.85 0.88
Density, Ib/gal (15 °C) 7.079 7.328
Water and sediment, vol% 0.05 max 0.05 max
Carbon, wt% 87 77
Hydrogen, wt% 13 12
Sulfur, wt% 0.05 max 0.0 to 0.0024
Boiling point, °C 180 to 340 315 to 350
Flash point, °C 60 to 80 100 to 170
Cloud point, °C -18to 5 -3to 12
Pour point, °C -35to-15 -15to 10
Cetane number 40 to 55 48 to 65
Lubricity SLBOCLE, grams 2,000 to 5,000 >7,000

nn: Tyson (2004)
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2. MsnnlRnTemNudeamessNiAgY (Transesterification reaction)
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2.1 ANUYUA (Viscosity)
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3 Y o a [
mzmﬁ 2 i?ﬂﬁ%!ﬁEJWU’E'Jﬂﬂ’iuﬂﬂNﬂﬂ‘lﬂ’IWsU@\‘lhlﬂIE]aI,G]fﬁG]13JM195§1uﬂlﬁlﬁﬂiﬂ‘ﬁ.iﬂﬂwaﬁ\ﬂu

Parameters Standard value Method
Methyl ester (Yowt) Min 96.5 EN 14103
Density at 15 °C (kg/m’) 860-900 ASTM D 1298
Viscocity at 40 °C (cSt) 3.5-5.0 ASTM D 445
Flash point (°C) Min 120 ASTM D 93
Sulphur (%owt) Max 0.0010 ASTM D 2622
Carbon residue, on 10% distillation residue (Y%owt) Max 0.30 ASTM D 4530
Cetane number (-) Min 51 ASTM D 613
Sulfated Ash (%wt) Max 0.020 ASTM D 874
Water (Yowt) Max 0.050 ASTM D 2709
Total contaminate (%wt) Max 0.024 ASTM D 5452
Copper strip corrosion (-) Max No.1 ASTM D 130
Oxidation stability at 110 °C (h) Min 6 EN 14112
Acid value (mgKOH/g) Max 0.50 ASTM D 664
Iodine value (g Iodine/100g) Max 120 EN 14111
Linoleic acid methyl ester (Y%owt) Max 12.0 EN 14103
Methanol (%wt) Max 0.20 EN 14110
Monoglyceride (%owt) Max 0.80 EN 14105
Diglyceride (%owt) Max 0.20 EN 14105
Triglyceride (Y%wt) Max 0.20 EN 14105
Free glycerin (%wt) Max 0.020 EN 14105
Total glycerin (%owt) Max 0.25 EN 14105
Alkaline metals (mg/kg) Max 5.0 EN 14108 & EN14109
Alkaline earth metals (mg/kg) Max 5.0 prEN 14538
Phosphorus (%wt) Max 0.0010 ASTM D 4951

Additive

As approved by Director General.

NI NINFININAINY (2548)
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2.2 ANNDNIUNE (Specific gravity)

Y v
NUDI ANURUILUUYBUFINAIADI Taelaandasidiu viranolSuing
Y Y 1 Y 9 Y Y

Yo uFpInasnoNIavelsuianihidiai ssiuduguuglveouihmazibemds A1
' o = <Ol Y A v v g/ G A Y a
a9sumzved luTedrandsia lndimesnunuuasg e siniudma e ldinaniswaw
i1 180 19A FIMINAIANLE 1T U TANVUANANTUNINTEWINET 2 FHANNTUNY DL
o Y a 9 A [ Y a2 o Y wAa 1 3’ v A a dy =
ildinamsuoudunionaunuld 1 i ldqueautiaae vouiniuiinauraiiou waglill

AUAIAN

2.3 i]ﬂ’ﬂ"ullw (Flash point)

Wu1e quugind1ngan lovesasaa lvuazgn lndielinlarlvoogn

a 9 Y ' Yy ! £ = o w 9
Amihvesas dueuadleenarses lugnlnddnae lgeeslinnudidyludiums

v @ v A W S o 1 (= 1 vAa 9 a A
flosiuduasenndnfselumsinusnuua lulinaaeauiansw nduazilszdnsnmves

A 4 a g a =) = 1 :I A=

n3098ua TasnaudrgangiiganylvveslyTedaszlmgeniniuiudiaa (Tyson, 2004)
1 [l < =) = A o 1 ay ¥ a [ I A 4
uaedlsnmu luTedmasniiganuldidindnd ldmnluwdasuaiilsSinaueanseea
a A A A 1 & Y o w A g ya o
NNNTZUIUMIHARaU AT oI NRgFINITARIR1Taoe e 1Hligau g asass

Y
“lum'imumﬁmwm

2.4 YUIINTOYANNON (Cloud point)

a

= A A v g , = 4
HUYON Qmﬂ{]N‘VILﬁJ‘]Ji"lﬂgi?iWiuﬂquﬁllf‘]ﬂﬁnﬂﬂﬁﬁﬂﬂﬁﬂﬂ]@ﬁuﬁ]ﬂ“ﬁ (WaX) 11&

Y Y 9
o w A Y a o o

a ) < a ° '
iduremaslaemsildguuglisuainieldmsniuguauvgll miminiulyeyuiinie
a o Y a = Y = O ' 1 ' o Y
ﬂﬂﬂllﬂﬂq%ﬂullﬂ ’I]STI”IGLWLﬂﬂﬂ"Iﬁ@'IﬂWaﬂ“lﬂQ']EJ JUINYNDAIDYATNYAA N VDIND Vl?gl‘ﬂﬂ'lﬁ
= 1 3’ o Y I 9 Y A 4 a oA [ ' M
ﬂﬂwuu"lﬂujﬁ!,ﬂuP\li’)ﬂnlﬂfﬂﬂ(luwaﬂlﬂﬁﬂﬂﬂu@ LlaSlﬂﬂﬂ"li!NTllﬂﬂJVlll?JﬁiJuimﬂuﬂﬁgﬂQ

nolvinaniunne lodeld



14

2.5 9@ lnam (Pour point)
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Mpyristic acid (C14:0) 0.18
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Type

Typical catalyst

Details of the catalyst

Single metal oxide

Alkaline earth oxide

MgO, Ca0, SrO, BaO

Rare earth oxide La,0,, YbO,
Transition melt oxide Zr0,
Mixed oxide Mg-Al mixed oxide MgO-ALO,
Mg-Ti mixed oxide MgO-TiO,
Zeolite Alkali ion-exchanged zeolite Cs-exchanged zeolite X, Y

Alkali metal or metal oxide occkuded

zeolite

Cs-occluded zeolite X, Y

Mesoporous material

Modified mesoporous material

MgO/SBA-15

Functionalized mesoporous

MCM-41 functionalized with

amino groups

Mesoporous silicon oxynitride

Supported catalyst Compound: Na, K, KF, KNO,, K,0 | KF/ALQ,, Na/NaOH/ALQO,,
Support: C, AL O,, SiO,, ZrO,, MgO | Na/MgO
Clay and modified clay Hydrotalcite, calcined and rehydrated | Mg-Al hydrotalcite
hydrotalcite
Chrysotile -
Sepiolite Magnesium silicate
Oxynitride Silicon oxynitride SiON
Aluminophosphate oxynitride AIPON
Zirconophosphate oxynitride ZrPON
Other Modified natural phosphate (NP) Calcined NaNO,/NP
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2.2 MIANAZNOUTIN (Co-precipitation)
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Chromatogram D:\Data\standard_mono_di_tri_21jun2006\NATT A\may'20-03-07\2.ged - Channel 1

Intensity
100000 CETEE S
1 ||EEe
4 15t
75000 g
i =
50000
: ‘:‘ 3 g e =
25000 g s | & i ’
1 2 I i€ 1¢ r
Bl N £33 3 3 EE
N Bl s ER oo 1i:
ity 1 S — e p—————
0 10 20
mm
Peak# | Ret. Time Area Heigh Cone. | Units | Mark Name
1 2.552 29195 11872 0.049[ % S | Methyl myristrate
2 2.749 2414 1069 | 0.004
3 2.852 7750 31441 0.013
4 2.927 3925 1158 | 0.007 v
5 3.285 | 7025751 | 2453275 11.883| % Methyl palitate
6 3.419 437973 150810 | 0.741 v
7 3.641 7124 2034 0.012 A AV Methyl palmitoleate
8 3.870 | 9681308 | 2719677 | 16.375| % V | I8TD
9 4.004 41866 8441 | 0.071 SV
10 4.402 2949 839 | 0.005 v
11 4.624 | 2763085 575679 5519 % Methyl stearate
12 4.928 | 21079089 | 3246196 | 35.653 | % V[ Cis-9-oleic methyl ester
13 5.143 29431 6700 | 0.050 v
14 5.409 | 17134444 | 2834085 | 28981 | % V| Methyl linoleate
15 5.625 42353 10421 | 0.072 v
16 5.838 6319 1624 | 0.011 v
17 5.906 1593 593 | 0.003 v
18 6.030 89445 25428 | 0.151 v
19 6.956 95562 19972 | 0.162
20 7.313 35822 6417 | 0.061| % V| Methyl arachidate
21 8.805 2070 366 | 0.004
22 11.298 13945 1755 | 0.024
23 11.621 1685 298 | 0.003
24 11.791 1214 1627 | 0.020f % V| Methyl behenoate
25 12.501 69.20 1008 | 0.012
26 12.697 8271 1129 0.014| % V| Methyl erocate
27 14.650 4190 4741 0.007
28 15.449 11857 7911 0.020
29 19.118 17955 1349 | 0.030
30 19.996 26821 1816 | 0.045| % Methyl lignocerate
Total 58623216 | 12090047
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mﬂ"’llﬂllua“llﬂﬁﬂ"li?tﬂﬂ%ﬂﬂ’)ﬂlﬂﬁ’EN’JLﬂﬁS?i‘ﬂ'IGD'llﬂWWVIGlG]ﬂi"l‘l/\lsll’ﬂﬁ Fatty acid methyl

ester AAAAI UM
Weight
52 mg
Std. Area

9681308
FAME Peak area
Methyl Myristrate 29195
Methyl Palmitate 7025751
Methyl Palmitoliate 7124
Methyl Stearate 2763085
Cis-9-Oleic Methyl Eater 21079089
Methyl Linoliate 17134444
Methyl Linoliate 35822
Methyl Arachidate 12104
Methyl Behenoate 8271
Methyl Erocate 26821
Methyl Lignocerate 20501

o a a J {
ﬂ?ﬂ@:@lifnﬁﬂ11.!'Zlil!ﬁTlJ‘iNWﬂ!LNWaL@ﬁLﬂ@ﬁIUﬁﬂJﬂWiﬁ 11

< O >
m oM
| I

m
|

3
I

C

_ (Z A)_AEI % C:E| xV

AEI

m

EL x100%

9,681,308 + 29,195 + 7,025,751 + 7,124 + 2,763,085 + 21,079,089

+ 17,134,444 + 35,822 + 12,104 + 8,271 + 26,821 + 20,501
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