41, |

411

(coconut  oil)
(kinematic ~ viscosity)
content) (lodine Value)

41
Properties
Density at 15°C (g/ml)
Kinematic Viscosity at40°c (  2)

Free Fatty Acid (mg KOFI/ g oil)
(as laulic acid)
Moisture Content (%)

lodine Value (g 12/100 g oil)

4.1.

412

(palm  kemel oil)

(density)
(free fatty acid) (moisture
41
Palm kernel oil Coconut oil
0.922 0.920
28.52 21.96
0.05 0.18
0.1 0.19
17.55 8.35



5083 51
3
(C 16:0)
3 (C 12:0)
5.76
67760 65922 |/
4.2
Fatty acid

Fatty acid composition (%)
¢ 6:0 Caproic acid

¢ 80 Capryric acid
C10:0 Capric acid

¢ 12.0 Laurie acid

¢ 14:0 Myristic acid

C16:0 Palmitic acid

¢ 18:0 Stearic acid
Saturated

¢ 181 Oleic acid

¢ 18:2 Linoleic acid
Unsaturated

Total fatty acid composition
Molecular weight

(C 12:0)

91.85
(C 12.0) (C 14:0)
8.15 (C 18:1)
93.80
(C 14:.0) (C8:0)
(C 181)
Composition
Palm kernel ol Coconut oll
0.24 0.50
5.14 9.95
4.82 7.90
59.83 51.00
14.92 16.46
5.38 6.09
152 190
91.85 93.80
6.87 4.94
1.28 0.82
8.15 5.76
100 100
677.60 659.22



413

4.3
2
1
1
43
. Hi-speed ~ Low-speed  Palm kernel  Coconut
Properties , : . :
diesel diesel ol ol
Kinematic Viscosity at 40°c (cSt) 3.60 590 28.52 27.96
Specific Gravity at 15.6/15.6 °c 0.845 0.868 0.926 0.925
Cetane Index 51.20 47.60 34.50 33.20
Flash Point (°C) 75 78 297 274
Heating Value (MJ/kg) 43.70 42.10 37.54 37.18
4.2
[Schuchardt 1993
1 2 (C03)
(OH) (NOj2) (AID 3
(Si02AI2 3 (MgO) (synthetic hydrotalcite: DHT-4A)

(activated carbon) 4.4



4.4
Methods

Evaporation to dryness

Metal salts

Carbonate

Hydroxide

55

Catalysts

2C 03AI20 3(2.6-550-2)
Na2C 03AI20 3(1.3-550-2
Na2C 0 JAI20 3(2.6-550-2
Na2C 0 JAI20 3(3.6-550-2
K2C 0 JAI20 3(0.65-550-2
K2C 0 JAI20 3(1.3-550-2)
K2C 0 JAI20 3(2.6-550-2)
K2COJAI203(3.6-550-2)
K2C 03AI20 3(25-550-2)
«2C03Si02-A120 3(2.6-550-2)
KjC03M 0(2.6-550-2)
K2C0JHTL(2.6-550-2)
K2C 0 Jactivated cabon(2.6-550-2)
M gCO0JAI 3(2.6-550-2)
CaCOJAI 3(2.6-550-2)
CaCo03
**CaC03(450-4)
BaCO0JAI2 3(2.6-550-2)
BaCOj
NaOH/AI2 3(1.3-550-2)
NaOH/AI20 3(2.6-550-2)
NaOH/AI20 3(3.6-550-2)
KOH/AI20 3(1.3-550-2)
KOH/AI2 3(2.6-550-2)
KOHI/AI20 3(3.6-550-2)
Mg(0H)2AI20 3(2.6-550-2)
Ca(OH)2
**Ca(OH)2(450-4)
Ca(0H)2AI20 3(2.6-550-2)
Ba(OH?2) JAI20 3(2.6-550-2)

)
)
)
)



44
Methods

Incipient wetness

Commercial

(A-B-C)

(D-E)

(mmol/g-support as metal)-"w

Catalysts
LiNOJAI20 3(2.6-450-4)
LiNOJAI2 3(2.6-550-4)
LiNOJAI2 3(2.6-650-4)
LiNOJAI2) 3(2.6-850-4)
NaN0JAI2 3(2.6-450-4)
NaN03JAI20 3(2.6-550-4)
NaN0JAI2 3(2.6-650-4)
NaN0JAI2 3(2.6-850-4)
Mg(N03)2AI20 3(2.6-450-4)
M g(N03)2AI20 3(2.6-550-4)
M g(N03)2AI20 3(2.6-650-4)
M g(N03)2AI20 3(2.6-850-4)
**Ca(N03)2(450-4)
Ca(NO3yA1203(2.6-450-4)
Ca(NO3yA120 3(2.6-550-4)
Ca(N03)2AI 3(2.6-650-4)
Ca(NO3yA 120 3(2.6-850-4)
Ca(N03)2/Si02-Al20 3(2.6-450-4)
Ca(N03)2/Si02-Al20 3(2.6-550-4)
Ca(N03)2/Mg0(2.6-450-4)
Ca(N03)2/Mg0(2.6-550-4)
Ca(N03)2/activated carbon(2.6-300-2)
Al20 3
Si02-AI0 3
MgO
Hydrotalcite
Activated carbon
KF/AI2 3(2.6-550-2)
NaCH30/AI20 3(2.6-550-2)
Mg0/A120 3(2.6-550-2)

1
{’ey- ‘(hr)

56



4.3
431
45
Sample
AlD 3
Si02AI0 3
MgO
Hydrataicite
Activated carbon
432
4.6 [
Type of metal salts Metal salts
Carbonate 2003
Na2C 03
k2co3
MgCOg
CaCo03
BaC03
Hydroxide NaOH
KOH
Mg(OH)2
Ca(0OH)2
Ba(OH)2
Nitrate LiNO3
NaN03
Mg(N03).6H20

Ca(N03).4H2Q

 2547]

pkaRange

+3.310-5.6
<-8.2
>7.0
>7.0

]

4.6

Solubility in water (g/100 ml)

0.015
21 at 21 °¢c
soluble
0.016
<0.01
insoluble
111 at 20°C
110 at 25 °c
insoluble
insoluble
5.6 at15°
soluble
92.1 at 20 °c
soluble
121 at 18°c

4.5

57
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433

47

4.7 12
[http:/len.wikipeclia.org/]

Metal nitrate salts ~ Decomposition Temperature (°C) ~ Melting point Temperature (°C)

LiNO3 600 255
NaN03 380 306.8
Mg(N032 330 89
Ca(N032 ND 45
434 (BET)
(BET) 48
48 (BET)
Sample Multipoint BET* (- 2g) Average pore diameter (A°)
AID 3 83.16 86.12
Si02AI20 3 34456 67.02
MgO 54.62 148.37
Hydrotalcite 122.15 67.02
Activated carbon 1045.44 19.81

*BET surface area

4.8 5 activated carbon
1045 g , 1981 A0 MgO 54.62
49 148.37 A


http://en.wikipeclia.org/

4.3.5

(2.6-550-2)
K2C03Mg0

KD

43.43

4.9

XRF

Compound
AlD 3
Si02
8 s

Cl
k2
Fed 3

4.10
XRF.

Compound

NaZ)
AlD 3
Si02
k2
Ca0
Fed 3
Cuo

59

X-Ray Fluorescence Spectrometry (XRF)

4.9 K2C03Si02AIX s
Peterson (1986) K2 03AID 3
K203
31.59
K2C03Si02AID 3(2.6-550-2)
Concentration  catalyst (%)
Before catalytic transesterification  After catalytic transesterification
4.60 1.23
39.66 61.00
0.05 0.03
[ 0.09
55.65 3159
0.04 0.06
Na(N032AI2) 3(2.6-550-4)

0.61
0.37
0.13
0.04

0.02

Concentration in catalyst (%)
Before catalytic transesterification
13.74
85.09

After catalytic transesterification

4.10
94.89
0.70
0.14
0.12
0.05
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411 1 Ca(N0J2AID 3(2.6-450-4)
XRF
Concentration in catalyst (%)
Compound  Before catalytic transesterification  After catalytic transesterification
Na2 0.16 0.15
AID3 44.94 49.83
Si02 0.28 0.34
k) 0.25
Ca0 54.33 49,63
Fed3 0.04 0.05
4,10 411
Na(NO32AD 3(2.6-550-4) Ca(N032AI1D 3(2.6-450-4)
Nad)
70.15 Ca0
8.65
4.12 Ca(NO32/AID 3(2.6-450-4)
120° 450550 650 850° XRF
Concentration in catalyst calcined at different temperature (%)
Compound 120° 450 °C 550 °C 650 °C 850 °C
Nad 0.12 0.14 0.13 0.16 0.14
AID3 46.21 53.16 54.33 56.31 57.48
Si02 0.37 0.32 0.54 0.32 0.39
k) 0.04 0.03 - - 0.02
Ca0 53.19 46.31 44.97 43.18 41.94

Fed 3 0.07 0.04 0.03 0.03 0.03
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4.12 Ca(N032AID 3
450 550 650 850°
120° Ca0

4.3.6 X-Ray Diffraction (XRD)

[ XRD 41
XRD KL 03AI2 3(1.3-550-2)
AlD 3
A3 «XL03 42
XRD Ca(NOJAID 3 (2.6-450-4)
A2 3
A3 Ca(N032

. KX 0AID 3(1.3-550-2)

, LAID3
*r-\ Ir ~ifd

155 2 25 0 3b 40 45 50 5% 60
2Theta(0)

41 (*K2C03
AID3

. KX 03AI1D J1.3-550-2)



.Ca(NO3ZAID 3(2.6-450-4)

. AID3
A 1T "“-:..;,_;,_\_‘,v;'_,__;,r”-:“.'..;-,;,';d;z;| CN A A pen el
U & ' fi
1 1 ’ ) 2Theta( °;0 ) L
42 (*Ca(N032
AD3
. Ca(NOJAID 3(2.6-450-4)
44,
441 (C0j2)
(OH) SRR &
(C02)
(OH) 12 2
1
1-3
2
4-6
L
LIOH NaOH
KOH (monohydric  alcohol)
() [Goto , 2004]

12
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(AD 3

(methyl ester content)

413
4.13
1 2
20 1 3 500
60 ° 3
Type of metal salts Catalysts M.E content (%)
Carbonate L03A12032.6-550-2) 12.99
NaZC 03AI120 32.6-550-2) 86.88
KL 03AID 32.6-550-2) 95.02
MgC03AID 32.6-550-2) 153
CaC03AID 32.6-550-2) 2.02
BaC03AI2) 32.6-550-2) 1.03
Hydroxide NaOH/AIZ) 32.6-550-2) 20.9
KOH/AID 32.6-550-2) 64.49
Mg(OH2/AID 32.6-550-2) 0
Ca(0H)2AI2 32.6-550-2) 0.77
Ba(0H)ZAI2 32.6-550-2) 0.85
413

KCOIAD T2, -550-2)
95,02 K203
XRD
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KL 03JAI,031.3-550-2) AD 3 4.1 KX 03
aid) 3
1 2 4.6
03 NaX03 MgC03  CaC03 BaC03 Mg(OH)2

CalOH)2 BaOH?2

NaOH  KOH '
[ 2534
4.13
( 4.6)
4.14
4.14
20 1 3 500
60 ° 3
Type of catalysts Catalysts M.E content (%)
Metal salts MgC03 0
CaC03 0
B4GOg 0
Mg(OH)2 0
Ca(OH)2 0
Supports AlZ) 3 0
Si02AID 3 0
MgO 0
Hydrotalcite 0
Activated carbon 0



414

4.15

4.15

20 1
60 ° 3

Catalysts
CHIONa/AID 3(2.6-550-2)
KF/AID 2.6-550-2)

4.15
CHINa/AID 32.6-550-2)
CH3Na
CHONa/AID 3

(2005  KF/AID3

Peterson

4.15
4.15
KXO03JAID3  KXO03IMgO
4.13 KX 03AID 3

K2 03support

3
M.E content (%)
1.07
0.67
Freedman
95

ol KFIAID32.6-550-2)

(1986)

XRF 4.9

' K2

65

500

(1986)

Baba

4.14

KD



1 CHjOH
2 KOH

pliigli}

43

Na2C 03 KOH NaOH
1.32.6 3.6
44

66

KOH  CHjo

o A

K2C 03support

K203
AID 3 3



M.E content (%)

100
g0
60
40

Z0

3.6

Amount of metal salts loaded on support

( ollg-AlD 3as metal)

44
3 500
44
(2.6-550-2)
KCOIAID 3 26

45

KL 03AID 3( .3,2.6,3.6-550-2)

67

Na2C03AI2) 3(1.3,2.6,3.6-550-2)
KOH/AIZ 3(1.3,2.6,3.6-550-2)
——  NaOH/AI2 31.3,2.6,3.6-550-2)
AD3
20 1
60° 3
KLOJAD3 (26550-2)  NaZ0FAID3
9502 8688

KD

(065 13 26 36  25)



M.E content (%)

100 -
90 - \.\
80 - \
70 -
60 -
50
40 A
30 -
20 -
10 A
0 i+
065 1.3 26 36 o5
Amount of metal salts loaded on support
(mmol/g-Al2) 3as metal)
4.5
KLOJAID30.65 25-550-2)
; 20 1
3 500 60 °
4.5
KX03AID 3(0.65  25-550-2)
80 KD

ko3
K203
Si02AID 3MgO Hydrotalcite  activated carbon

68

2.6



4.16

20 1

60 3

Catalysts
K2C03JAID 32.6-550-4)
K2C03Hydrotalcite (2.6-550-4)
K2C03Activated carbon (2.6-550-4)
K2 03Mg0 (2.6-550-4)

K2C03Si02A1D 3(2.6-550-4)
K203
*2C03
( 45 48
hydrotalcite
(2.6-550-4)
4,

KZ03 MgO (2.6-550-2)

69

K2 03support (2.6-550-2)
3 500
M.E content (%)
95.07
92.32
91.78
90.61
89.12
90.51
AD3  Si02AID3 MgO
activated carbon
4.16 K2C0JAID 32.6-550-4)
95.07 K203Si02A10 3
89.12
K203 /support K203
KX03 /| Si02AID3 (2.6-550-2)
4.6



M.E content (%)

100

) . g .
o0 - Sl == ta o= e o e e

—+— K,CO,/Si0,-Al,0,(2.6-550-
—&— K,CO/MgO(2.6-550-2)

40

30

20

0

0 T ¥ T T T T T T T T T T g | T 1 T 1
0 2 3 79 U0 31S20» I4H60 D120 BIP

Reaction time (minute)

4.6

KX 03 MgO (2.6-550-2)

500
0-180

4.6
K2C 03/ Si02AI2 3(2.6-550-2)
!

K03 / Si02AI2 3(2.6-550-2)

200 1 3
60 °

K203 MgO (2.6-550-2)

47

10



M.E content (%)
100

90

80

70 - 4

404 |/
30 -
20 -
10 4

B0 A
5004

1

0
0

4.7

(2.6-550-2)
50
3

2.4
31

(2.6550-2)

0.5

48

1 15 2 2.5 3 3.5
Amount of catalysts (%wt.)

KXC03JAID 3

20 1
500 60 * 1

4.7 05
90

kZ03aiZo3



M.E content (%)

100

90 A /m_,_.—:—'—

80 -
70 -
B0 -
50 -
40 -
30 -
20 -
10 o

>

72

L 4

®

0 T

4.8

500

4.8

44.2

12 Na Mg

Evaporation to dryness

I I T

6 9 12

15

MeOH/Qil (mol/mol)

«A (JAID3 (2.6-550-2)

60 °

Ca

Incipient wetness

1

ko3ai2n3

18 21

0.5



3

1 2
1
2 2.6 1 4.17
4.17
65 1 10 500
60 ° 3
Catalysts M.E content (%)
LINO3/AID 3(2.6-550-4) 93.73
NaNOJAID 3(2.6-550-4) 93.76
Mg(NOYAIZ 32.6-550-4) 3.80
Ca(N032A1D 32.6-550-4) 21.71
4.17 2
(Mg, Ca) AID3 , 1
(L, Na) GIAN 1
NaN03JAID 3(2.6-550-4) LINOJAIZ) 32.6-550-4) XRF 4.10
Na 70.15
NaN03JAID 3(2.6-550-4)
K2 03/AI2) 3(2.6-550-4)
LINO;j /A1) 32.6-550-4) XRF
|
1

47



M.E content (%)
100

m I B
il B 1 I me
60 4 | ‘

40| [

i o 1L

450 550 650 850
Calcination temperature (°C)

4.9
AlD3 450 550 650

10

4.9

LiNOJAI 3(2.6-450,550-4)

NaNOFAID 3(2.6-550,650,850-4)
Mg(NO32AID 3(2.6-450,550,650,850-4)
Ca(NOYAID 3(2.6-450-4)

49

850°

LiNOG/AI 3
(2.6-450,550,650,850-4)
NaN0JAID 3
(2.6-450,550,650,850-4)
Mg(NOYAI23
(2.6-450,550,650,850-4)
Ca(NOYAID3
(2.6-450,550,650,850-4)

500

>90
>90
<20
>00

74

65
60 °
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UNOJAID3  (2.6-450,550-4) 10%NaNOJAID2.6-550,650,850-4)

Ca(N032AI 3(2.6-450-4) 90
XRF
NaN0JAU032.6-550-4) LINOJAID 3
Mg(N032AI2 3 (2.6-450,550,650,850-4)
Ca(N032A1D 3 XRF
411 Ca 8.65
3.
Ca(NOYAID 32.6-450-4)
Si02AID 3( )
MgO ( ) activated carbon ( ) 4.19
4.19 Ca(N032
65 1 500 60 °
3
Catalysts M.E content (%)
Ca(N03)2/Si02AI2 3(2.6-450-4) 16.14
Ca(N032/Si02AI20 3(2.6-550-4) 0.67
Ca(N032/MgO (2.6-450-4) 13.23
Ca(N032/MgO (2.6-550-4) 0.17
Ca(N032/activated carbon (2.6-300-2) 0
4.19 Ca(N03)2 Si02AI20 3 MgO activated
carbon Ca(N032 Al 3
93.73 Ca(N032

AN 3
Ca0

Ca(N032
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Ca0 CaC03  Ca(OH)?2

Ca(NOYAIX 3(2.6-450-4)
Ca(N032 AID 3

443
4.20
Kim et al. (2004) Baba et al. (2005) Xie et al. (2006)  Lopez et al. (2006)
1 Na/NaOH/r-AiD 3

KL03AID3KNOJAD3  ETS-10(NaK) Lopez ETS-10
(Na,K) Na K 4381 48.08
1 Kim Baba  Xie
Ca0 2 Gryglewiz
(ultrasound)
(THF)
93 Jittputt
S047Zr02 200°
50
Ca(N032AI2 3(2.6-450-4) 60°

93.73



4.20

Literature

Gryglewicz (1999)

Kim et al. (2004)

Baba et al. (2005)

Xie et al. (2006)

Jittputti et al.
(2006)

Lopez et al. (2006)
This research

Type of
Catalyst
1%Ca0
2%Na/Na0 Hir-Al0 3
34%K2C03AID 3
6.5%KN0JAI2 3
3%S0427Zr02

2%ETS-10(Na,K)

10%Ca(NOJ2AID 3

Reactor
2-neck flask
(ultrasonic)
Autoclave
Autoclave
1-neck-flask
Parr reactor

Erlenmeyer flask

3-neck flask

(%wt based on oil)

Hexane 20%

AlcohoLVegetable oil
(mol/mol)

451

(MeOH : Rapeseed)
91

(MeOH : Soyhean)
25:1

(MeOH : Triolein)
151

(MeOH : Soybean)
6:1

(MeOH :Palm kernel)
6:1

(MeOH : Triacetin)
65:1

(MeOH :Palm kernel)

Temperature
and Preesure
50-70 °c
60 °c, N2 1 atm
60"C
60°C

200 °C,N250 bar

60°C

Reaction time

(hr.)
25

77

conversion
(%)
93
94
94
87
98.9

90

93.73



4.4.4
2kfactorial design

4.2

421

Factors
A MeOFH/Qil (mol/mol)
B Amount of catalyst (%wt)

c Time (minute)
Moisture (%wt)

4.22

Run MeOFI/Oil

(mol/mol)
1 7011
2 7011
3 7011
4 7011
5 701
6 7011
7 7011
8 7011
9 1011
10 1011
il 1011
12 1011
13 1011
14 1011
15 101
16 1011

78

24 factorial design 4

4.22
2

16

4 24factorial design

Name of factor

Amount of catalyst
(Yowg)
10
10
10
10

[T T S

Interval of condition

10:1 - 70:1
1-10
30 - 300
0-2
24factorial design 16
Time Moisture ME content
(minute) (%owt) (%)
300 2 20.53+4.03
30 2 8.3610.12
300 0 94.0510.21
30 0 37.4312.20
300 2 0.6410.64
30 2 0
300 0 2.0711.95
30 0 0
300 2 3.1412.73
30 2 1.3011.30
300 0 31.3811.37
30 0 6.7010.34
300 2 0.1310.13
30 2 0
300 0 0.4010.40
30 0 0
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4.22 32

Effect  Half Normal % probability 4.12
DESIGN-EXPERT Plot
LogL0(Response 1 +00.94) !-Ialf Norm aLplOt
A MeOHQIl e
B. Catalyst
C: Time l =g

. Moisture 97 /

% % L)

g w] / oy cA

i 2(5] __é ;/é u .AED

£ 70 =

2w

T

20 -
0=
[ | \ R I T
0.00 025 051 0.76 1.01
|Effectl
4.10 Effect Half Normal % probability
4.10
(A (B) (€) ()
(AB)
(BD) Effect

24 factorial design

23factorial design 3
4.23



Factor
A
B
C

Run

co ~N o o1 B ow N e

4.23

MeOH/Qil (mol/mol)
Amount of catalyst (%wt)

Time (minute)
4.24

MeOH/OIl
(mol/mol)

701
701
701

701
1011

1011

1011
1011

97 —
95 |

%0 3
05 3
80 3
70 =
B0 —

Half Normal % probability

40 -

20 =

0 -

411

3 23factorial design
Name of factor Interval of condition
10:1 - 70:1
1-10
30 - 300
23factorial design 8
Amount of catalyst Time Moisture M.E content
(%owt) (minute) (%owt) (%)
10 300 0 94.05+0.21
10 30 0 37.43+2.20
1 300 0 2.07+1.95
1 30 0 0
10 300 0 31.38+1.37
10 30 0 6.70+0.34
1 300 0 0.40(0.40
1 30 0 0
Half Normal plot
=g
A
=C
‘/ = AB
A
=]
A
@
i
2
é
T I L T I
0.00 033 0.66 0.99 1.32

|Effect|

Effect Half Normal % probability

80



A (B) ©
(AB) Effect

Studentized Residuals ~ Normal % probability

4.12
DESIGN-EXPERT Plot i
DSl oot 2.3 Normal Plot of Residuals
99
% 0
190 H
% 0
0 D &
50 ﬁa’h
{ % <
5 o
' 1 1 1 r
T2,36 -1.30 -0.25 0.31 1.87

Studentized Residuals

4.12 studentized Residuals ~ Normal% probability



DESIGN-EXPERT Plot
Log10(Response 1+0 93)

X=A MeOHLOIl
* Design Points
Actual Factors

B: Catalyst = 5.50
C: Time™= 165 00

4.13

DESIGN-EXPERT Plot
Logl0(Response 1+ 0.93)

X = B: Catalyst
« Design Points
Actual Factors

A: MeOH/0il = 40.00
C: Time = 165.00

4.14

Log10(Response 1 + 0.93)

Log10(Response 1 + 0.93)

One Factor Plot

1973
1472
L d
0971 : *
0470 —
-0.031
I I 1 15 I
1000 2500 4000 55.00 70.00
A: MeOH/Oil
(A)
One Factor Plot
1.973 -
1.472
3
0971 — .
0.470 —
-0.031
T I T T I
1.00 325 550 775 10.00
B: Catalyst

82



DESIGN-EXPERT Plot
Logl0(Response + 3

X=C Time
* Design Roints

Actual Factors
A: MeCK/Qil = 40 00
B Catalyst =550

4.15

DESIGN-EXPERT Plot
Log10(Response 1 +0.93)

X=A MeOHOIl
Y = B: Catalyst

* Design Points
1 B- 1000
A B+ 10000

Actual Factor
C: Time = 165.00

4.16

Log10(Response 1 +0.93)

One Factor Plot

1.472

-
0971 * *®
/

0.470 —
i
-0.031
T 1 T T T
30.00 Q7 50 16500 23250 30000
C: Time
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2
/
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--/
i
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413 415

4.14
4.16
1
10
15
79.59
50 / 800 /
96.52
4.5 |
2
41 42 2
4.25
K2C 0JAI 32.6-550-2)
9 1 500
60 ° 1
Catalysts Amount of catalysts M.E content (%)
K2COJAIX 3(2.6-550-2) 0.5 78.54
K2COJAID 32.6-550-2) 1.0 82.42
K2C 0 JAID 32.6-550-2) 2.0 85.22
K2C 03AID 3(2.6-550-2) 3.0 88.88



4.26
Ca(NOY/AI2 32.6-450-4)

60 % 3

Catalysts
Ca(N032/ AID) 32.6-450-4
Ca(N032/ AID 32.6-450-4
Ca(N032/ AID 32.6-450-4
Ca(N032/ AlD) 32.6-450-4
a0

425 426

~—

4.6.

4.21

Kinematic Viscosity (cSt)

Specific Gravity at
15.6/15.6 °¢c

Cetane Index
Flash Point (°C)
Heating Value (MJ/kg)

65 1

Amount of catalysts
5
10
*15
*20

1.8

4.1
0.81

0.87
47
52

4.21

8.0

0.920
47
52

500

M.E content (%)
20.28
85.02
91.23
99.80

35

0.86

0.90
51
120

ASTM

D 445

1298

976
93
240
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4.28
Ca(N032/AID 32.6-450-4)
. Results of biodiesel fuel
Properties \ . o .
Palm kernel ol Coconut ol
Kinematic Viscosity (est) 2.79 2.79
Specific Gravity at 15.6/15.6 °c 0.874 0.873
Cetane Index 56.5 53.2
Flash Paint (°C) 125 120
Heating Value (MJ/kg) 36.54 41.89
* Ca(NO3/AI203(2.6-450-4) ;
65:1 10 500
60 ° 3
= Ca(NOj)2AI 3(2.6-450-4) ;
65:1 15 800

60 ° 3
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