
CHAPTER II 
LITERATURE REVIEW

2.1 Vegetable Oils

O n e  h u n d r e d  y e a r s  a g o ,  R u d o l f  D i e s e l  t e s t e d  v e g e t a b l e  o i l  a s  a  f u e l  f o r  h i s  

e n g i n e  ( S h a y ,  1 9 9 3 ) .  W i th  t h e  a d v e n t  o f  c h e a p  p e t r o l e u m ,  a p p r o p r i a t e  c r u d e  o i l  

f r a c t i o n s  w e r e  r e f i n e d  to  s e r v e  a s  f u e l s  a n d  d i e s e l  f u e l s  a n d  d i e s e l  e n g i n e s  e v o l v e d  

t o g e t h e r .  I n  t h e  1 9 3 0 s  a n d  1 9 4 0 s ,  v e g e t a b l e  o i l s  w e r e  u s e d  a s  d i e s e l  f u e l s  f r o m  t im e  

to  t i m e ,  b u t  u s u a l l y  o n l y  in  e m e r g e n c y  s i t u a t i o n s  ( M a  a n d  H a n n a ,  1 9 9 9 ) .  R e c e n t l y ,  

d u e  to  t h e  c o n c e r n  a b o u t  t h e  d e p l e t i o n  o f  t h e  w o r l d ’s  n o n - r e n e w a b l e  r e s o u r c e s  a n d  

d e g r a d a t i o n  o f  e n v i r o n m e n t ,  t h e  u s e  o f  v e g e t a b l e  o i l s  a s  f u e l s  f o r  d i e s e l  e n g i n e s  a r e  

r e c a l l e d  t o  u s e  w o r l d w i d e .  F o r  b i o d i e s e l  p r o d u c t i o n ,  o i l s e e d  c r o p s  a r e  u s e d  a s  t h e  

p r i m a r y  f e e d s t o c k .  T h e r e  a r e  m o r e  t h a n  3 5 0  o i l  b e a r i n g  c r o p s  i d e n t i f i e d ;  h o w e v e r ,  

a m o n g  w h i c h  o n l y  s u n f l o w e r ,  s a f f l o w e r ,  s o y b e a n ,  c o t t o n s e e d ,  r a p e s e e d ,  a n d  p e a n u t  

o i l s  a r e  c o n s i d e r e d  a s  p o t e n t i a l  a l t e r n a t i v e  f u e l s  f o r  d i e s e l  e n g i n e s  ( D e m i r b a s ,  2 0 0 5 ) .  

F u r t h e r m o r e ,  t h e  i n t e r e s t  in  v e g e t a b l e  o i l s  is  d i f f e r e n t  f r o m  c o u n t r y  t o  c o u n t r y  

d e p e n d i n g  o n  t h e  a b u n d a n c e  o f  f e e d s t o c k .  F o r  e x a m p l e ,  s o y b e a n  o i l  i n  t h e  U S ,  

r a p e s e e d  a n d  s u n f l o w e r  o i l s  in  E u r o p e ,  p a l m  o i l  in  S o u t h - e a s t  A s i a  ( m a i n l y  M a l a y s i a  

a n d  I n d o n e s i a )  a n d  c o c o n u t  o i l  in  t h e  P h i l i p p i n e s  a r e  u s e d  a s  b i o d i e s e l  f e e d s t o c k s  

( B a m w a l  a n d  S h a r m a ,  2 0 0 5 ) .

V e g e t a b l e  o i l s ,  a l s o  k n o w n  a s  t r i g l y c e r i d e s ,  h a v e  t h e  c h e m i c a l  s t r u c t u r e ,  a s  

s h o w n  in  F i g u r e  2 .1 .  T h e y  c o m p r i s e  o f  9 8  %  t r i g l y c e r i d e s  a n d  s m a l l  a m o u n t  o f  

m o n o -  a n d  d i g l y c e r i d e s  ( B a m w a l  a n d  S h a r m a ,  2 0 0 5 ) .  In  a d d i t i o n ,  t h e r e  a r e  a l s o  

t r a c e s  o f  w a t e r .  T r i g l y c e r i d e s  a r e  p r i n c i p a l l y  c o m p o s e d  o f  t r i a c y l g l y c e r o l s  ( T A G )  

c o n s i s t i n g  o f  l o n g - c h a i n  f a t t y  a c i d s  ( w h i c h  c a n  b e  d i f f e r e n t  t y p e s )  c h e m i c a l l y  b o u n d  

to  a  g l y c e r o l  ( 1 ,2 ,3 - p r o p a n e t r i o l )  b a c k b o n e  ( M o s e r ,  2 0 0 9 ) .  T h e r e  a r e  m a n y  

t r i g l y c e r i d e s ;  d e p e n d i n g  o n  t h e  o i l  s o u r c e ,  s o m e  a r e  h i g h l y  u n s a t u r a t e d ,  s o m e  l e s s  s o .
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Figure 2.1 G e n e r a l  f o r m a t i o n  o f  t r i g l y c e r i d e  ( S w e r n ,  1 9 7 9 ) .

F r o m  F i g u r e  2 .1 ,  R i ,  R 2, a n d  R 3 r e p r e s e n t  a  c h a i n  o f  c a r b o n  a t o m s  w i t h  

h y d r o g e n  a t o m s  a t t a c h e d .  T h e  d i f f e r e n c e s  o f  R i ,  R 2, a n d  R 3 r e s u l t  i n  d i f f e r e n t  t y p e s  

o f  f a t t y  a c i d s  w h i c h  g ly c e r o l  w i l l  b e  c o m b i n e d .  T h e  t h r e e  f a t t y  a c i d s  m a y  o r  m a y  n o t  

b e  i d e n t i c a l .  I n  f a c t ,  t h r e e  d i f f e r e n t  f a t t y  a c i d s  m a y  b e  p r e s e n t .  S i n c e  f a t t y  a c i d s  v a r y  

i n  t h e i r  c a r b o n  c h a i n  l e n g t h  a n d  in  t h e  n u m b e r  o f  d o u b l e  b o n d s  ( B a r n w a l  a n d  

S h a r m a ,  2 0 0 5 ) ;  t h e r e f o r e ,  t h e  p r o p e r t i e s  a n d  c h a r a c t e r i s t i c s  o f  e a c h  v e g e t a b l e  o i l  a r e  

a l s o  d i f f e r e n t .  N a t u r a l l y ,  m o s t  o c c u r r i n g  f a t t y  a c i d s  h a v e  c h a i n  l e n g t h s  b e t w e e n  C i 6 

a n d  C 2 2 , w i t h  C l 8 f a t t y  a c i d s  d o m i n a t i n g  in  m o s t  p l a n t  o i l s .  A m o n g s t  e n o r m o u s  t y p e s  

o f  f a t t y  a c i d s ,  t h e r e  a r e  c o m m o n  ty p e s  f o u n d  in  v e g e t a b l e  o i l s :  t h e y  a r e  s t e a r i c ,  

p a l m i t i c ,  o l e i c ,  l i n o l e i c ,  a n d  l i n o l e n ic .  T h e  n a m e  a n d  c h e m i c a l  s t r u c t u r e  o f  c o m m o n  

f a t t y  a c i d s  a r e  s h o w n  in  T a b l e  2 .1 .  T h e  f a t t y  a c i d  c o m p o s i t i o n s  o f  s o m e  v e g e t a b l e  

o i l s  a r e  g i v e n  in  T a b l e  2 .2 .  I n  a d d i t i o n ,  t h e  p r o p e r t i e s  o f  v e g e t a b l e  o i l s  a n d  b i o d i e s e l  

f r o m  d i f f e r e n t  o i l  a r e  r e p r e s e n t e d  in  T a b l e s  2 .3  a n d  2 .4 ,  r e s p e c t i v e l y .  M o r e o v e r ,  t h e  

c o m p a r i s o n s  o f  s o m e  f u e l  p r o p e r t i e s  o f  v e g e t a b l e  o i l s  a n d  t h e i r  e s t e r s  w i t h  d i e s e l  f u e l  

a r e  e x h i b i t e d  in  T a b l e  2 .5 .
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T a b le  2.1 Chemical structure o f common fatty acids (Balat and Balat, 2008)

N am e of 
fa tty  acid

C hem ical n am e  o f fa tty  acids S tru c tu re
(xx:y) *

F o rm u la

Laurie Dodecanoic 12:0 C 12H24O2

Myristic Tetradecanoic 14:0 C 14H28O2

Palmitic Hexadecanoic 16:0 C 16H32O2

Stearic Octadecanoic 18:0 C 18H36O2

Arachidic Eicosanoic 20:0 C20H40O2

Behenic Docosanoic 22:0 C22H44O2

Lignoceric Tetracosanoic 24:0 C24H48O2

Oleic cis-9-Octadecenoic 18:1 C 18H34O2

Linoleic cis-9,cis-12-Octadecadienoic 18:2 C 18H32O2

Linolenic cis-9,cis-12,cis-15-Octadecatrienoic 18:3 C 18H30O2

Erucic cis-13-Docosenoic 22:1 C22H42O2

*xx:y indicates X  carbons with y double bonds in fatty acic chain



Table 2.2 Fatty acid composition of some vegetable oils (%) (Balat and Balat, 2008)

V eg e tab le  oil
F a t ty  ac id  c o m p o sitio n , w t.%

P alm itic
16:0

S te a ric
18:0

P a lm ito le ic
16:1

O leic
18:1

L ino le ic
18:2

R ic in ic
12-O H -o le ic O th e rs

Tallow 29.0 24.5 - 44.5 - - -
Coconut oil 5.0 3.0 - 6.0 - - 65.0
Olive oil 14.6 - - 75.4 10.0 - -
Groundnut oil 8.5 6.0 - 51.6 26.0 - -
Cotton oil 28.6 0.9 0.1 13.0 57.2 - 0.2
Com oil 6.0 2.0 - 44.0 48.0 - -
Soybean oil 11.0 2.0 - 20.0 64.0 - 3.0
Hazelnut
kernel 4.9 2.6 0.2 81.4 10.5 - 0.3
Poppy seed 12.6 4.0 0.1 22.3 60.2 - 0.8
Rapeseed 3.5 0.9 0.1 54.1 22.3 - 9.1
Safflower seed 7.3 1.9 0.1 13.5 77.0 - 0.2
Sunflower
seed 6.4 2.9 0.1 17.7 72.8 - 0.1
Castor oil - 3.0 3.0 3.0 1.2 89.5 0.3



Table 2.3 Properties of vegetable oils (Barnwal and Shanna, 2005)

V eg e tab le  oil
K in e m a tic
v iscosity  a t 

38°c (m m 2/s)

C e ta n e
n u m b e r3

H e a tin g  v a lu e  
(M J/k g )

C lo u d  P o in t
(°C)

P o u r  P o in t
(°C)

F la sh  P o in t
(°C)

D ensity
(kg/1)

Corn 34.9 37.6 39.5 -1.1 -40.0 277 0.9095
Cottonseed 33.5 41.8 39.5 1.7 -15.0 234 0.9148
Crambe 53.6 44.6 40.5 10.0 -12.2 274 0.9048
Linseed 27.2 34.6 39.3 1.7 -15.0 241 0.9236
Peanut 39.6 41.8 39.8 12.8 -6.7 271 0.9026
Rapeseed 37.0 37.6 39.7 -3.9 -31.7 246 0.9115
Safflower 31.3 41.3 39.5 18.3 -6.7 260 0.9144
Sesame 35.5 40.2 39.3 -3.9 -9.4 260 0.9133
Soya bean 32.6 37.9 39.6 -3.9 -12.2 254 0.9138
Sunflower 33.9 37.1 39.6 7.2 -15.0 274 0.9161
Palm 39.6 42.0 - 31.0 - 267 0.9180
Babassu 30.3 38.0 - 20.0 - 150 0.9460
Diesel 3.06 50 43.8 - -16.0 76 0.855

Cetane number (CN) is a measure of ignition qua! ity of diesel fuel.

oo
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As shown in Table 2.3, the properties o f vegetable oils such as the cetane 
number and heating value o f vegetable oils are relatively similar to that o f fossil 
diesel. Therefore, vegetable oils are attractive alternative energy source. However, 
the value o f viscosity and flash point are much greater than diesel fuels and the use 
o f pure vegetable oils directly as diesel fuels leads to a number o f problems. The 
extremely high viscosity o f vegetable oils is the main cause o f severe operation 
problems which are poor fuel atomization, incomplete combustion, carbon 
deposition on the injectors, and fuel build-up in the lubricant oils (Encinar et a i,
2002). For the high flash point value, it provides low volatility characteristics that 
lead to more deposit formation and carbonization. In addition, the combination o f 
high viscosity and flash point o f vegetable oils causes poor cold engine start up and 
ignition delay. Thus, although short-term use o f neat vegetable oils shows promising 
results, problems appear after the engine has been operated for longer periods. These 
include injector coking with trumpet formation, more carbon deposits and piston oil 
ring sticking, as well as thickening and gelling o f the engine lubricating oil 
(Rakopoulos et a i,  2006). There are a number o f ways to reduce the viscosity o f 
vegetable oil. Dilution, micro-emulsification, pyrolysis, and transesterification are 
the four techniques applied to solve the problems encountered with the high fuel 
viscosity. One o f the most common methods used to reduced oil viscosity in 
biodiesel industry is called transesterification (Demirbas, 2008).
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T a b le  2.4 Properties of biodiesel from different oils (Bamwal and Sharma, 2005)

V egetab le  
oil m ethy l 

e sters  
(b iod iesel)

K in em atic
viscosity
(m m 2/s)

C e ta n e
n u m b e r

L o w er
h ea tin g
v alue

(M J/k g )

C loud
P o in t
CO

P o u r
P o in t
CO

F lash
P o in t
CO

D ensity
(kg/1)

Peanut 4.9 54 33.6 5 - 176 0.883
Soya bean 4.5 45 33.5 1 -7 178 0.885
Babassu 3.6 63 31.8 4 - 127 0.875
Palm 5.7 62 33.5 13 - 164 0.880
Sunflower 4.6 49 33.5 1 - 183 0.860

Tallow - - - 12 9 96 -

Diesel 3.06 50 43.8 - -16 76 0.855
20%
biodiesel
blend

3.2 51 43.2 - -16 128 0.859
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Table 2.5 C o m p a r i s o n  o f  s o m e  f u e l  p r o p e r t i e s  o f  v e g e t a b l e  o i l s  a n d  t h e i r  e s t e r s  w i t h  

d i e s e l  f u e l  ( D e m i r b a s ,  2 0 0 5 )

Fuel type Calorific 
value (MJ/kg)

Density
(kg/m3)

Viscosity at 
300 K (mm2/s)

Cetane
number

N o .  2  d i e s e l  

f u e l 3

4 3 .4 8 1 5 4 .3 4 7 .0

S u n f l o w e r  o i l 3 9 .5 9 1 8 5 8 .5 3 7 .1

S u n f l o w e r  

m e t h y l  e s t e r
4 0 .6 8 7 8 1 0 .3 4 5 .5

C o t t o n s e e d  o i l 3 9 .6 9 1 2 5 0 .1 4 8 .1

C o t t o n s e e d  

m e t h y l  e s t e r
4 0 .6 8 7 4 11.1 4 5 .5

S o y b e a n  o i l 3 9 .6 9 1 4 6 5 .4 3 8 .0

S o y b e a n  

m e th y l  e s t e r
3 9 .8 8 7 2 11.1 3 7 .0

C o m  o i l 3 7 .8 9 1 5 4 6 .3 3 7 .6

O p i u m  p o p p y  

o i l
3 8 .9 9 21 5 6 .1 -

R a p e s e e d  o i l 3 7 .6 9 1 4 3 9 .2 3 7 .6

3 N o .  2  d i e s e l  f u e l  is  t h e  p r i m a r y  f u e l  f o r  m o b i l e  d i e s e l  e n g i n e  a p p l i c a t i o n s .

T h e  p r o p e r t i e s  o f  v e g e t a b l e  o i l s  a f t e r  t h e y  a r e  t r a n s e s t e r i f i c a t e d  a r e  s h o w n  in  

T a b l e  2 .4 .  I t  s h o w s  t h a t  b o t h  t h e  v i s c o s i t y  a n d  f l a s h  p o i n t  v a l u e s  a r e  r e d u c e d ,  

p a r t i c u l a r l y  t h e  v i s c o s i t y  w h ic h  g e t s  c l o s e  to  t h e  v a l u e  o f  d i e s e l  f u e l s .  I n  t h e  s a m e  

w a y ,  t h e  c o m p a r i s o n s  o f  s o m e  f u e l  p r o p e r t i e s  o f  v e g e t a b l e  o i l s  a n d  t h e i r  e s t e r s  w i t h  

d i e s e l  f u e l  a r e  s u m m a r i z e d  a n d  r e p r e s e n t e d  in  T a b l e  2 .5 .  T h i s  t a b l e  o b v i o u s l y  s h o w s  

t h a t  t h e  v i s c o s i t y  o f  b io d i e s e l  b e c o m e s  l o w e r  a s  c o m p a r e d  to  i t s  r a w  o i l .  H o w e v e r ,  

t h e  v i s c o s i t y  o f  b i o d i e s e l  i s  s t i l l  m o r e  t h a n  t h a t  o f  d i e s e l  f u e l .
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2.2 Transesterification of Vegetable Oils

F o r  s o l v i n g  t h e  p r o b l e m s  r e l a t e d  w i t h  h i g h  f u e l  v i s c o s i t y ,  s e v e r a l  m e t h o d s  

c a n  b e  a p p l i e d .  T h e r e  a r e  f o u r  p o s s i b l e  t r e a t m e n t s :  d i l u t i o n ,  m i c r o - e m u l s i f i c a t i o n ,  

p y r o l y s i s ,  a n d  t r a n s e s t e r i f i c a t i o n .  T h e  l a s t  m e t h o d  h a s  d o u b t l e s s l y  b e e n  t h e  m o s t  

c o m m o n  m e t h o d  e m p l o y e d .

T r a n s e s t e r i f i c a t i o n  is ,  o t h e r w i s e ,  k n o w n  a s  a l c o h o l y s i s .  I t  i s  t h e  r e a c t i o n  

p r o c e s s e s  b y  m e a n s  o f  w h i c h  t r i g l y c e r i d e  m o l e c u l e s  p r e s e n t  in  v e g e t a b l e  o i l s  o r  

a n i m a l  f a t s  r e a c t  w i t h  a n  a l c o h o l  i n  t h e  p r e s e n c e  o f  a  c a t a l y s t  t o  f o r m  e s t e r s  a n d  

g l y c e r o l s ,  a s  s h o w n  i n  F i g u r e  2 .2 .  S i n c e ,  t h i s  f i g u r e  s h o w s  t h e  t r a n s e s t e r i f i c a t i o n  

r e a c t i o n  b y  u s i n g  m e t h a n o l ,  i t  i s  a l s o  c a l l e d  m e t h a n o l y s i s .

CH2- 0 - C 0 - R 1 
Ç H -O -C O -R 2 + 3 CH3-OH
c h 2- o - c o - r 3
T r i g l y c e r i d e s  M e t h a n o l

C a t a l y s t  CH3—O—C O -R 1
< = = = ^  c h 3- o - c o - r 2 

c h 3- o - c o - r 3
M e t h y l  E s t e r s

c h 2- o h

+ ÇH-OH 
CH2-O H
G l y c e r o l

Figure 2 .2  T r i g l y c e r i d e s  t r a n s e s t e r i f i c a t i o n  r e a c t i o n  w i t h  m e t h a n o l  ( B o r g e s  a n d  

D ia z ,  2 0 1 2 ) .

W h e n  t h e  t r a n s e s t e r i f i c a t i o n  r e a c t i o n  w i th  a l c o h o l  p r o c e e d s ,  t h e  f i r s t  s t e p  is  

t h e  t r i g l y c e r i d e s  to  d i g l y c e r i d e s  c o n v e r s i o n ,  w h i c h  is  f o l l o w e d  b y  t h e  s u b s e q u e n t  

h ig h e r  g l y c e r i d e s  t o  l o w e r  g l y c e r i d e  c o n v e r s i o n  a n d  t h e n  to  t h e  g l y c e r o l ,  y i e l d i n g  o n e  

m e th y l  e s t e r  m o l e c u l e  f r o m  e a c h  g l y c e r i d e  a t  e a c h  s te p .  T h e s e  c o n v e r s i o n  s t e p s  a r e  

p r e s e n t e d  i n  F i g u r e  2 .3 .
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Ç H 2—O —C O —R i C a t a l y s t Ç H 2- O H

ว แ - ๐ แ  +  C H 3- O H  ^
c h 2- o - c o - r 3
Mon ogty ce ri de Methanol

Catalyst

Figure 2.3 T r a n s e s t e r i f i c a t i o n  r e a c t i o n  s t e p s  ( B o r g e s  a n d  D ia z ,  2 0 1 2 ) .

A m o n g s t  v a r i o u s  t y p e s  o f  a l c o h o l  s u c h  a s  m e t h a n o l ,  e t h a n o l ,  p r o p a n o l ,  a n d  

b u ta n o l ,  m e t h a n o l  a n d  e t h a n o l  a r e  u s e d  c o m m e r c i a l l y .  W h e n  m e t h a n o l  is  a p p l i e d  a s  

r e a c t a n t ,  r e a c t i o n  p r o d u c t  w i l l  b e  a  f a t t y  a c i d  m e th y l  e s t e r s  m i x t u r e  ( F A M E ) .  I f  

e t h a n o l  w e r e  u s e d  i n s t e a d  o f  m e t h a n o l ,  a  f a t t y  a c i d  e t h y l  e s t e r s  m i x t u r e  ( F A E E )  w i l l  

b e  p r o d u c e d  ( B o r g e s  a n d  D ia z ,  2 0 1 2 ) .  N e v e r t h e l e s s ,  m e t h a n o l  i s  w i d e l y  u s e d  in  

b io d i e s e l  p r o d u c t i o n  d u e  to  i ts  l o w  c o s t  a n d  i ts  p h y s i c a l  a n d  c h e m i c a l  a d v a n t a g e s  

( R a m a d h a s  et al, 2 0 0 4 ) .

In  g e n e r a l ,  t h e r e  a r e  t h r e e  c o m m o n  k in d s  o f  c a t a l y s t s  w h i c h  c a n  b e  u s e d  in  

t r a n s e s t e r i f i c a t i o n  r e a c t i o n  in  o r d e r  t o  e n h a n c e  t h e  r e a c t i o n  r a t e .  T h e r e  a r e  s t r o n g  

a l k a l i s ,  s t r o n g  a c i d s ,  a n d  e n z y m e s .  S i n c e ,  t h e  m a i n  a d v a n t a g e s  o f  u s i n g  a  s t r o n g  

a l k a l i  a s  a  c a t a l y s t  a r e  s h o r t e r  r e a c t i o n  t i m e ,  l o w  c o s t ,  w e l l - d i s s o l v e  in  m e t h a n o l ,  a n d  

l e s s  o f  a m o u n t  c a t a l y s t  r e q u i r e d  in  t h e  m a n u f a c t u r i n g  p r o c e s s  o f  t r a n s e s t e r i f i c a t i o n  

r e a c t i o n .  T h e r e f o r e ,  s t r o n g  a l k a l i n e  c a t a l y s t s  i n c l u d i n g  s o d i u m  h y d r o x i d e  ( N a O H )  

a n d  p o t a s s i u m  h y d r o x i d e  ( K O H ) ,  a r e  w i d e l y  u s e d  in  t h e  i n d u s t r y  f o r  m a s s  b i o d i e s e l  

p r o d u c t i o n  ( S h a h b a z i  et al., 2 0 1 2 ) .  I n  a d d i t i o n ,  t h e  u s e  o f  a l k a l i n e  c a t a l y s t  w a s  

s u p p o r t e d  i n  V e l a s q u e z - O r t a  et al, 2 0 1 2 ’ร w o r k .  T h e  e x p e r i m e n t  w a s  d e s i g n e d  in
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o r d e r  to  u n d e r s t a n d  t h e  i m p a c t  o f  p r o c e s s  v a r i a b l e s  ( c a t a l y s t  r a t i o ,  s o l v e n t  r a t i o ,  a n d  

r e a c t i o n  t i m e )  i n  t h e  p r o d u c t i o n  o f  F a t t y  A c i d  M e th y l  E s t e r  ( F A M E )  f r o m  Chlorella 
vulgaris m i c r o a l g a e .  T h e  r e s u l t  s h o w e d  t h a t  t h e  a l k a l in e  c a t a l y s t  ( s o d i u m  h y d r o x i d e )  

o u t p e r f o r m e d  t h e  a c i d  c a t a l y s t  ( s u l p h u r i c  a c i d )  o b t a i n i n g  h i g h e r  c o n v e r s i o n s  a t  l o w e r  

r e a c t i o n  t i m e s .  I n  a d d i t i o n ,  L e e v i j i t  et al. ( 2 0 0 4 )  s tu d i e d  t h e  p r o d u c t  c o n c e n t r a t i o n s  

b y  u s i n g  a  s e c o n d - o r d e r  r e a c t i o n  m e c h a n i s m  a n d  t h e  r e s u l t  s h o w e d  t h a t  t h e  y i e l d  o f  

t h e  r e a c t i o n  w h i c h  w a s  c a r r i e d  o u t  w i t h  K O H  a s  a  c a t a l y s t  h a s  a  h i g h e r  v a l u e  t h a n  t h e  

r e a c t i o n  w h e n  N a O H  w a s  u s e d  a s  a  c a t a l y s t .

A c c o r d i n g  to  F i g u r e  2 .2 ,  i t  s h o w s  t h a t  t h e  t r a n s e s t e r i f i c a t i o n  i s  o n e  o f  t h e  

r e v e r s i b l e  r e a c t i o n s  a n d  p r o c e e d s  s u b s t a n t i a l l y  b y  m i x i n g  t h e  r e a c t a n t s .  T h e r e f o r e ,  

t h e  e x c e s s  m e t h a n o l  is  r e q u i r e d  f o r  s h i f t i n g  t h e  e q u i l i b r i u m  t o  t h e  p r o d u c t s  s id e  a n d  

a l l o w i n g  i t s  p h a s e  s e p a r a t i o n  f r o m  t h e  g ly c e r o l  f o r m e d .  T o  c o m p l e t e  

t r a n s e s t e r i f i c a t i o n  p r o c e s s ,  a  3 :1  m o l a r  r a t i o  o f  m e t h a n o l  to  t r i g l y c e r i d e s  is  n e e d e d  

( R a m a d h a s  et ai, 2 0 0 4 ) .  In  p r a c t i c e ,  t h i s  r a t i o  n e e d s  to  b e  g r e a t e r  in  o r d e r  t o  i m p u l s e  

t h e  e q u i l i b r i u m  t o  a  m a x i m u m  m e th y l  e s t e r  y i e ld .  T h e  m e th y l  e s t e r  p r o d u c t s ,  a l s o  

k n o w n  a s  b io d i e s e l ,  a r e  r e a l l y  a t t r a c t i v e  a s  a l t e r n a t i v e  e n e r g y .

F u r t h e r m o r e ,  A g a r w a l  a n d  c o - w o r k e r s  ( 2 0 1 2 )  s y n t h e s i z e d  b i o d i e s e l  b y  u s i n g  

K O H  a s  h o m o g e n e o u s  a n d  h e t e r o g e n e o u s  ( K O H / A I 2 O 3 )  c a t a l y s t .  T h e  o b j e c t i v e  o f  

t h e i r  w o r k  w a s  t o  s tu d y  t h e  c a t a l y t i c  b e h a v i o r  f o r  b i o d i e s e l  s y n t h e s i s  b y  m e t h a n o l y s i s  

o f  w a s t e  c o o k i n g  o i l s .  T h e y  r e p o r t e d  t h a t  h e t e r o g e n e o u s  c a t a l y s t  s h o u l d  b e  p r e f e r r e d  

d u e  t o  e a s y  s e p a r a t i o n  o f  g l y c e r o l ,  n o  w a t e r  w a s h i n g ,  a n d  r e u s a b i l i t y  o f  c a t a l y s t .  I n  

a d d i t i o n ,  i t  c a n  b e  u s e d  e f f i c i e n t l y  f o r  c o n t i n u o u s  p r o c e s s  b e c a u s e  o f  r e u s a b i l i t y  o f  

t h e  c a t a l y s t .  H o w e v e r ,  t h e r e  i s  n o  r e u s e  o f  t h e  c a t a l y s t  in  c a s e  o f  h o m o g e n o u s  o n e .  

A p a r t  f r o m  t h a t ,  t h e  o p t i m u m  c o n d i t i o n s  f o r  m a x i m u m  y i e l d  f o r  h e t e r o g e n e o u s  

c a t a l y z e d  r e a c t i o n  w e r e  o b t a i n e d  a t  7 0  °c, 2  h o u r s  r e a c t i o n  t i m e ,  5 %  c a t a l y s t  

c o n c e n t r a t i o n ,  15  w t %  c a t a l y s t  l o a d i n g ,  a n d  9 :1  m e t h a n o l  t o  o i l  m o l a r  r a t i o .  W h e r e a s  

f o r  h o m o g e n e o u s  c a t a l y z e d  r e a c t i o n  t h e  o p t i m u m  r e a c t i o n  c o n d i t i o n s  w e r e  7 0  °c  
r e a c t i o n  t e m p e r a t u r e ,  1 h o u r  r e a c t i o n  t i m e ,  1 %  c a t a l y s t  c o n c e n t r a t i o n ,  a n d  6 : 1  

m e t h a n o l  to  o i l  m o l a r  r a t io .
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2.3 Biodiesel

B i o d i e s e l  is  d e f i n e d  a s  t h e  m o n o a l k y l  e s t e r  o f  l o n g  c h a i n  f a t t y  a c i d s  d e r i v e d  

f r o m  r e n e w a b l e  l i p i d  f e e d s t o c k  s u c h  a s  v e g e t a b l e  o i l s  o r  a n i m a l  f a t s ,  f o r  u s e  in  

c o m p r e s s i o n - i g n i t i o n  e n g i n e s  w i t h  l i t t l e  o r  n o  m o d i f i c a t i o n .  B i o d i e s e l  i s  t h e  n a m e  f o r  

a  v a r i e t y  o f  e s t e r  b a s e d  o x y g e n a t e d  f u e l  f r o m  r e n e w a b l e  b i o l o g i c a l  r e s o u r c e s .  T h e  

m a i n  r e a c t i o n  to  p r o d u c e  t h i s  f u e l  i s  t r a n s e s t e r i f i c a t i o n  r e a c t i o n ,  w h e r e  t r i g l y c e r i d e s  

i n t e r a c t  w i t h  a l c o h o l ,  i n  t h e  p r e s e n c e  o f  a  c a t a l y s t ,  to  p r o d u c e  e s t e r  a n d  g ly c e r in .  B y  

t h i s  m e a n s ,  t h r e e  s m a l l e r  m o l e c u l e s  o f  e s t e r  a n d  o n e  m o l e c u l e  o f  g l y c e r i n  a r e  

o b t a i n e d  f r o m  o n e  m o l e c u l e  o f  f a t / o i l .  G l y c e r i n ,  a l s o  k n o w n  a s  g l y c e r o l ,  i s  r e m o v e d  

a s  b y p r o d u c t  a n d  e s t e r s  a r e  k n o w n  a s  b i o d i e s e l  ( F a z a l  et al,  2 0 1 1 ) .  B i o d i e s e l  i s  a n  

e n v i r o n m e n t a l l y  f r i e n d l y  l i q u i d  b i o f u e l  s i m i l a r  to  c o n v e n t i o n a l  p e t r o - d i e s e l  in  t e r m  

o f  f u e l  q u a l i t y  a n d  c o m b u s t i o n  c h a r a c t e r i s t i c s  ( J a i n  a n d  S h a r m a ,  2 0 1 1 ) .  F r o m  t h i s  

p o i n t  o f  v i e w ,  i t  i s  c o n s i d e r e d  a s  a  p r o m i s i n g  a l t e r n a t i v e  f u e l .

A s  s h o w n  in  T a b l e  2 .6 ,  t h e  p r o p e r t i e s  o f  b i o d i e s e l  a n d  p e t r o l e u m - b a s e d  

d i e s e l  f u e l s  a r e  c o m p a r e d .  T h i s  t a b le  s h o w s  t h a t  b io d i e s e l  p r o d u c e d  f r o m  v a r i o u s  

v e g e t a b l e  o i l s  g i v e  t h e  v i s c o s i t y  v a l u e s  c l o s e r  t o  t h o s e  o f  p e t r o l e u m - b a s e d  d i e s e l  

f u e l s .  I n  a d d i t i o n ,  c e t a n e  n u m b e r s  a n d  f l a s h  p o i n t s  o f  b i o d i e s e l  a r e  h i g h e r  t h a n  d i e s e l  

f u e l ;  w h i l e  t h e i r  h e a t i n g  v a l u e s  a r e  s l i g h t l y  lo w e r .  S i n c e ,  t h e  c h a r a c t e r i s t i c s  o f  

b i o d i e s e l  a r e  r a t h e r  s i m i l a r  to  t h o s e  o f  d i e s e l  f u e l  t h e r e f o r e ,  b i o d i e s e l  i s  e v a l u a t e d  a s  

a  s t r o n g  c a n d i d a t e  a s  a n  a l t e r n a t i v e  to  d i e s e l  f u e l .
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Table 2.6 C o m p a r i s o n  b e t w e e n  p r o p e r t i e s  o f  b i o d i e s e l  a n d  p e t r o l e u m - b a s e d  d i e s e l

f u e l  ( F u k u d a  et ah, 2 0 0 1 )

Vegetable
oil

methyl
ester

Kinetic
viscosity
(mm2/s)

Cetane
number

Lower
heating
value
(MJ/1)

Cloud
point
CO

Flash
point
CO

Density
(๙1)

Sulfur
(wt.%)

P e a n u t
4 .9

( 3 7 .8 ° C )
5 4 3 3 .6 5 1 7 6 0 .8 8 3 -

S o y b e a n
4 .5

( 3 7 .8 ° C )
4 5 3 3 .5 1 1 7 8 0 .8 8 5 -

B a b a s s u
3 .6

( 3 7 .8 ° C )
6 3 3 1 .8 4 1 2 7 0 .8 7 9 -

P a l m
5 .7

( 3 7 .8 ° C )
6 2 3 3 .5 13 1 6 4 0 .8 8 0 -

S u n f l o w e r
4 .6

( 3 7 .8 ° C )
4 9 3 3 .5 1 1 8 3 0 .8 6 0 -

R a p e s e e d
4 .2

( 4 0 ° C )
5 1 - 5 9 .7 3 2 .8 - - 0 .8 8 2 -

U s e d

r a p e s e e d

9 .4 8

( 3 0 ° C )
5 3 3 6 .7 - 1 9 2 0 .8 9 5 0 . 0 0 2

U s e d  c o m  

o i l

6 .2 3

( 3 7 ° C )
6 3 .9 4 2 .3 - 1 6 6 0 .8 8 4 0 .0 0 1 3

D i e s e l

f u e l

1 2 - 3 .5

( 4 0 ° C )
51 3 5 .5 - -

0 .8 3 0 -

0 .8 4 0
-

J I S - 2 D

( g a s  o i l )

2 . 8

( 3 0 ° C )
5 8 4 2 .7 - 5 9 0 .8 3 3 0 .0 5
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A p a r t  f r o m  t h e  s i m i l a r  c h a r a c t e r i s t i c s  b e t w e e n  b i o d i e s e l  a n d  p e t r o l e u m -  b a s e d  

d i e s e l ,  b io d i e s e l  h a s  l o t  o f  a d v a n t a g e s  o v e r  p e t r o l e u m - b a s e d  d i e s e l  w h i c h  m a k e s  i t  

m o r e  a p p l i c a b l e  a n d  m o r e  c o m p a t i b l e  t o  w o r k  w i t h  p e t r o l e u m - b a s e d .  A m o n g  t h e  

a d v a n t a g e s  o f  b i o d i e s e l  f u e l ,  s o m e  o f  t h e m  i n c l u d e  th e  f o l l o w i n g s :  s a f e  t o  u s e  i n  a l l  

c o n v e n t i o n a l  d i e s e l  e n g in e s ,  o f f e r s  t h e  s a m e  p e r f o r m a n c e  a n d  e n g i n e  d u r a b i l i t y  a s  

t h e  p e t r o l e u m - b a s e d  d i e s e l  f u e l ,  n o n - f l a m m a b l e  a n d  n o n t o x i c ,  r e d u c e s  t a i l p i p e  

e m i s s i o n s ,  v i s i b l e  s m o k e  a n d  n o x i o u s  f u m e s  a n d  o d o r s  ( B o z b a s  et a l,  2 0 0 8 ) .  I n  

a d d i t i o n ,  t h e  m a i n  a d v a n t a g e s  t h a t  h a v e  a t t r a c t e d  m a n y  v i e w s  a r e  b i o d e g r a d a b i l i t y ,  

r e n e w a b i l i t y ,  a n d  n o n t o x i c i t y ;  p a r t i c u l a r l y  f r e e  o f  s u l f u r  a n d  a r o m a t i c  c o m p o u n d s .  

T h a t  c a u s e s  b i o d i e s e l  t o  h a v e  l o w e r  e m i s s i o n s  o f  S O x, C O ,  u n b u r n t  h y d r o c a r b o n  a n d  

p a r t i c u l a t e  m a t t e r  a s  c o m p a r e d  to  p e t r o l e u m - b a s e d  d i e s e l  f u e l  ( C h e n  a n d  L u o ,  2 0 1 1 ) .

H o w e v e r ,  u s i n g  b io d i e s e l  c a n  l e a d  to  s e v e r a l  p r o b l e m s  s u c h  a s  e m i s s i o n s  o f  

n i t r o g e n  o x id e s  f r o m  c o m b u s t i o n ,  d e c r e a s e  i n  h o r s e p o w e r ,  a n d  d e g r a d a t i o n  a n d  

s o f t e n i n g  o f  t h e  r u b b e r  a n d  p l a s t i c s  in  e n g i n e .  T h e  m a i n  d i s a d v a n t a g e s  o f  b i o d i e s e l  

w h e n  c o m p a r e d  t o  d i e s e l  o i l  a r e :  h ig h  v i s c o s i t y ,  h i g h  d e n s i t y ,  a n d  l o w  v o l a t i l i z a t i o n  

( h i g h  f l a s h  p o i n t )  ( F r e i r e  et al., 2 0 1 2 ) .  B e s i d e s ,  t h e r e  a r e  s o m e  s p e c i f i c  p r o b l e m s  

r e l a t e d  t o  i t s  p r o p e r t i e s  e s p e c i a l l y  o x id a t i v e  s t a b i l i t y  a n d  c o l d  f l o w  p r o p e r t i e s .

2.4 Properties and Stability of Biodiesel

T h e r e  a r e  m a n y  p r o p e r t i e s  w h ic h  a r e  i m p o r t a n t  a n d  i n f l u e n c e d  b y  f a t t y  a c i d  

m e t h y l  e s t e r  ( F A M E )  c o m p o s i t i o n .  F o r  e x a m p l e ,  c e t a n e  n u m b e r ,  v i s c o s i t y ,  l u b r i c i t y ,  

c l o u d  p o i n t ,  p o u r  p o i n t ,  f l a s h  p o in t ,  a n d  e t c .  I n  g e n e r a l ,  s u l f u r  c o n t e n t ,  i o d i n e  v a l u e  

( I V ) ,  a n d  c o l d  f l o w  p r o p e r t i e s  a r e  m o s t ly  f o c u s e d  o n  a s  c o m p a r e d  t o  o th e r s .  F o r  

s t a b i l i t y ,  o x i d a t i v e  s t a b i l i t y  a n d  t h e n n a l  s t a b i l i t y  a r e  t h e  m o s t  c o n c e r n s  in  m a n y  

r e s e a r c h e s .

2 .4 .1  S u l f u r  C o n t e n t

G e n e r a l l y ,  m o s t  b io d i e s e l  f u e l s  h a v e  v e r y  l o w  s u l f u r  c o n t e n t  in  t h e i r  

c o m p o u n d ,  w i t h  n o  s ig n i f i c a n t  d i f f e r e n c e s  a m o n g  t h e m .  A l l  b i o d i e s e l s  a r e  w e l l  

b e l o w  t h e  s u l f u r  s p e c i f i c a t i o n  m a x i m u m  i n  A S T M  D 6 7 5 1  ( 1 5  p p m )  a n d  E N  1 4 2 1 4  

( 1 0  p p m )  ( H o e k m a n  et al., 2 0 1 2 ) .  B e c a u s e  o f  l o w  s u l f u r  c o n t e n t  in  i t s  c o m p o u n d ,  t h e
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e m i s s i o n  o f  S O x  a f t e r  b i o d i e s e l  c o m b u s t i o n  i s  a l s o  s m a l l  w h i c h  i s  m u c h  l o w e r  a s  

c o m p a r e d  t o  d i e s e l  f u e l s .

A l t h o u g h  t h e  l o w  s u l f u r  c o n t e n t  i n  b i o d i e s e l  i s  n o t  h a r m f u l  t o  h u m a n ,  

o n e  o f  t h e  m a j o r  p r o b l e m s  a s s o c i a t e d  w i t h  t h e  u s e  o f  p l a t i n u m  a n d  p a l l a d i u m  in  

h y d r o g e n a t i o n  r e a c t i o n  is  t h e i r  h i g h  s e n s i t i v i t y  t o  s u l f u r  c o m p o u n d s  t h a t  a r e  u s u a l l y  

p r e s e n t  in  f e e d s t o c k s  ( B a r b i e r  et a l,  1 9 9 0 ) .  T h e  s u l f u r  p o i s o n i n g  o f  n o b l e  m e t a l s  h a s  

b e e n  s h o w n  to  o c c u r  v i a  t w o  r o u t e s ,  ( i )  a  d i r e c t  p o i s o n i n g  o f  t h e  m e t a l  s u r f a c e  a n d

( i i )  a  s i n t e r i n g  a n d  a  g r o w t h  o f  m e ta l  p a r t i c l e s  d u e  to  a  d e c r e a s e  o f  m e t a l - s u p p o r t  

i n t e r a c t i o n s  ( S i m o n  et al, 2 0 0 3 ) .  N u m w o n g  et al. ( 2 0 1 2 )  s t u d i e d  t h e  e f f e c t  o f  

s u p p o r t  a c i d i c  p r o p e r t i e s  o n  s u l f u r  t o l e r a n c e  o f  P d  c a t a l y s t s  f o r  p a r t i a l  h y d r o g e n a t i o n  

r e a c t i o n  u s i n g  r a p e s e e d  o i l  a s  b i o d i e s e l  f e e d s t o c k .  T h e y  p r o p o s e d  t h a t  a f t e r  a d d i n g  

a d d i t i o n a l  s u l f u r ,  t h e  a c t i v i t y  d e c r e a s e d  b y  a b o u t  3 0 - 5 0  %  o f  t h e  o r i g i n a l  a c t i v i t y .  I n  

t h e  s a m e  y e a r ,  Y u  ๙  al. a l s o  s u g g e s t e d  t h a t  w e a k  a d s o r p t i o n  o f  t e t r a l i n  o n  m e t a l  s i t e  

c a u s e s  t h e  trans- d e c a l i n  i s o m e r  t o  b e  p r e f e r r e d .  I n  a d d i t i o n ,  w i t h  a  h i g h e r  s u l f u r  

c o n t e n t  in  r a p e s e e d  B D F ,  a  l o w e r  c o m p o s i t i o n  o f  f t< m s - - is o m e rs  w a s  o b t a i n e d .  T h i s  

w a s  a t t r i b u t e d  t o  a  d e c r e a s e  in  m e ta l  s i t e s ,  w i t h  t h e  h i n d r a n c e  e f f e c t ,  a f t e r  a d d i n g  

m o r e  s u l f u r ,  r e s u l t i n g  i n  a  g r e a t e r  d i f f i c u l t y  in  t h e  r o t a t i o n  o f  t h e  p a r t i a l  

h y d r o g e n a t e d  i n t e r m e d i a t e  t o  g e n e r a t e  t h e  trans-f o r m .

2 .4 .2  I o d i n e  V a l u e  ( I V )

T h e  i o d i n e  v a l u e  i s  a l s o  k n o w n  a s  i o d i n e  a d s o r p t i o n  v a l u e ,  i o d i n e  

n u m b e r ,  o r  i o d i n e  i n d e x .  T h i s  v a l u e  is  t h e  m a s s  o f  i o d i n e  in  g r a m s  t h a t  i s  c o n s u m e d  

b y  1 0 0  g r a m s  o f  a  c h e m i c a l  s u b s t a n c e .  I o d i n e  v a l u e  i s  o f t e n  u s e d  t o  m e a s u r e  t h e  

a m o u n t  o f  u n s a t u r a t e d  f a t t y  a c i d s  w h i c h  a r e  i n  t h e  f o r m  o f  d o u b l e  b o n d s .  T h e  h i g h e r  

t h e  i o d i n e  v a l u e ,  t h e  m o r e  c = c  b o n d s  a r e  p r e s e n t  i n  t h e  f a t .

A S T M  D 6 7 5 1  d o e s  n o t  i n c l u d e  a  s p e c i f i c a t i o n  f o r  I V ,  w h i l e  E N  

1 4 2 1 4  h a s  a  m a x i m u m  I V  s p e c i f i c a t i o n  o f  1 2 0  m g  o f  I 2/ I 0 0  g  F A M E .  R a p e s e e d  

b i o d i e s e l  is  j u s t  b e l o w  t h i s  v a l u e  o f  1 2 0 , w h e r e a s  s o y b e a n  a n d  s u n f l o w e r  b i o d i e s e l  

a r e  j u s t  o v e r  t h e  l im i t .  B i o d i e s e l  f r o m  c a m e l l i a  a n d  s a f f l o w e r  h a v e  e v e n  h i g h e r  I V  

l e v e l s ,  a n d  w o u l d  c l e a r l y  b e  “ o f f - s p e c ”  w i t h  r e s p e c t  t o  E N  1 4 2 1 4 ,  w h i l e  a l l  o t h e r  

b i o d i e s e l  t y p e s  i n v e s t i g a t e d  h e r e  a r e  w e l l  b e l o w  t h e  1 2 0  I V  l e v e l .  C o c o n u t - d e r i v e d
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b i o d i e s e l  i s  h ig h l y  s a t u r a t e d ,  a n d  h a s  a n  e x c e p t i o n a l l y  l o w  I V  o f  a b o u t  1 9  ( H o e k m a n  

et al. , 2 0 1 2 ).

2 .4 .3  C o l d  F l o w  P r o p e r t i e s

C o l d  f l o w  p r o p e r t i e s  o f  a  f u e l  d e f i n e d  i t s  b e h a v i o r  i n  a  g i v e n  c l i m a t e  

c o n d i t i o n s .  P a r t i a l  s o l i d i f i c a t i o n  is  t h e  r e a c t i o n  t h a t  a  f u e l  m a y  h a v e  in  c o l d  w e a t h e r  

a n d  c a n  c a u s e  c l o g g e d  f u e l  s u p p l y  l i n e s  a n d  f i l t e r s ,  w h i c h  c r e a t e s  p r o b l e m s  f o r  

e n g i n e  i g n i t i o n  ( M i t t e l b a c h  a n d  R e m s c h m i d t ,  2 0 0 6 ) .  T h e  m o s t  r e g u l a r l y  u s e d  

p a r a m e t e r s  to  d e t e r m i n e  t h e  c o l d  f l o w  p r o p e r t i e s  o f  d ie s e l  a r e  c l o u d  p o i n t  ( C P )  a t  

w h i c h  c r y s t a l l i z a t i o n  b e g i n s ,  c o l d - f i l t e r  p l u g g i n g  p o i n t  ( C F P P )  a t  w h i c h  f u e l  s t a r t s  to  

p l u g  a  f u e l  f i l t e r ,  a n d  p o u r  p o i n t  ( P P )  a t  w h i c h  f u e l  n o  l o n g e r  p o u r s  ( T a n g ,  2 0 0 8 ) .  

G e n e r a l l y ,  t h e s e  p a r a m e t e r s  m e a s u r e  t h e  t e m p e r a t u r e  a t  w h i c h  t h e  f u e l  b e g i n s  to  

h a v e  c h a n g e s  in  i ts  l i q u i d  p h a s e  a n d  i t  g e t s  c r y s t a l l i z e d ,  p r o d u c i n g  c h a n g e s  in  i ts  

f l u i d i t y  a n d  l e a d i n g  to  p e r f o r m a n c e  p r o b l e m s  ( Z u l e t a  et al., 2 0 1 2 ) .  C o l d  f l o w  

p r o p e r t i e s  o f  b io d i e s e l  a l s o  d e p e n d  o n  t h e  s t r u c t u r e  o f  a l k y l  e s t e r s .  T h e  m e l t i n g  p o i n t  

i n c r e a s e s  w i t h  c h a i n  l e n g t h  a n d  d e c r e a s e s  w i t h  t h e  i n c r e a s e  o f  d o u b l e  b o n d s .  A t  r o o m  

t e m p e r a t u r e ,  s a t u r a t e d  f a t t y  a c i d s  w i th  1 0  o r  m o r e  c a r b o n s  a r e  s o l i d ,  w h i l e  

u n s a t u r a t e d  f a t t y  a c i d s  a r e  l iq u id .  A m o n g  t h e  s a t u r a t e d  f a t t y  a c i d s ,  e v e n - c h a i n  f a t t y  

a c i d s  h a v e  h i g h e r  m e l t i n g  p o in t s  t h a n  o d d - c h a i n  f a t t y  a c i d s .  I n  a d d i t i o n ,  t h e  cis 
c o n f i g u r a t i o n s  a n d / o r  t h e  p r e s e n c e  o f  - O H  g r o u p s  in  t h e  c h a i n  s i g n i f i c a n t l y  r e d u c e  

t h e  m e l t i n g  p o i n t  ( A s a d a u s k a s  a n d  E r h a n ,  1 9 9 9 ) .

T h e  A f r i c a n  o i l  p a l m  (Elais gumehensis) i s  t h e  o i l s e e d  s p e c i e s  w i t h  

t h e  h i g h e s t  o i l  p r o d u c t i o n  p e r  h e c t a r e  ( 4  t o n / h a l f  y e a r )  ( R iv a l ,  2 0 0 7 ) .  I t  i s  t h e  m a i n  

s o u r c e  o f  b io d i e s e l  p r o d u c t i o n  in  t r o p i c a l  c o u n t r i e s .  I n  a d d i t i o n ,  t h i s  b i o d i e s e l  

p r o v i d e s  g o o d  o x i d a t i v e  s t a b i l i t y  b e c a u s e  o f  t h e  h i g h  c o n t e n t  o f  s a t u r a t e d  f a t t y  a c i d s  

a n d  n a t u r a l  a n t i o x i d a n t s .  U n f o r t u n a t e l y ,  t h i s  h i g h  c o n te n t  o f  s a t u r a t e d  f a t t y  a c i d s  

c a u s e s  p o o r  c o ld  f l o w  p r o p e r t i e s .

2 .4 .4  O x i d a t i v e  S t a b i l i t y

T h e  o x i d a t i v e  s t a b i l i t y  o f  b i o d i e s e l  is  a n o t h e r  e x t r e m e l y  i m p o r t a n t  

p r o p e r t y ,  p a r t i c u l a r l y  in  p l a c e s  w i th  w a r m  c l i m a t e ,  a s  t h i s  p r o p e r t y  p r o v i d e s  a n  

e s t i m a t e  o f  t h e  s t o r a g e  t im e  o f  b io d i e s e l  in  n o r m a l  c o n d i t i o n s .  I t  i s  t h u s  a  p a r a m e t e r  

t h a t  d e s c r i b e s  t h e  d e g r a d a t i o n  t e n d e n c y  o f  b i o d i e s e l  a n d  is  o f  g r e a t  i m p o r t a n c e  in  th e
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c o n t e x t  o f  p o s s i b l e  p r o b l e m s  w i t h  e n g in e  p a r t s .  O x i d a t i o n  o f  b i o d i e s e l  i s  d u e  to  

s e v e r a l  f a c t o r s ,  a m o n g  w h i c h ,  t h e  m o s t  i m p o r t a n t ,  a r e :  t h e  n u m b e r  o f  d o u b l e  b o n d s  

a n d  t h e  e x i s t e n c e  o f  a l l y l i c  a n d  b i s - a l l y l i c  h y d r o g e n s  ( K a r a v a l a k i s  et ai, 2 0 1 0 ) .  

E s t e r s  w i t h  l a r g e  a m o u n t s  o f  u n s a t u r a t e d  f a t t y  a c i d s  a r e  m u c h  m o r e  s u s c e p t i b l e  to  

o x i d a t i o n  t h a n  t h o s e  t h a t  a r e  r i c h  in  s a t u r a t e d  f a t t y  a c i d s  ( F r e i r e  et a l,  2 0 1 2 ) .  

O x i d a t i o n  i s  a  v e r y  c o m p l e x  p r o c e s s  w h ic h  i n v o l v e s  w i t h  s e v e r a l  s t a g e s  i n c l u d i n g  

i n i t i a t i o n ,  p r o p a g a t i o n ,  a n d  t e r m i n a t i o n ,  a s  r e p r e s e n t e d  in  F i g u r e  2 .4 .

Initiation RH -> R#
Propagation R* + 0 2 — ROO*

ROO* + RH —* ROOH + R*
Termination R#, ROO* —*■ Stable products

Figure 2.4 S t a g e s  i n v o l v e d  in  o x i d a t i o n  o f  l i p i d s  ( Z u l e t a  et al, 2 0 1 2 ) .

A f t e r  t h e  o x i d a t i o n  r e a c t i o n  p r o c e e d s ,  t h e  m a i n  o x i d a t i o n  p r o d u c t s  a r e  

p e r o x i d e s  a n d  h y d r o p e r o x i d e s .  D u r i n g  f u r t h e r  d e g r a d a t i o n ,  t h e s e  p r o d u c t s  f o r m  

s h o r t e r - c h a i n  c o m p o u n d s  s u c h  a s  l o w  m o l e c u l a r  w e i g h t  a c i d s ,  a l d e h y d e s ,  k e t o n e s ,  

a n d  a l c o h o l  ( T a n g  et ah, 2 0 0 8 ) .  T h e  a p p e a r a n c e  o f  a l c o h o l s  d e c r e a s e s  t h e  f l a s h  p o i n t ,  

w h e r e a s  t h e  a p p e a r a n c e  o f  a c i d s  i n c r e a s e s  th e  t o t a l  a c i d i t y  a n d  t h e  r i s k  o f  c o r r o s i o n .  

F u r t h e r  r e a c t i o n s  w i t h  t h e  u n s t a b l e  h y d r o p e r o x i d e  s p e c i e s  w i t h  a n o t h e r  f a t t y  a c i d  

c h a i n  m a y  f o r m  h i g h  m o l e c u l a r  w e i g h t  m a t e r i a l s  s u c h  a s  d i m e r  o r  t r i m e r  a c i d s  w h i c h  

m a y  l e a d  t o  f d t e r  b l o c k i n g ,  i n j e c t o r  f a i l u r e s  a n d  d e p o s i t  f o r m a t i o n  ( K a r a v a l a k i s  

et ah, 2 0 1 0 ) .  Z u l e t a  et al. ( 2 0 1 2 )  s tu d i e d  a b o u t  o x i d a t i v e  s t a b i l i t y  a n d  c o l d - f i l t e r  

p l u g g i n g  p o i n t s  ( C F P P )  o f  b l e n d s  o f  b io d i e s e l  f r o m  p a l m ,  s a c h a - i n c h i ,  j a t r o p h a ,  a n d  

c a s t o r  o i l s .  T h e y  f o u n d  t h a t  a  h i g h e r  c o n te n t  o f  p o l y u n s a t u r a t e d  m e t h y l  e s t e r s  

d e c r e a s e s  t h e  o x i d a t i v e  s t a b i l i t y  a n d  a  h i g h e r  c o n t e n t  o f  s a t u r a t e d  m e t h y l  e s t e r s  

i n c r e a s e s  t h e  C F P P .  F o r  t h e i r  e x p e r i m e n t ,  o x i d a t i o n  s t a b i l i t y  v a r i e s  in  t h e  s e q u e n c e  

o f  c a s t o r > p a l m > j a t r o p h a > s a c h a - i n c h i .  A s  f o r  t h e  c o l d  f l o w  p r o p e r t i e s ,  t h e  C F P P  

v a r i e s  i n  t h e  o r d e r  s a c h a - i n c h i > c a s t o r > j a t r o p h a > p a l m .  C a s t o r  o i l  b io d i e s e l  h a s  a  

C F P P  ( - 7  ๐C )  s l i g h t l y  l o w e r  t h a n  t h e  m e l t i n g  p o i n t  o f  m e th y l  r i c i n o l e a t e  ( - 5 .8 5  ๐C )  

w h i c h  i s  e x p l a i n e d  b e c a u s e  t h i s  b io d i e s e l  is  m o s t l y  m a d e  o f  t h i s  m e t h y l  e s t e r
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( 8 9 .4  % ) .  T h e r e f o r e ,  t h e  p r e s e n c e  o f  s m a l l  a m o u n t s  ( 8 . 6  % )  o f  u n s a t u r a t e d  m e t h y l  

e s t e r s  ( o l e a t e ,  l i n o l e a t e ,  a n d  l i n o l e n a t e )  c o n t r i b u t e s  to  t h e  l o w e r i n g  o f  C F P P .

S i n c e  t h e s e  f u e l  i n s t a b i l i t i e s  c a n  i n c r e a s e  th e  f o r m a t i o n  o f  u n w a n t e d  

s u b s t a n c e s  i n  b i o d i e s e l  a n d  i t s  b l e n d ,  w h e n  s u c h  f u e l  is  u s e d ,  f o r  e x a m p l e ,  i t  

d i m i n i s h e s  t h e  e n g i n e  p e r f o r m a n c e  d u e  t o  f u e l  f i l t e r  p lu g g i n g ,  i n j e c t o r  f o u l i n g ,  a n d  

d e p o s i t  f o r m a t i o n  in  e n g i n e  c o m b u s t i o n  c h a m b e r .  T h e r e f o r e ,  t h e  m e t h o d  to  i n c r e a s e  

b i o d i e s e l  s t a b i l i t y  is  i m p o r t a n t .  A m o n g s t  v a r i o u s  t y p e s  o f  m e t h o d ,  p a r t i a l  

h y d r o g e n a t i o n  i s  w i d e l y  u s e d  in  o r d e r  t o  i m p r o v e  t h e  o i l  p r o p e r t i e s  a n d  s t a b i l i t y .

2.5 Partial Hydrogenation

T h e  p a r t i a l  h y d r o g e n a t i o n  o f  v e g e t a b l e  o i l s  i s  o f  t h e  s p e c i a l  i n t e r e s t  i n  t h e  

p r o c e s s  o f  m o d i f i c a t i o n  o f  e d i b l e  f a t s  a n d  o i l s .  T h e  f i r s t  p u r p o s e  o f  t h i s  p r o c e s s  i s  to  

c h a n g e  t h e  n o r m a l  l iq u i d  o i l  i n t o  a  s e m i s o l i d  p r o d u c t  w i t h  a  d e s i r e d  c o n s i s t e n c y  i n  a  

c e r t a i n  t e m p e r a t u r e  r a n g e .  T h e  s e c o n d  o n e  is  to  r e d u c e  t h e  d i e n e  a n d  t r i e n e  c o n t e n t s  

o f  t h e  p r o d u c t  to  a  m i n i m u m ,  th u s  c o n t r i b u t i n g  to  t h e  s t a b i l i t y  o f  t h e  p r o d u c t  a g a i n s t  

o x i d a t i v e  r a n c i d i t y  ( G a b r o v s k a  et al. , 2 0 0 6 ) .

T h i s  i s  a  c h e m i c a l  p r o c e s s  b y  w h i c h  h y d r o g e n  i s  a d d e d  to  a  c a r b o n - c a r b o n  

d o u b l e  b o n d  i n  t h e  g l y c e r i d e s  o f  a n  o i l  m o l e c u l e  ( M  et al. , 2 0 1 1 ) .  T h e  r e a c t i o n  t a k e s  

p l a c e  in  t h e  p r e s e n c e  o f  a  c a t a l y s t ,  u s u a l l y  R a n e y  n ic k e l  o r  N i  s u p p o r t e d  o n  s i l i c a  o r  

a l u m i n a .  H o w e v e r ,  N i  i s  k n o w n  t o  h a v e  t o x i c i t y  i f  n o t  c o m p l e t e l y  r e m o v e d  

e s p e c i a l l y  u s i n g  in  c o n v e n t i o n a l  i n d u s t r i a l  p r o c e s s e s .  I n  a d d i t i o n ,  t h e  trans- f a t t y  a c i d  

c o n t e n t  f r o m  i n d u s t r i a l  p r o c e s s e s  u s i n g  N i  is  r e l a t i v e l y  h ig h .  T h e  u s e  o f  c a t a l y s t  c a n  

b e  d i v i d e d  i n t o  2  t y p e s :  h o m o g e n e o u s  c a t a l y s t s  a n d  h e t e r o g e n e o u s  c a t a l y s t s .  

H e t e r o g e n e o u s  c a t a l y s t s  h a v e  s e v e r a l  a d v a n t a g e s  o v e r  h o m o g e n e o u s  o n e s ,  i n c l u d i n g  

s e p a r a t i o n ,  r e c o v e r y ,  e a s e  o f  h a n d l i n g  a n d  r e c y c l i n g ,  a n d  s t a b i l i t y  ( H i n d l e  et al., 
2 0 0 6  a n d  Q i u  et al., 2 0 1 1 ) .  T h e r e f o r e ,  t h e y  a r e  w i d e l y  u s e d .

A s  s h o w n  in  F i g u r e  2 .5 ,  t h e  p a r t i a l  h y d r o g e n a t i o n  o f  p o l y u n s a t u r a t e d  m e t h y l  

e s t e r s  o f  l i n s e e d  ( M E L O ) ,  s u n f l o w e r  ( M E S O ) ,  a n d  s o y b e a n  o i l s  ( M E S B O )  t o  t h e i r  

m o n o u n s a t u r a t e d  ( C l 8 :1 )  c o u n t e r p a r t s  c a t a l y z e d  b y  R h / T P P T S  c o m p l e x e s  in  

a q u e o u s / o r g a n i c  t w o - p h a s e  s y s t e m s .  T h e  t e r m  “ r e g i o m e r s ”  r e f e r s  t o  a l l  r e g i o - i s o m e r s  

o b t a i n e d  f r o m  h y d r o g e n a t i o n  a n d / o r  p o s i t i o n a l  i s o m e r i z a t i o n  ( a l o n g  t h e  c a r b o n



2 2

c h a i n )  r e a c t i o n s  a n d  a l l  o t h e r  g e o m e t r i c  i s o m e r s  f o r m e d  v i a  cis/trans i s o m e r i z a t i o n  

r e a c t i o n s .  T h e  r e s u l t s  s h o w e d  t h a t  t h e  p a r t i a l  h y d r o g e n a t i o n  g iv e s  h i g h  s e l e c t i v i t i e s  

u p  to  7 9 .8  m o l %  o f  C l 8 :1  e s t e r s  w h i c h  is  u p g r a d e d  a s  t h e  1st g e n e r a t i o n  b i o d i e s e l  

f u e l  o f  i m p r o v e d  o x i d a t i v e  s t a b i l i t y  ( B o u r i a z o s  et al., 2 0 1 0 ) .

Figure 2.5 S e l e c t i v e  h y d r o g e n a t i o n  o f  p o l y u n s a t u r a t e d  m e th y l  e s t e r s  o f  l i n s e e d  
( M E L O ) ,  s u n f l o w e r  ( M E S O )  a n d  s o y b e a n  o i l s  ( M E S B O )  ( B o u r i a z o s  et a l,  2 0 1 0 ) .

T h e  q u a l i t y  a n d  p h y s i c a l  p r o p e r t i e s  o f  t h e  h y d r o g e n a t e d  o i l  a r e  n o t  o n l y  

g r e a t l y  i n f l u e n c e d  b y  t h e  n u m b e r  o f  d o u b l e  b o n d s  p r e s e n t  b u t  a l s o  b y  t h e  cis-trans- 
i s o m e r s  o f  f a t t y  a c id s .  D u r i n g  t h e  h y d r o g e n a t i o n ,  t h e  m o n o u n s a t u r a t e d  f a t t y  a c i d s  

o r i g i n a l l y  p r e s e n t  o r  f o r m e d  a s  p r o d u c t s  m a y  i s o m e r i z e  to  f o r m  t h e  trans- f a t t y  

a c i d s ,  w h i c h  a r e  n u t r i t i o n a l l y  i n f e r i o r  t o  t h e  n a t u r a l l y  o c c u r r i n g  m - i s o m e r s .  T h e  

tra n s- f a t t y  a c i d s  ( T F A )  h a v e  b e e n  r e p o r t e d  to  b e  u n f a v o r a b l e  to  h u m a n  d i e t  d u e  t o  

u n d e s i r a b l e  h e a l t h  e f f e c t s .  I t  is  a s s o c i a t e d  w i th  i n c r e a s e d  r i s k  o f  c o r o n a r y  h e a r t  

d i s e a s e  ( C H D ) .  S t u d i e s  o n  d i e t a r y  f a t  i n t a k e  s u g g e s t  a  f o u r -  t o  f i v e - f o l d  h i g h e r  r i s k  o f  

C H D  p e r  g r a m  o f  T F A  t h a n  p e r  g r a m  o f  s a t u r a t e d  f a t  ( M o z a f f a r i a n  et a i ,  2 0 0 6 ) .  

S e v e r a l  p u b l i c  h e a l t h  o r g a n i z a t i o n s  h a v e  c o n s e q u e n t l y  r e c o m m e n d e d  t h a t  t h e  i n t a k e  

o f  T F A  s h o u l d  b e  l o w e r e d  a s  m u c h  a s  p o s s i b l e  ( S t e n d e r  a n d  D y e r b e r g ,  2 0 0 3 ) .  T h i s  

c a u s e s  t h e  i n c r e a s e d  d e m a n d  f o r  r e d u c t i o n  o f  trans- f a t t y  a c id  f o r m a t i o n  d u r i n g  

h y d r o g e n a t i o n .
T o  r e p l a c e  t h e  s u p p o r t e d  N i  c a t a l y s t s ,  s u p p o r t e d  n o b l e  m e t a l s  c a t a l y s t s  h a v e  

b e e n  t r i e d  a s  s u b s t i t u t e s .  T h e  u s e  o f  n o b l e  m e t a l s  p r o v i d e  m o r e  a c t i v e  a n d / o r  m o r e
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s e l e c t i v e  a s  c o m p a r e d  t o  N i .  T h e  o t h e r  a d v a n t a g e s  o f  s u p p o r t e d  n o b l e  m e t a l  c a t a l y s t s  

a r e  m i l d  p r o c e s s  c o n d i t i o n s ,  e a s y  s e p a r a t i o n ,  a n d  b e t t e r  h a n d l i n g  p r o p e r t i e s .  T h e  

m o s t  c o m m o n l y  r e p o r t e d  a s  a c t i v e  c a t a l y s t s  a r e  p l a t i n u m  ( P t )  a n d  p a l l a d i u m  ( P d ) .  

T h e  e s t a b l i s h e d  o r d e r  f o r  i n c r e a s i n g  trans f o r m a t i o n  a m o n g s t  a l l  r e p o r t e d  o i l  

h y d r o g e n a t i o n  c a t a l y s t s  i s :  P t < R h < I r < N i < P d < C u  ( V e l d s i n k  et al, 1 9 9 7 ) .

I n  2004, N o h a i r  a n d  c o - w o r k e r s  s tu d i e d  t h e  s e l e c t i v e  h y d r o g e n a t i o n  o f  e t h y l  

e s t e r s  o f  t r a d i t i o n a l  s u n f l o w e r  o i l  ( S O E E )  i n  t h e  p r e s e n c e  o f  m o n o m e t a l l i c  c a t a l y s t s  

c o n t a i n i n g  n o b l e  m e t a l s  ( P d ,  P t ,  R u )  s u p p o r t e d  o v e r  s i l i c a .  T h e y  r e p o r t e d  t h a t  t h e  

a c t i v i t y  d e c r e a s e s  i n  t h e  o r d e r  P d > P t > R u  a t  40 °c u n d e r  1 0  b a r  o f  h y d r o g e n .  

H o w e v e r ,  t h e  t h r e e  n o b l e  m e t a l s  a r e  n o t  s e l e c t i v e  in  cis o l e i c  i s o m e r  s in c e  trans o l e i c  

a n d  s t e a r i c  d e r i v a t i v e s  w e r e  p r o d u c e d  in  l a r g e  a m o u n t s .

M c A r d e l  et al. ( 2 0 1 1 )  s tu d i e d  t h e  s e l e c t i v e  h y d r o g e n a t i o n  o f  s u n f l o w e r  o i l  

u s i n g  a  v a r i e t y  o f  h e t e r o g e n e o u s  c a t a l y s t s .  T h e  r e a c t i o n  w a s  c a r r i e d  o u t  in  a  b a t c h  

r e a c t i o n  a t  1 7 0  °c u n d e r  3 b a r .  P a l l a d i u m  a n d  P l a t i n u m  s u p p o r t e d  o n  A I 2O 3 , ZrC>2 , 

a n d  T iC >2 w e r e  s c r e e n e d .  F r o m  t h e  e x p e r i m e n t ,  t h e y  f o u n d  t h a t  P d  b a s e d  c a t a l y s t s  a r e  

m o r e  a c t i v e  t h a n  t h e  c o n v e n t i o n a l  N i  c a t a l y s t  a n d  P t  b a s e d  c a t a l y s t s  f o r  t h e  

h y d r o g e n a t i o n  o f  v e g e t a b l e  o i l .  H o w e v e r ,  t h e  P t - b a s e d  c a t a l y s t s  in  g e n e r a l  p r o d u c e d  

l e s s  trans- f a t t y  a c i d s  d u r i n g  h y d r o g e n a t i o n .  T h e  l e v e l  o f  trans c o u l d  b e  f u r t h e r  

r e d u c e d  b y  i n c r e a s i n g  t h e  o p e r a t i n g  p r e s s u r e  to  1 0  b a r  a n d  r e d u c i n g  t h e  r e a c t i o n  

t e m p e r a t u r e  t o  1 0 0  °c. T h e  r e d u c t i o n  in  trans f o r m a t i o n  w a s  m o s t  s i g n i f i c a n t  f o r  t h e  

P t  b a s e d  c a t a l y s t .

T h e r e  a r e  m a n y  r e s e a r c h e s  w h i c h  s tu d i e d  a b o u t  t h e  e f f e c t  o f  s u p p o r t  o n  

a c t i v i t y  a n d  s e l e c t i v i t y  o f  m e t a l  s u p p o r t e d  c a t a l y s t s ,  f o r  e x a m p l e ,  F e r n a n d e z  a n d  c o ­

w o r k e r s  (2009) r e p o r t e d  t h a t  P d  c a t a l y s t s  s h o w e d  a  h i g h e r  a c t i v i t y ,  s i m i l a r  trans- 
i s o m e r  f o r m a t i o n ,  a n d  w e r e  m o r e  s e l e c t i v e  t o w a r d s  m o n o u n s a t u r a t e d  f a t t y  a c i d  

f o r m a t i o n  t h a n  N i  c a t a l y s t s .  O n  t h e  o t h e r  h a n d ,  u n d e r  t h e  s t u d i e d  o p e r a t i n g  

c o n d i t i o n s  (100 °c a n d  4.135 b a r  f o r  1 h , u s in g  250 c m 3 o f  c o m m e r c i a l  r e f i n e d  

s u n f l o w e r  o i l ) ,  t h e  d i f f e r e n t  s u p p o r t s  d i d  n o t  i m p r o v e  s i g n i f i c a n t l y  t h e  s e l e c t i v i t y  o r  

th e  a c t i v i t y  o f  t h e  r e a c t i o n .  I n  a d d i t i o n ,  t h e y  f o u n d  t h a t  m o s t  P d  p a r t i c l e s  (2-4.5 n m )  

w e r e  n o t  l o c a t e d  in  t h e  m i c r o p o r e s  o f  t h e  s a m p l e s ,  s u g g e s t i n g  t h a t  t h e  m i c r o p o r o s i t y  

d id  n o t  a f f e c t  t h e  a c t i v i t y  o f  t h e  c a t a l y s t s .  T h i s  s tu d y  s u p p o r t e d  t h e  w o r k  d o n e  b y
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Nohair e t a l. (2005). They studied the selective hydrogenation of ethyl esters of 
sunflower oil (SOEE) in the presence of supported Pd catalysts at low temperature 
(40 °C) in ethanol as solvent. They found that the use of various oxide supports (a- 
AI2O3, y-A120 3, TiC>2 , MgO, ZnO, CeC>2 , CeZrÛ2) to deposit palladium did not 
improve the selectivity of the reaction toward the c is  C l8:1 compared to Pd/SiC>2 

catalysts.
Although the types of support do not significantly influence the activity and 

selectivity of the hydrogenation reaction, the pore size and shape of support have an 
effect on it. Jonker e t al. (1998) reported that the transport limitations on the 
hydrogenation and the oil have a strong influence on both the selectivity and the 
activity. Therefore, an adequately porous support is required to facilitate the transfer 
of bulky triglyceride molecules and hydrogen to active sites on the catalyst (McArdle 
e t a l., 2 0 1 0 ).

The use of suitable porous support is supported by several researches. For 
example, Màki-Arvela et al. (2008) studied about the catalytic hydrogenation using 
different Pd- and Ru-supported catalysts. The result showed that supported Ru was 
more prone to deactivation by coking than Pd. In addition, they reported that the use 
of mesoporous structure of the catalyst was preferable to achieve fast hydrogenation 
of the intermediate products, thus promoting the formation of stearic acid.

Furthermore, Tamai and co-workers (2009) prepared the Pd supported on 
microporous and mesoporous activated carbons in order to investigate their catalytic 
activities for the hydrogenation of methyl linoleate. They found that the mesopore 
surface area volume decreased with supporting Pd particles. The amounts of Pd 
particles supported on mesoporous supports are higher than those on microporous 
one. From this point, Pd supported mesoporous exhibited the higher catalytic 
activities than microporous support catalyst.

The mesoporous material has a elaborate framework which came from the 
co-operative assembly of an inorganic precursor, for example, a silica source with an 
organic structure directing template. By using surfactant as a templating agent gives 
the advantage of capability to adjust the surface properties directly through the 
addition of organic modifiers. Because of the advantage of tailored structural
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properties, the use of these mesoporous materials, particularly silica, as catalysts in 
the oils and fats industry is growing (Mbaraka and Shanks, 2006). In addition, there 
are many authors that are using solid mesoporous silica support in their works such 
as Plourde e t a l. (2004), Cepeda and Calvo (2008), and Belkacemi e t a l. (2006).

The most popular family of mesoporous molecular sieves is named MCM-41. 
These supports have already been used for the transition metals, such as Ni, Pt, Pd, 
and Cu, and the obtained materials have been applied in several processes for 
example, desulfurization, deodorization, and selective oxidation (พ ojcieszak e t a l ,
2004). MCM-41 material exhibits extremely interesting textural properties (high 
specific surface area in the 600-1000 m2/g) and possesses a hexagonal arrangement 
of uniformly sized unidimensional mesopores (homogeneous pore diameter from 1.5 
to 10 nm), which are required when bulkier molecules need to be processed 
(Wojcieszak e t a l., 2004 and Nava e t a l., 2009). However, mesoporous MCM-41- 
type silica, with a uniform pore diameter of 3.5 nm, is almost inactive, because the 
small number of acid sites strong enough to catalyze the hydrogenolysis/ring- 
opening reactions. Therefore, the introduction of heteroatoms (such as Al, Ti, or Zr) 
into the siliceous framework is applied to increase the acidity of mesoporous solids 
(Albertazzi e t a l., 2004). In 2003, Albertazzi and co-workers investigated the 
behavior of single noble-metal ions inserted in a mesoporous MCM-41 
aluminosilicate framework for hydrogenation of naphthalene. In their work, the 
acidity and dimensions of the uniform system of channels was tailored by 
selecting the Si:Al ratio and the dimension of the template, respectively. 
Furthermore, MCM-41 also has another important advantage over zeolitic materials, 
that is a lower strength of acidic OH groups than those in zeolites. Therefore, it 
leads to lower coke formation when using MCM-41 as supports.

Apart from MCM-41, mesoporous silicon dioxide (SiÛ2) is also broadly used 
because it is not expensive as well as there is an easy and cheap way for its 
preparation. In addition, it is highly robust and has higher long term stability 
compared with the zeolitic materials. Besides, the work done by Hoelderich and 
co-workers demonstrated that the cheap silica support performs similar properties 
and yields as the very expensive MCM-41 based catalysts. Moreover, the use of SiC>2 

support was sustained by Yingxin e t a l., 2007’s work. They studied the effects of
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various supports (SiC>2, TiC>2 , Y-AI2O3 , MgO, and diatomite carriers) on the activity 
of supported nickel catalysts for hydrogenation of m-dinitrobenzene to 
m-phenylenediamine. The results showed that, among the catalysts tested, SiC>2 

supported Ni catalyst exhibited highest activity and selectivity towards 
m-phenylenediamine. Higher activity could be attributed to the weaker metal-support 
interaction due to Ni species present as crystallized Ni metal particles.
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