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2.1 B iodiesel

B i o d i e s e l  h a s  b e e n  d e f in e d  a s  th e  m o n o a l k y l  e s t e r s  o f  l o n g - c h a i n  fa t ty  a c id s  

d e r iv e d  f r o m  r e n e w a b le  f e e d s t o c k s ,  s u c h  a s  v e g e t a b l e  o i l s  o r  a n im a l  fa t s ,  fo r  u s e  in  

c o m p r e s s i o n - i g n i t i o n  ( d i e s e l )  e n g in e s .  It i s  u s u a l l y  p r o d u c e d  b y  t r a n s e s t e r i f ic a t io n  

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

m o le c u la r  w e i g h t  a l c o h o l ,  s u c h  a s  e t h a n o l  a n d  m e t h a n o l .  D u r in g  t h is  p r o c e s s ,  th e  

t r ig ly c e r id e  m o l e c u l e  f r o m  v e g e t a b le  o i l  i s  r e m o v e d  in  t h e  fo r m  o f  g ly c e r in .  O n c e  th e  

g ly c e r in  i s  r e m o v e d  f r o m  th e  o i l  th a t  i s  a  l iq u id  f u e l  s im i la r  t o  p e t r o le u m  d i e s e l  in  

c o m b u s t io n  p r o p e r t ie s .  W h i le  th e  p e t r o le u m  a n d  o t h e r  f o s s i l  f u e l s  c o n t a in  a  lo t  o f  

s u l f u r s ,  r i n g  m o l e c u l e s  a n d  a r o m a t ic s ;  b u t  b i o d i e s e l  m o l e c u l e s  a r e  v e r y  s im p le  

h y d r o c a r b o n  c h a in s  a n d  f r e e  o f  s u l f u r s ,  m a k in g  it  a  c l e a n e r  b u r n in g  f u e l  th a n  

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

1 0  t o  1 1 %  o x y g e n  b y  w e i g h t ,  w h i c h  m a y  e n c o u r a g e  m o r e  c o m b u s t io n  th a n  

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

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

h y d r o c a r b o n s ,  n itr a te d  p o l y c y c l i c  a r o m a t ic  h y d r o c a r b o n s ,  a n d  p a r t ic u la t e  m a tte r . T h e  

u s e  o f  b i o d i e s e l  d e c r e a s e s  th e  s o l i d  c a r b o n  f r a c t io n  o f  p a r t ic u la t e  m a tte r ,  w h i c h  th e  

o x y g e n  in  b i o d i e s e l  e n a b l e s  m o r e  c o m p l e t e  c o m b u s t io n  t o  C O 2 a n d  r e d u c e s  th e  

s u l f a t e  f r a c t io n ,  w h i l e  t h e  s o lu b le ,  o r  h y d r o c a r b o n  f r a c t io n  s t a y s  th e  s a m e  o r  

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

a s  d i e s e l  o x id a t io n  c a t a ly s t s .  E m i s s io n s  o f  n i t r o g e n  o x i d e s  in c r e a s e  w i t h  th e  

c o n c e n t r a t io n  o f  b i o d i e s e l  in  th e  f u e l .  T a b le  2 .1  s h o w s  th e  g e n e r a l  p r o p e r ty  o f  

b i o d i e s e l .
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T able 2.1 G e n e r a l  p r o p e r ty  o f  b i o d i e s e l

Property B iod iesel
S p e c i f i c  g r a v ity  ( k g /L ) 0 . 8 7 - 0 . 8 9

C e t a n e  n u m b e r 4 6 - 7 0
C lo u n d  p o in t  ( K ) 2 6 2 - 2 8 9

P o u r  p o in t  (K ) 2 5 8 - 2 8 6
F la s h  p o in t  ( K ) 4 0 8 - 4 2 3

S u lf u r  (w t% ) 0 . 0 0 0 0 - 0 . 0 0 2 4
A s h  (w t% ) 0 .0 0 2 - 0 .0 1

I o d in e  n u m b e r 6 0 - 1 3 5
K in e m a t ic  v i s c o s i t y ,  3 1 3  K 3 .7 - 5 .8

H ig h e r  h e a t in g  v a lu e ,  M J /k g 3 9 .3 - 3 9 .8

2.2 V egetab le O ils

V e g e t a b l e  o i l s  a re  s u b s t a n c e s  d e r iv e d  f r o m  p la n t s ,  th a t  a re  c o m p o s e d  o f  

t r ig ly c e r id e s .  N o r m a l l y ,  o i l s  a re  . l iq u id  a t r o o m  t e m p e r a tu r e ,  a n d  fa t s  a re  s o l id ;  a  

d e n s e  b r it t le  fa t  i s  c a l l e d  a  w a x .  A l t h o u g h  m a n y  d i f f e r e n t  p a r t s  o f  p la n t s  m a y  y ie ld  

o i l ,  in  a c tu a l  c o m m e r c i a l  p r a c t ic e  o i l  i s  e x t r a c t e d  p r im a r i ly  f r o m  t h e  s e e d s  o f  o i l s e e d  

p la n t s .  V e g e t a b l e  o i l  c o m e s  in  v e r y  m a n y  s h a p e s  a n d  s i z e s ,  w i t h  v a r y in g  p r o p e r t ie s .  
T h e  m o s t  im p o r ta n t  c o n s id e r a t io n  i s  m e l t i n g  p o in t .  T h e  a c tu a l  v e g e t a b l e  o i l  m o le c u l e  

i s  c o m p o s e d  o f  th r e e  l o n g  c a r b o n  c h a in s  o n  a  g ly c e r o l  'b a c k b o n e '  a n d  th e  p r o p e r t ie s  

a re  d e t e r m in e d  b y  t h e  in d iv id u a l  ' fa tty  a c id '  c h a in s .  V e g e t a b l e  o i l s  c o m p r is e  o f  9 0  to  

9 8 %  t r ig ly c e r id e s  a n d  s m a l l  a m o u n ts  o f  m o n o -  a n d  d i - g l y c e r i d e s .  T h e y  c o n t a in  fr e e  

fa t ty  a c id s  ( g e n e r a l l y  1 to  5 % ) a n d  t r a c e s  o f  w a t e r  ( S r iv a s t a v a  a n d  P r a s a d , 2 0 0 0 ) .  
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 ig ly c e r id e s ,  h a v e  t h e  c h e m ic a l  s t r u c tu r e  a s  g i v e n  in  

F ig u r e .  2 .1 .  T h e r e  a r e  fo u r  m a jo r  t e c h n iq u e s  ( d i lu t io n ,  m i c r o e m u l s io 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 ic a t io n  m o d i f i c a t i o n  t e c h n iq u e s )  a s  w e l l  a s  t h e  d ir e c t  u s e  o f  th e  o i l  a re  

u s e d  f o r  v i s c o s i t y  r e d u c t io n  ( V y a s  et a l., 2 0 1 0 ) .  M i c r o e m u l s i o n s  w i t h  a l c o h o l s  h a v e  

b e e n  p r e p a r e d  t o  O v e r c o m e  th e  p r o b le m  o f  h ig h  v i s c o s i t y  o f  v e g e t a b l e  o i l s .  P y r o ly s i s  

o r  c r a c k in g ,  d e f in e d  a s  th e  c l e a v a g e  o f  l o n g e r  t o  s m a l l e r  m o l e c u l e s  b y  th e r m a l  
e n e r g y ,  o f  v e g e t a b l e  o i l s  o v e r  c a t a ly s t s  h a s  b e e n  i n v e s t ig a t e d .  T r a n s e s t e r i f i c a t io n  

p r o c e s s  h a s  b e e n  w i d e l y  u s e d  to  r e d u c e  t h e  h ig h  v i s c o s i t y  o f  t r ig ly c e r id e s  w h i l e  

e s t e r i f i c a t io n  i s  t h e  s u b  c a t e g o r y  o f  t r a n s e s t e r i f ic a t io n .
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S o m e  a d v a n t a g e s  o f  v e g e t a b l e  o i l s  a r e  f o l l o w i n g :  a v a i l a b l e  in  a lm o s t  e v e r y  

p a rt o f  th e  w o r ld ,  r e n e w a b le  s in c e  th e  v e g e t a b l e s  f r o m  o i l  s e e d s  c a n  b e  p la n t e d  a n d  

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

fu e l  b e c a u s e  t h e  f u e l  d e r iv e d  f r o m  th e  o i l s  c o n t a in s  n o  o r  t h e  l e a s t  s u l f u r s  e l e m e n t ,  
a n d  h e lp  in  C O 2 f i x a t io n  d u r in g  p h o t o s y n t h e s i s  ( H e lw a n i  et a l ,  2 0 0 9 ) .  B u t  th e r e  a re  

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

d e v e lo p m e n t  o f  a lt e r n a t iv e  f u e l s  a l t h o u g h .  T h e r e  h a v e  b e e n  m a n y  p r o b le m s  

a s s o c ia t e d  w i t h  u s i n g  it  d ir e c t ly  in  d i e s e l  e n g i n e s  e s p e c i a l l y  in  d ir e c t  in j e c t io n  

e n g i n e .  T h e s e  p r o b le m s  a re  a s s o c i a t e d  w i t h  la r g e  t r ig ly c e r id e ;  m o l e c u l e  a n d  i t s  h ig h e r  

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

b i o d i e s e l ,  w h i c h  i s  s im i la r  in  c h a r a c t e r i s t ic s  t o  d i e s e l  ( E n w e r e m a d u  a n d  M b a r a w a ,
2 0 0 9 ) .  O th e r  d i s a d v a n t a g e s  t o  t h e  u s e  o f  v e g e t a b l e  o i l s  a n d  e s p e c i a l l y  a n im a l  fa t s  a re  

th e  h ig h  v i s c o s i t y  (a b o u t  1 1 - 1 7  t i m e s  h ig h e r  th a n  d i e s e l  f u e l )  a n d  lo w e r  v o la t i l i t i e s  

th a t  c a u s e s  th e  f o r m a t io n  o f  d e p o s i t s  in  e n g i n e s  d u e  t o  i n c o m p le t e  c o m b u s t io n  a n d  

in c o r r e c t  v a p o r iz a t io n  c h a r a c t e r i s t ic s  ( M e h e r  et a l . , 2 0 0 6 ) .

11 j j _R 1— c — o — C H 2

 ̂ r2_I_0_R2-----c ---- 0 — ÇH + 3H20
O

r 3— C — 0 — c h 2

Triglyceride 3 Watîr

F i g u r e  2 .1  F o r m a t io n  o f  t r i g ly c e r id e  ( S r iv a s t a v a  a n d  P r a s a d , 2 0 0 0 ) .

F r o m  F ig 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 in  o f  c a r b o n  a t o m s  w it h  

h y d r o g e n  a t o m s  a t ta 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 lt  in  d i f f e r e n c e s  o f  

fa t ty  a c id s  w h i c h  g ly c e r o l  b a c k b o n e  w i l l  b e  c o m b i n e d .  F a t ty  a c id s  v a r y  in  th e ir  

c a r b o n  c h a in  le n g t h  a n d  in  th e  n u m b e r  o f  d o u b le  b o n d s .  T h is  r e a s o n  l e a d s  to  m a k e  

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

t-1---- I - f - O H  H-
0  :...................II ...........

-o— ch2

R2 1—fo H  H - i - 0  CH
o  '■

R3----( น ุOH น ุ- 0 ---- CH2

3 Fa:ty acids Glycerol
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T able 2.2 C h e m ic a l  c o m p o s i t io n  o f  v e g e t a b l e  o i l s  ( S r iv a s t a v a  a n d  P r a s a d , 2 0 0 0 )

oils are stearic, palmitic, oleic, linoleic, and linolenic. Name and chemical structure
o f common fatty acids are shown in Table 2.2.

Fatty acid System atic nam e S tru ctu re2 Form ula
L a u r ie D o d e c a n o ic . 1 2 : 0 C 12H 2 4 O2

M y r is t ic T e t r a d e c a n o ic 1 4 :0 C 14H 2 8 O 2

P a lm it ic H e x a d e c a n o ic 1 6 :0 c I6h 32 0 2

S t e a r ic O c t a d e c a n o ic 1 8 :0 C 18H3 6 0 2

A r a c h id ic E i c o s a n o i c 2 0 : 0 C 20H 4 0 O 2

B e h e n ic D o c o s a n o ic 2 2 : 0 C2 2 H4 4 0 2

L ig n o c e r ic T e t r a c o s a n o ic 2 4 : 0 C2 4 H4 8 0 2

O le ic c i s - 9 - O c t a d e c e n o ic 1 8 :1 Q 8 H 3 4 0 2

L i n o l e i c c i s - 9 , c i s - 12 - O c t a d e c a d ie n o ic 1 8 :2 C 18H 3 2 0 2

L i n o l e n ic c i s - 9 , c i s - 1 2 , c i s - 1 5 - O c t a d e c a t r i e n o ic 1 8 :3 C 18H 3 0O 2

E r u c ic c i s - 1 3 - D o c o s e n o i c 2 2 : 1 C2 2 H 4 2 0 2

axx:y indicates X carbons in fatty acid chain with y double bonds

2.3 T ransesterification

T r a n s e s t e r i f i c a t io n  ( a l s o  c a l le d  a l c o h o l y s i s )  i s  t h e  r e a c t io n  o f  a  fa t  o r  o i l  

w it h  a n  a l c o h o l  to  fo r m  e s t e r s  a n d  g ly c e r o l .  A  c a t a ly s t  i s  u s u a l l y  u s e d  t o  im p r o v e  th e  

r e a c t io n  r a te  a n d  y i e ld  b e c a u s e  th e  r e a c t io n  i s  r e v e r s ib le .  E x c e s s  a l c o h o l  i s  u s e d  to  

s h i f t  th e  e q u i l ib r iu m  to  th e  p r o d u c t s  s id e .  T h is  p r o c e s s  h a s  b e e n  w i d e l y  u s e d  to  

r e d u c e  th e  h i g h  v i s c o s i t y  o f  t r ig ly c e r id e s  ( M e h e r  et a l . , 2 0 0 6 ) .  T h e  t r a n s e s t e r i f ic a t io n  

r e a c t io n  i s  r e p r e s e n t e d  b y  th e  g e n e r a l  e q u a t io n ,  a s  s h o w n  in  F ig u r e  2 .2 .  A l c o h o l s  

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

a lc o h o l .  M e t h a n o l  a n d  e t h a n o l  a re  u s e d  m o s t  f r e q u e n t ly ,  e s p e c i a l l y  m e t h a n o l  b e c a u s e  

o f  i t s  l o w  c o s t  a n d  i t s  p h y s ic a l  a n d  c h e m ic a l  a d v a n t a g e s  ( p o la r  a n d  s h o r t e s t  c h a in
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a lc o h o l ) .  M o r e o v e r ,  m e t h a n o l  c a n  q u ic k ly  r e a c t  w i t h  t r ig ly c e r id e s  a n d  N a O H , w h ic h  

i s  e a s i l y  d i s s o l v e d  in  it .

c a t a ly s t
R C O O R ’ +  R ” O H « ------------ ►  R C O O R ” +  R ’O H

E s te r  A l c o h o l  E s te r  A l c o h o l

F i g u r e  2 .2  G e n e r a l  e q u a t io n  fo r  t r a n s e s t e r i f ic a t io n  r e a c t io n .

In  th e  t r a n s e s t e r i f ic a t io n  o f  v e g e t a b l e  o i l s ,  t r ig ly c e r id e  r e a c t s  w i t h  a n  a lc o h o l  

in  th e  p r e s e n c e  o f  a  s t r o n g  a c id  o r  b a s e ,  p r o d u c in g  a  m ix t u r e  o f  fa t ty  a c id s  a lk y l  

e s t e r s  a n d  g ly c e r o l ,  a s  s h o w n  in  F ig u r e  2 .3  (F a n g r u i  a n d  H a n n a , 1 9 9 9 ) .  T h e  o v e r a l l  

p r o c e s s  i s  a  s e q u e n c e  o f  th r e e  c o n s e c u t i v e  a n d  r e v e r s ib le  r e a c t io n s ,  in  w h i c h  d i -  a n d  

m o n o - g l y c e r i d e s  a re  f o r m e d  a s  in t e r m e d ia t e s .  T h e  s t o ic h io m e t r ic  r e a c t io n  r e q u ir e s  1 
m o le  o f  t r ig ly c e r id e  a n d  3 m o le  o f  a lc o h o l .  T o  c o m p l e t e  a  t r a n s e s t e r i f ic a t io n  

s t o ic h i o m e t r i c a l l y ,  a  3 :1  m o la r  r a t io  o f  a lc o h o l  to  t r ig ly c e r id e s  i s  n e e d e d .  In  p r a c t ic e ,  
th e  r a t io  n e e d s  to  b e  h ig h e r  to  d r iv e  th e  e q u i l ib r iu m  t o  a  m a x im u m  e s t e r  y ie ld  

(F a n g r u i  a n d  H a n n a , 1 9 9 9 ) .  M o r e o v e r ,  a n  e x c e s s  o f  th e  a l c o h o l  i s  u s e d  t o  in c r e a s e  

th e  y i e l d s  o f  th e  a lk y l  e s t e r s  a n d  t o  a l l o w  i t s  p h a s e  s e p a r a t io n  f r o m  th e  g ly c e r o l  

fo r m e d . S e v e r a l  a s p e c t s ,  in c lu d in g  th e  t y p e  o f  c a t a ly s t  ( a lk a l in e  o r  a c id ) ,  
a lc o h o l / v e g e t a b le  o i l  m o la r  r a t io , t e m p e r a tu r e ,  p u r i ty  o f  t h e  r e a c ta n t s  ( m a in ly  w a te r  

c o n t e n t )  a n d  fr e e  fa t t y  a c id  c o n t e n t  h a v e  a n  i n f l u e n c e  o n  t h e  p r o d u c t  y i e l d  o f  th e  

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

H ; C - O C O R catalyst
R O C  O R ’

H 2C - O H
H C - O C O R "  +  3 R O H ----------- พ. R O C O R "  + H C - O H■■■*-----------

H 2C - O C O R " R O C O R " H , C - O H

t r ig ly c e r id e ! a lc o h o l m ix tu r e  o f  a lk y l g ly c e r o l
e s te r s

F i g u r e  2 .3  T r a n s e s t e r i f i c a t io n  r e a c t io n  o f  t r ig ly c e r id e  w i t h  a l c o h o l .
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2.4 C atalyst in T ransesterification

In general, transesterification o f triglyceride with lower alcohol also proceed 
but it provides high energy input and long reaction time. To achieve satisfactory ester 
yield under the mild condition, biodiesel production is generally conducted in the 
presence o f a catalyst. The catalyst can be divided into two types (homogeneous and 
heterogeneous catalyst).

Nowadays, in commercial biodiesel production used homogeneous catalyst 
in the process because homogeneous catalyst gives high conversion and short 
reaction time. The homogeneous catalyst can be divided into two types.

2.4.1 Homogeneous Acid Catalyst
In catalytic transesterification using homogeneous acid catalyst, the 

reaction is catalyzed by hydrochloric or sulphonic acids (Helwani et a l ,  2009). In 
general, the acid catalyzed reactions are performed at high alcohol to oil molar ratios, 
low-to-moderate temperatures and pressures, and high acid catalyst concentrations. 
The acid-catalyzed reactions require the use o f high alcohol to oil m olar ratios in 
order to obtain good product yields within reasonable reaction time; however, ester 
yields do not proportionally increase with molar ratio. Freedman et al. (1984) studied 
the methanolysis o f soybean oil by using H 2SO 4 as a catalyst. They discovered that in 
the presence o f 1 mole % with the molar ratio o f methanol to oil is o f 30:1 at 65°c it 
take 50 h to reach complete conversion o f the vegetable oil (> 99%) while the 
butanolysis (at 117°C) and ethanolysis (at 78°C), using the same quantities o f 
catalyst and alcohol, take 3 and 18 h, respectively. For instance, in soybean 
methanolysis using sulphuric acid, ester formation was sharply improved from 77% 
to 87.8% when increasing molar ratio o f methanol to oil from 3.3:1 to 6:1. Higher 
molar ratio demonstrated only moderate improvement to a maximum o f 98.4% (at 
30:1) (Helwani el al., 2009). Table 2.3 summarizes reaction conditions used in acid 
catalyzed process o f waste cooking oil using sulfuric acid as a catalyst (Helwani et 
a l ,  2009).
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Table 2.3 Reaction conditions in the acid-catalyzed synthesis of biodiesel from 
waste cooking oil

Acid-catalyzed biodiesel synthesis
Feedstock Triglyceride mixtures with high free fatty acid

contents ( 4%) e.g., waste cooking oil + methanol
Alcohol-to-oil molar ratio 50:1
Temperature 80° c
Pressure 4 bar
Catalyst H2SO4
Catalyst load 1.3:1 molar ratio of sulfuric acid to waste oil
An oil conversion 97% is expected after 4 h of reaction

The mechanism of the acid-catalyzed transesterification of vegetable 
oils is shown in Figure 2.4 (Schuchardt et al., 1997). The protonation of the carbonyl 
group of the ester leads to the carbocation II which, after a nucleophilic attack of the 
alcohol, produces the tetrahedral intermediate III, which eliminates glycerol to form 
the new ester IV, and to regenerate the catalyst H+.

OH

OR”

K” =
p O -  
— OH
'- O H

: glyceride

R' = carbon chain of the fatty acid 
R = alkyl group of die alcohol

O H ^  H -H V R 'O H  9
-  R - Â

OR" ^
III IV

Figure 2.4 Mechanism of the acid-catalyzed transesterification of vegetable oils.

According to this mechanism, carboxylic acids can be formed by
reaction o f  the carbocation II with water present in the reaction mixture. This
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suggests that an acid-catalyzed transesterification should be carried out in the 
absence o f water, in order to avoid the competitive formation of carboxylic acids, 
which reduce the yields o f alkyl esters.

The acid catalysts have many drawbacks such as long reaction time 
and high molar ratio of methanol to oil required. Besides, acid catalyst is more 
corrosive than base catalyst. Therefore, the most industrial process much prefer to 
use base catalyst instead of using acid catalyst.

2.4.2 Homogeneous Base Catalyst
The base-catalyzed transesterification o f vegetable oils proceeds faster 

than the acid-catalyzed reaction. Moreover, the alkaline catalysts are less corrosive 
than acidic compounds. Thus the industrial processes usually favor base catalysts 
such as alkaline metal alkoxides and hydroxides as well as sodium or potassium 
carbonates.

The mechanism of the base-catalyzed transesterification of vegetable 
oils is shown in Figure. 2.5. The first step (Eq. 1) is the reaction of the base with the 
alcohol, producing an alkoxide and the protonated catalyst. The nucleophilic attack 
of the alkoxide at the carbonyl group of the triglyceride generates a tetrahedral 
intermediate (Eq. 2), which the alkyl ester and the corresponding anion of the 
diglyceride are formed (Eq. 3). The latter deprotonates the catalyst, thus regenerating 
the active species (Eq. 4), which is now able to react with a second molecule of the 
alcohol, starting another catalytic cycle. Diglycerides and monoglycerides are 
converted by the same mechanism to a mixture of alkyl esters and glycerol.

I



R'C O O -Ç H 2 
R"COO—CH

IIO

R'C O O -Ç H : 
R T O O -Ç H  OR

H2C —O-yÇ^-R" 
O'

R'COO—ÇH: ‘
R"COO—ÇH + BH

H ?c—O'

R’C O O -Ç H :
R"COO—ÇH OR (2)

H2C— O—Ç—R™
O'

R’COO—ÇH:
R"C'00—ÇH + ROOCR'" (3)

H2C—O"

R’COO—ÇHj
R"C 0 0 —ÇH + B (4)

H2C—OH

Figure 2.5 Mechanism of the base-catalyzed transesterification of vegetable oils.

Although the base-catalyzed are wildely used but they have many 
limit conditions such as it is very sensitive to water and free fatty acid. Some water 
reacts with alcohol lead to soap formation, as shown in Figure. 2.6 (Schuchardt et al.,
1997). This undesirable saponification reaction reduces the ester yields and 
considerably difficult to recover of the glycerol.

RCOOR' + H20 RCOOH + R'OK

RC.DOH + WflDH ------—  RCOONa + Ha0
Figure 2.6 Saponification of fatty acid alkyl ester.

Damoko e t  al .  (2000) studied the kinetic tranesterification o f palm oil
using potassium hydroxide as a catalyst. They found that the optimum amount o f
KOH should be 1% based on the weight o f oil at the molar ratio o f methanol to palm
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oil is 6:1. The conversion of glycerides to methyl esters fell out to be second order up 
to 30 min. Though the results were convincing, they reported the reaction rate 
constants based on the glyceride hydrolysis reaction, which is not the usual method 
applied in studying the kinetics.

In addition, Vicente et al. (2003) compared the activity of different 
basic catalysts (sodium methoxide, potassium methoxide, sodium hydroxide, and 
potassium hydroxide) for methanolysis of sunflower oil. They found that biodiesel 
purity was near 100 %wt for all catalysts. However, near 100 %wt biodiesel yields 
were only obtained with the methoxide catalysts. Although all the transesterification 
reactions were quite rapid and the biodiesel layers achieved nearly 100% methyl 
ester concentrations, the reactions using sodium hydroxide turned out the fastest.

Moreover, Karmee et al. (2005) used KOH as a catalyst for 
transesterification of the non-edible oil of Pongamia pinnata. They found that the 
maximum conversion of 92% (oil to ester) was achieved using a 1:10 molar ratio of 
methanol to oil at 60°c. The conversion was increased to 95% when tetrahydrofuran 
(THF) was used as a co-solvent.

However, in the homogeneous catalyst, the removal of the base 
catalysts after reaction is the major problem, since aqueous quenching resulting in 
the formation of stable emulsion and saponification, making separation of methyl 
ester difficult and a large amount of wastewater was produced to separate and clean 
the catalyst and product.

2.5 Heterogeneous Catalyst

Homogeneous catalysts showed greater performance toward transesterification; 
however, problems associated with the homogeneous catalysts are the high 
consumption of energy, form unwanted soap byproduct by reaction of the FFA, 
expensive separation of the homogeneous catalyst from the reaction mixture, and 
generation large amount o f wastewater during separation and cleaning of the catalyst 
and the products. The use of heterogeneous catalysts could be an attractive solution 
since the catalysts can be separated more easily from reaction products. Biodiesel 
synthesis using solid catalysts could potentially lead to cheaper production costs
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because o f reusability of the catalyst and the possibility for carrying out both 
transesterification and esterification simultaneously.

Transesterification of soybean oil with methanol has been studied in a 
heterogeneous system on Li-doped MgO catalysts (Wen et al., 2010). It has been 
found that the addition of Li enhances the biodiesel yield of the parent MgO. It is 
confirmed that the beneficial of Li doping is attributed to the promotion on the 
formation of strong base sites. The biodiesel conversion decreases with further 
increasing Li/Mg molar ratio above 0.08, which is most likely attributed to the excess 
Li ions forming separated lithium hydroxide and a concomitant decrease of BET 
surface area values. The results showed that the leaching from the catalyst and the 
agglomeration of crystallites give rise to the deactivation of the catalyst during the 
initial reaction cycles. More studies are needed to stabilize the catalysts for its 
application in the large-scale biodiesel production facilities.

Kim et al. (2004) used Na/NaOH/y-ALCE heterogeneous base catalyst for 
the production of biodiesel from the soybean oil. They found that both the sodium 
aluminate formed by loading sodium hydroxide on Y-AI2O3, and the ionization of 
sodium, originated the strong basic sites of the catalysts. The activities of the 
heterogeneous base catalysts correlated with their basic strengths. The reaction 
conditions for the system were optimized to maximize the biodiesel production yield. 
A utilization of a co-solvent was found to be inevitable for the transesterification of 
vegetable oils to biodiesel. Among the co-solvent tested, «-hexane was the most 
effective with a loading amount of 5:1 vegetable oil to «-hexane molar ratio. The 
optimum methanol to oil loading ratio was found to be 9:1.

The KOH/AI2O3 and KOH/NaY can be used as solid base catalysts for 
biodiesel production via transesterification. By using the optimum conditions, about 
51.26 and 3.18% of the K was leached from 25 wt% KOH/AI2O3 and 10 wt% 
KOH/NaY, respectively. The 10 wt% KOH/NaY should be proper for the 
transesterification reaction as a heterogeneous catalyst since the amount o f K in the 
fresh catalyst is about the same as in the spent catalyst. It is reasonable to conclude 
that the type of support strongly affects the activity and leaching o f the active species 
of the catalyst (Noiroj et al., 2009).
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Ebiura et al. (2005) used K2CO3, KF, UNO3, and NaOH loaded on alumina 
support. They found that K2CO3 loaded on alumina catalyst gave the highest yield of 
94%. Alumina loaded with alkali metal salts was demonstrated as a solid-base 
catalyst for the transesterification of triolein with methanol. Transesterification over 
these catalysts proceed efficiently at 60°c, lower than the boiling point of methanol. 
This demonstration shows that it is possible to perform this reaction at atmospheric 
pressure using a heterogeneous catalyst. The effective transformation of triolein to 
methyl oleate over solid-base catalysts represents a convenient route for biodiesel 
and glycerol production.

On the other hand, Xie et al. (2006) varied the type of catalyst (KF, KC1, 
KBr, Kl, K2CO3, KNO3, KOH on AI2O3). They indicated that KI was the best 
catalyst, yielding 96% conversion of soybean oil. Besides, they varied the type of 
support (ZrC>2, ZnO, NaX zeolite, KL zeolite, and AI2O3) and found that the basic 
strength of the support affect to the conversion, the conversion increases when the 
basic strength was increased. Moreover, they suggested that the activity o f catalyst 
was strongly affected not only by the strength of basic site but also by the amount of 
basis sites. Alumina loaded with potassium was demonstrated to be a strong solid- 
base catalyst for the transesterification of soybean oil with methanol. The catalytic 
activities of the heterogeneous base catalysts show a striking correlation with their 
corresponding basic properties. The decomposition products of the loaded KNO3, 
forming either K2O species or Al-O-K group in the composite, were probably the 
active basic sites.

Furthermore, Xie et al. (2007) used NaX zeolites loaded with KOH as a 
solid base catalyst and discovered that loading of KOH on the NaX zeolite would 
increase the basic strength over the parent NaX zeolite. After being loaded with 
KOH, the pore structure of zeolites that necessary for catalysis could be retained. 
This approach was successfully used in an attempt to increase the catalytic activity of 
NaX zeolites towards the transesterification reaction.

Leclercq et al. (2001) used cesium-exchanged NaX faujasites for 
methanolysis of rapeseed oil. They found that among the different catalytic systems 
used in this work to perform the transesterification o f rapeseed oil with methanol in 
the presence of solid basic catalysts, it is confirmed that strong basic properties are
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required to perform this reaction. Cation-exchanged zeolites are then not really 
appropriate, whereas systems in the form of a simple oxide with a high surface area 
show some interesting performances.

Verziu et al. (2009) used KF, LiF, and CSF/AI2O3 catalysts with different 
loadings from 1 to 20 wt%. They found that the deposition of alkaline fluorides on 
the alumina surface generates fluoroaluminates and aluminate species. The process 
starts at low temperatures and is definitivated at 400°c. Fluorine in these structures is 
less basic than in the parent fluorides, but the oxygen becomes more basic. 
Therefore, the active site is thought to be the consequence of the cooperation 
between the fluorine and oxygen. Using mesoporous MSU-aluminas provides large 
surface that allow the deposition of high loadings of alkaline fluorides. They are very 
active and efficient catalysts for transesterification of fatty esters with methanol at 
low temperatures using near stoichiometric amounts of methanol. Recycling 
experiments showed that these catalysts are very stable for a limited number of 
cycles and do not require any intermediate activation. Leaching of the active species 
depends on the reaction temperature.

In recent study, Hamad et al. (2010) prepared zirconia promoted with Cs by 
cationic exchange of zirconium hydroxide with Cs. They found that ZrOCs was 
obtained via cationic exchange between zirconium hydroxide with Cs+ in basic 
conditions followed by calcination at high temperature. ZrOCs oxide has an excellent 
activity for vegetable oil transesterification with ethanol and methanol in mild 
conditions, while Cs-free ZrC>2 is not active in their standard conditions. Moreover, it 
is demonstrated that ZrOCs gives higher turnover rate than soluble NaOH. ZrOCs is 
believed to present a strong potential as a solid base catalyst due its basic features 
and thermal stability since this catalyst is formed via calcination at temperature of 
550°c.

A summary of the advantages and disadvantages of each possibility 
technological has been reviewed. A solid heterogeneous catalyst integrated with 
continuous processing technologies is expected to gain wider acceptance in the future 
due to its potential effectiveness and efficiency. The use of solid catalysts and 
continuous flow reactors may complement the existing batch homogeneous catalyst 
production technology to reduce the cost of production. While there are potential
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benefits that the solid heterogeneous catalyst can offer, issues relating to the low 
catalytic activity, leachates, reusability and regeneration should be addressed and 
emphasized in the future research in order to ensure the sustainability of the process 
(Helwani et ah, 2009).

f


	CHAPTER II THEORETICAL BACKGROUND AND LITERATURE REVIEW

