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4.1 Feed B iodiesel A nalysis

In  o r d e r  to  d e t e r m in e  F A M E  c o m p o s i t io n  o f  th e  f e e d  b i o d i e s e l ,  a  g a s  

c h r o m a t o g r a p h  ( G C )  e q u ip p e d  w i t h  a  f la m e  i o n iz a t io n  d e t e c t o r  ( F I D )  w a s  u s e d .  
T h e  F A M E S  c o m p o s i t io n  o f  f e e d  b i o d i e s e l  i s  s h o w n  in  T a b le  4 .1 .

T able 4.1 F A M E  c o m p o s i t io n  o f  f e e d  b i o d i e s e l

FA M E Structure %

m e t h y l  la u r a te 0 2 : 0 0 .3 7

m e t h y l  m y r i  s ta te 0 4 : 0 1 .6 3

m e t h y l  p a lm ita te 0 6 : 0 6 6 .9 3

m e t h y l  s te a r a te 0 8 : 0 0 .1 4

m e t h y l  o le a t e 0 8 : 1 2 6 . 5 0

m e t h y l  l in o le a t e 0 8 : 2 4 .1 8

m e t h y l  a r a c h id a te C 2 2 : 0 0 .2 5

4.2 E ffect o f T ypes o f C arbon Support

F ir s t ly ,  th e  e f f e c t  o f  c a r b o n  s u p p o r t  w i t h o u t  P d  lo a d in g  w a s  s t u d ie d .  T h r e e  

t y p e s  o f  s u p p o r t  w it h o u t  P d  lo a d in g :  c a r b o n  a e r o g e l ,  a c t iv a t e d  c a r b o n ,  a n d  g r a n u le  

a c t iv a t e d  c a r b o n  w e r e  u s e d  a s  s u p p o r t s  fo r  th e  c a t a ly s t s  in  th e  p a r t ia l  h y d r o g e n a t io n  

o f  b i o d i e s e l .  T h e  r e a c t io n  w a s  o p e r a t e d  a t a  c o n d i t io n  o f  1 2 0 ° c ,  4  b a r , 5 0  m l /m in  o f  

h y d r o g e n  f l o w  r a te , a n d  5 0 0  rp m  o f  s t ir r in g  ra te . T h e  p e r c e n t a g e s  o f  C l 8 : 0 ,  C l  8 :1 ,  
C l 8 : 2 ,  a n d  o th e r  F A M E S  ( C l 2 : 0 ,  C l 4 : 0 ,  C l 6 : 0 ,  a n d  C 2 2 : 0 )  a f te r  p a r t ia l  
h y d r o g e n a t io n  r e a c t io n  fo r  th r e e  t y p e s  o f  c a r b o n  s u p p o r t  a re  s h o w n  in  F ig u r e  4 .1 .  
A n d  fr o m  F ig u r e  4 .1 ( a ) , ( b ) ,  a n d  ( c )  s h o w  th a t  th e  p e r c e n t a g e s  o f  F A M E S  d id  n o t
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change significantly with time on steam. Therefore, it can be concluded that carbon
support without Pd loading has no significant effect on partial hydrogenation of
polyunsaturated FAMES.

• -------- CÎ8:0
.........o .......... c  i 8:1
-------- T------- C l 8:2
-------- £ ------ sai. HC

T im e (h )



26

• • 0 ...............
C 1 8 : 0
C 1 8 : l

“ ▼ -  — C l  8 :2
—A --------- sa t .  H C

F igure 4.1 (cont) E f f e c t  o f  c a r b o n  s u p p o r t:  ( a )  c a r b o n  a e r o g e l ,  ( b )  a c t iv a t e d  c a r b o n ,  
a n d  ( c )  g r a n u le s  a c t iv a t e d  c a r b o n  o n  F A M E  c o m p o s i t io n  o f  b i o d i e s e l  a f t e r  p a r t ia l  
h y d r o g e n a t io n  r e a c t io n  ( R e a c t io n  c o n d i t io n s :  1 2 0 ° c ,  4  b a r , 5 0  m l /m in  o f  H 2 f t o w  

r a te , a n d  5 0 0  rp m  o f  s t ir r in g  r a te .

T h e n ,  t h e  e f f e c t  o f  t y p e  o f  c a r b o n  s u p p o r t  w a s  c a r r ie d  o u t  o v e r  P d /c a r b o n  

a e r o g e l ,  P d /a c t iv a t e d  a c t iv a t e d ,  a n d  P d /g r a n u le  a c t iv a t e d  c a r b o n  in  th e  p a r t ia l  

h y d r o g e n a t io n  o f  p o ly u n s a t u r a t e d  F A M E S . T h e  c a t a ly t ic  a c t iv i t y  o f  t h e s e  c a t a ly s t s  

w a s  d e t e r m in e d  b y  e x a m in in g  F A M E  c o m p o s i t io n  in  th e  p r o d u c t  s tr e a m .
T h r e e  t y p e s  o f  c a r b o n  s u p p o r t:  c a r b o n  a e r o g e l ,  a c t iv a t e d  c a r b o n , a n d  g r a n u le  

a c t iv a t e d  c a r b o n  w e r e  u s e d  a s  s u p p o r ts  fo r  th e  c a t a ly s t s  in  th e  p a r t ia l h y d r o g e n a t io n  

o f  b i o d i e s e l .  T h e  r e a c t io n  w a s  o p e r a t e d  a t a  c o n d i t io n  o f  1 2 0 ° c ,  4  b a r , 5 0  m l /m in  o f  

h y d r o g e n  f l o w  r a te , 5 0 0  r p m  o f  s t ir r in g  r a te , a n d  1 .5  w t .%  o f  c a t a ly s t  c o m p a r e d  to  

s ta r t in g  o i l .  T h e  p e r c e n t a g e s  o f  C l 8 :0 ,  C l 8 : 1 ,  C l 8 : 2 ,  a n d  o th e r  F A M E S  ( C l 2 : 0 ,  
C 1 4 : 0 ,  c  1 6 :0 ,  a n d  C 2 2 : 0 )  a f te r  p a r t ia l h y d r o g e n a t io n  r e a c t io n  fo r  th r e e  t y p e s  o f  

c a r b o n  s u p p o r t  a r e  s h o w n  in  F ig u r e  4 .2 .  F r o m  F ig u r e  4 .2 ( a ) ,  th e  P d /c a r b o n  a e r o g e l  

c o u ld  r a p id ly  r e d u c e  C l 8 :2  a n d  C l 8:1 fr o m  4 .1 8 %  to  0 .0 4 %  a n d  fr o m  2 6 .5 0 %  to  

2 .7 9 % , r e s p e c t i v e ly ,  a f te r  1 .0  h  o f  r e a c t io n ;  w h i l e  C l 8 : 0  s h a r p ly  in c r e a s e d  fr o m
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0 .1 4 %  to  2 8 .8 5 %  a fte r  1 .0  h , a n d  c o n t in u o u s l y  in c r e a s e d  t o  a lm o s t  3 2 .7 5 %  a f te r  4  h 

o f  r e a c t io n .  A f t e r  1 .5  h  o f  r e a c t io n ,  c o m p o s i t io n  o f  C l  8 :2  a n d  C l  8 :1  w e r e  c o m p l e t e ly  

h y d r o g e n a t e d  w h e r e a s  th e  c o m p o s i t io n  o f  C l  8 :2  a n d  C l  8 :1  in  b i o d i e s e l  p r o d u c t  w e r e  

a lm o s t  0 % . F r o m  t h e s e  r e s u lt s ,  it s u g g e s t e d  th a t  th e  P d /c a r b o n  a e r o g e l  e x h ib i t e d  

c o m p le t e  h y d r o g e n a t io n  a c t iv i t i e s .  A n d  fr o m  F ig u r e  4 . 2 ( b ) ,  t h e  P d /a c t iv a t e d  c a r b o n  

a l s o  r a p id ly  r e d u c e d  C l 8 :2  a n d  C l 8 :1  f r o m  4 .1 8 %  to  0 %  a n d  fr o m  2 6 .5 0 %  t o  3 .6 8 % ,  
r e s p e c t i v e ly ,  a f te r  1 .0  h  o f  r e a c t io n ;  w h i l e  C l 8 : 0  s h a r p ly  in c r e a s e d  fr o m  0 .1 4 %  to  

2 7 .7 7 %  a f te r  1 .0  h , a n d  c o n t in u o u s ly  in c r e a s e d  t o  a lm o s t  3 2 .0 8 %  a f te r  4  h  o f  

r e a c t io n .  F r o m  t h e s e  r e s u l t s ,  it s u g g e s t e d  th a t  th e  P d /a c t iv a t e d  c a r b o n  a ls o  e x h ib i t e d  

c o m p l e t e  h y d r o g e n a t io n  a c t iv i t i e s  s im i la r  t o  P d /c a r b o n  a e r o g e l .  F o r  th e  P d /g r a n u le  

a c t iv a t e d  c a r b o n , C l 8 :2  d e c r e a s e d  f r o m  4 .1 8 %  t o  0 .2 6 %  a n d  C l 8 :1  s l o w l y  d e c r e a s e d  

fr o m  2 6 .5 0 %  t o  2 2 .0 5 % , w h e r e a s  C l 8 :0  in c r e a s e d  fr o m  0 .1 4 %  to  8 .6 0 % , a f t e r  1 .0  h  

o f  r e a c t io n  a s  s h o w n  in  F ig u r e  4 .2 ( b ) .  A n d  a f te r  2 . 0  h  o f  r e a c t io n  C l 8 :2  w e r e  

c o m p l e t e ly  h y d r o g e n a t e d .  T h e s e  r e s u lt s  c o u ld  s u g g e s t  th a t  P d /g r a n u le  a c t iv a t e d  

c a r b o n  s e e m  to  m e e t  th e  p u r p o s e  in  th e  p a r t ia l  h y d r o g e n a t io n .  N i k o l a o u  et a l ,  ( 2 0 0 9 )  

s u g g e s t e d  th a t  th e  h ig h e r  a m o u n ts  o f  s a tu r a te d  F A M E S  a re  l e s s  p r o n e  to  o x id a t io n ,  
b u t  th e  l o w e r  c o ld  f l o w  p r o p e r ty .  I f  w e  c o m p a r e  th e  r e la t iv e  r a te s  o f  a u t o x id a t io n  o f  

m e t h y l  l in o le a t e  ( C l 8 : 2 )  is  4 1  a n d  m e t h y l  o le a t e  ( C l 8 : 1 )  is  1, it  m e a n s  th a t  w e  n e e d  

to  c o n t r o l  C l 8 :1  c o n s ta n t  w h i l e  d e c r e a s e  C l 8 :2  c o n t e n t  to  im p r o v e  o x id a t iv e  s t a b i l i t y  

w h i l e  n o t  a f f e c t  t o  c o ld  f l o w  p r o p e r t ie s .
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Figure 4.2 E f f e c t  o f  t y p e  o f  c a r b o n  su p p o r t:  ( a )  P d /c a r b o n  a e r o g e l ,  ( b )  P d /a c t iv a t e d  

c a r b o n , a n d  ( c )  P d /g r a n u le s  a c t iv a t e d  c a r b o n  o n  F A M E  c o m p o s i t io n  o f  b i o d i e s e l  

a f te r  p a r t ia l h y d r o g e n a t io n  r e a c t io n  ( R e a c t io n  c o n d i t io n s :  1 2 0 ° c , 4  b a r , 5 0  m l /m in  o f  

แ 2 f l o w  r a te , 5 0 0  r p m  o f  s t ir r in g  r a te , a n d  1 .5  w t .%  o f  c a t a ly s t  c o m p a r e d  w ith  
s ta r t in g  o i l ) .
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• C 1 8 : 0
.............. o ................ 0 8 : 1
------------T ---------- C l  8 :2
------------A --------- sa t .  H C

F ig u r e  4 .2  (co n t.)  E f f e c t  o f  t y p e  o f  c a r b o n  su p p o r t:  (a )  P d /c a r b o n  a e r o g e l ,  (b )  

P d /a c t iv a t e d  c a r b o n ,  a n d  ( c )  P d /g r a n u le s  a c t iv a t e d  c a r b o n  o n  F A M E  c o m p o s i t io n  o f  

b i o d i e s e l  a f te r  p a r t ia l h y d r o g e n a t io n  r e a c t io n  ( R e a c t io n  c o n d i t io n s :  1 2 0 ° c ,  4  b a r , 5 0  

m l/m in  o f  H 2 f l o w  r a te , 5 0 0  r p m  o f  s t ir r in g  r a te , a n d  1 .5  w t .%  o f  c a t a ly s t  c o m p a r e d  

w it h  s ta r t in g  o i l ) .

aerogel activated carbon Granule

5»C18:2 
s  C l 8:1 
■  Cl 8:0

F igure 4.3 FAMES composition after 1 h o f partial hydrogenation using three types
o f carbon support: carbon aerogel, activated carbon, and granule activated carbon.
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A c c o r d in g  to  t h e s e  r e s u lt s ,  it c a n  b e  c o n c lu d e d  th a t th e  h ig h e r  a m o u n t s  o f  

s a tu r a te d  F A M E S  a re  l e s s  p r o n e  to  o x id a t io n ,  b u t l o w  c o ld  f l o w  p r o p e r ty .  T h e r e f o r e ,  
in  th is  w o r k  w e  a im  to  d e c r e a s e  th e  C l 8 :2  c o n t e n t ,  a n d  k e e p  C l 8 :1  c o n s t a n t  to  

im p r o v e  o x id a t iv e  s t a b i l i t y  w h i l e  n o t  a f f e c t  to  c o ld  f l o w  p r o p e r t ie s .  F r o m  F ig u r e  4 .2 ,  
it  c a n  b e  c o n c lu d e d  th a t  th e  P d /c a r b o n  a e r o g e l  a n d  P d /a c t iv a t e d  c a r b o n  s h o w e d  th e  

b e t te r  c a t a ly t ic  a c t iv i t y  in  te r m  o f  c o m p l e t e  h y d r o g e n a t io n ,  w h e r e a s  th e  P d /g r a n u le  

a c t iv a t e d  c a r b o n  e x h ib i t e d  b e t te r  p r o p e r ty  in  term  o f  p a r t ia l h y d r o g e n a t io n .  T h is  

s u g g e s t s  th a t  b io d ie s e l  p r o d u c t  a f te r  1 .0  h u s in g  P d /g r a n u le  a c t iv a t e d  c a r b o n  

e x h ib i t e d  g o o d  b io d ie s e l  p r o p e r t ie s ,  e s p e c ia l l y  o x id a t iv e  s t a b i l i t y  a n d  c o ld  f l o w  

p r o p e r t ie s .  T h e r e f o r e ,  P d /g r a n u le  a c t iv a t e d  c a r b o n  c a t a ly s t  w a s  s e l e c t e d  t o  b e  u s e d  

f o r  fu r th e r  s t u d ie s .
A t o m ic  a b s o r p t io n  s p e c t r o s c o p y  ( A A S )  w a s  u s e d  to  d e t e r m in e  a m o u n t  o f  P d  

l o a d in g  o n  c a r b o n  s u p p o r t  w h ic h  s y n t h e s iz e d  b y  im p r e g n a t io n  ( I W I )  m e t h o d  u s in g  

P d ( N 0 3 ) 2 -2 H 2 0  p r e c u r so r . In th is  w o r k  2  w t.%  Pd w a s  lo a d ed  o n  c a r b o n  a e r o g e l ,  
g r a n u le s  a c t iv a t e d  c a r b o n , a n d  A c t iv a t e d  c a r b o n . T h e  p e r c e n t a g e s  o f  P d  lo a d in g  o n  

e a c h  t y p e s  o f  c a r b o n  a re  s h o w n  in  T a b le  4 .2 .

T a b le  4 .2  T h e  p e r c e n t a g e  o f  P d  l o a d in g  o n  e a c h  t y p e s  o f  c a r b o n

T y p es  o f  ca rb o n Pd lo a d in g  (% w t)
C a r b o n  a e r o g e l 1 .9 0

G r a n u le s  a c t iv a t e d  c a r b o n 1 .8 7
A c t iv a t e d  c a r b o n 1 .9 4

X R D  p a tte r n s  o f  f r e s h  a n d  s p e n t  2 w t .%  P d  s u p p o r te d  o n  c a r b o n  a e r o g e l  a n d  

g r a n u le s  a c t iv a t e d  c a r b o n  a re  s h o w n  in  F ig u r e  4 .4 .  B o t h  c a t a ly s t s  p r e p a r e d  b y  

in c ip ie n t  w e t n e s s  im p r e g n a t io n  ( I W I )  u s in g  P d ( N 0 3 ) 2 .2 H 20  p r e c u r s o r .  T h e  b r o a d  

s ig n a l  a t a b o u t  2 5 ° ,  w h i c h  is  a s s ig n e d  to  th e  a m o r p h o u s  c a r b o n , w a s  o b s e r v e d  in  a ll  
c a t a ly s t s  ( พ น  et a l ., 2 0 0 9 ) .  T h e  m a in  c h a r a c t e r is t ic  p e a k  o f  c r y s t a l l in e  P d  p la n e  ( 1 1 1 )  

at 2 0  o f  4 0 . 2 0 °  w a s  o b s e r v e d  fo r  b o th  P d /c a r b o n  a e r o g e l  a n d  P d /g r a n u le  a c t iv a t e d  

c a r b o n  c a t a ly s t  a f te r  c a lc in a t io n  u n d e r  N 2 at 5 0 0 ° c .  T h e  m e a n  p a r t ic le  s i z e  o f  P d
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was calculated from the peak width at half height o f the Pd (111) diffraction peak by
applying Scherrer’s equation (Harada e t  a l ,  2007).

2 Theta (degree)

F ig u r e  4 .4  X R D  p a t te r n s  o f  ( a )  P d /e a r b o n  a e r o g e l ,  (b )  P d /g r a n u le  a c t iv a t e d  c a r b o n ,  
( c )  s p e n t  P d /c a r b o n  a e r o g e l ,  (d )  s p e n t  P d /g r a n u le  a c t iv a t e d .

T h e  P d  p a r t ic le  s i z e s  o f  P d /c a r b o n  a e r o g e l  a n d  g r a n u le  a c t iv a t e d  c a r b o n  

w e r e  c a lc u la t e d  b y  a p p ly in g  S c h e r r e r ’s  e q u a t io n .  A s  s h o w n  in  T a b le  4 .3 ,  P d  p a r t ic le  

s i z e  o f  P d /c a r b o n  a e r o g e l  w a s  a b o u t  9 .9 7  ททา a n d  p a r t ic le  s iz e  o f  P d /g r a n u le  a c t iv a t e d  

c a r b o n  w a s  a b o u t  1 8 .5  n m . M o r e o v e r ,  s u r f a c e  a r e a , to ta l  p o r e  v o lu m e ,  a n d  a v e r a g e  

p o r e  d ia m e t e r  o f  c a r b o n  s u p p o r t  a n d  P d /c a r b o n  s u p p o r t  w e r e  a n a ly z e d  b y  u s in g  

A u t o s o r b -  1 M P  s u r f a c e  a r e a  a n a ly z e r .  A s  s h o w n  in  T a b le  4 .3 ,  s u r f a c e  a r e a  o f  c a r b o n  

a e r o g e l  w a s  a b o u t  2 8 0 .1  m 2/ g ,  w i t h  th e  to ta l  p o r e  v o lu m e  a b o u t  0 .2 1 4 2  m l /g ,  a n d  

a v e r a g e  p o r e  d ia m e t e r  o f  3 .0 5 9  n m , w h i c h  c a n  b e  in d ic a t e d  a s  m e s o p o r o u s  m a te r ia l  
( p o r e  s iz e :  2 - 5 0  n m ) . W h e r e a s  th e  s u r f a c e  a r e a  o f  g r a n u le  a c t iv a t e d  c a r b o n  w a s
7 9 9 .5  m 2/ g ,  w it h  th e  to ta l  p o r e  v o lu m e  o f  0 .4 5 8 3  m l /g ,  a n d  a v e r a g e  p o r e  d ia m e t e r  o f  

2 .2 9 3  n m , w h ic h  c a n  b e  a l s o  in d ic a t e d  a s  m e s o p o r o u s  m a te r ia l  ( p o r e  s iz e :  2 - 5 0  n m ) .
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T able  4.3 Characteristics o f carbon aerogel, granule activated carbon, Pd/carbon
aerogel, and Pd/granule activated carbon support catalysts

C atalyst Pd (111) partic le 
size from  XRD (nm)

Surface
area
(m 2/g)

T otal pore 
volum e 
(ml/g)

A verage pore 
d iam eter 

(nm )
C a r b o n  a e ro g e l - 2 8 0 .1 0 .2 1 4 2 3 .0 6

G r a n u le  a c t iv a te d  c a rb o n - 7 9 9 .5 0 .4 5 8 3 2 .2 9

P d /C a r b o n  a e ro g e l 9 .9 7 - - -

P d /g r a n u le  a c t iv a te d  
c a r b o n

18 .5 8 7 5 0 .4 9 6 2 .6 8

T h e  T P R  p r o f i l e s  r e v e a le d  th e  in fo r m a t io n  a b o u t  t h e  v a r ia t io n  o f  r e d u c t io n  

te m p e r a tu r e  o f  P d  s p e c ie s  w it h  r e s p e c t  to  t y p e  o f  a c t iv a t e d  c a r b o n .T h e  T P R  d ia g r a m s  

o f  g r a n u le  a c t iv a t e d  c a r b o n , P d /g r a n u le  a c t iv a t e d  c a r b o n  a re  s h o w n  F ig u r e  4 .5 ( a )  a n d
( b ) ,  th e  p e a k s  a t 722°c a n d  701°c m a y  b e  a ttr ib u te d  t o  th e  c a r b o n  g a s i f i c a t io n  

(C h a n d r a  et al., 2003). M o r e o v e r ,  th e  n e g a t i v e  p e a k s  a t 105°c a n d  89°c g e n e r a l ly  

a t tr ib u te d  to  th e  d e c o m p o s i t i o n  o f  (3 - h y d r i d e  p a l la d iu m  p h a s e  (F e r r e r  et a l., 2005). 
A n d  th e  T P R  d ia g r a m  o b t a in e d  fo r  P d /c a r b o n  a e r o g e l  a n d  s p e n t  P d /c a r b o n  a e r o g e l ,  
a s  s h o w n  F ig u r e  4 .5 ( a )  a n d  ( b ) ,  s h o w e d  p e a k s  o f  r e d u c t io n  te m p e r a tu r e  a t 608°c, 
636°c a n d  638°c w h ic h  a ttr ib u te d  t o  th e  c a r b o n  g a s i f i c a t io n .

T h e  p a l la d iu m  d is p e r s io n  w a s  c a l c u la t e d  u s in g  a C O : P d  r a t io  o f  1:1 a n d  

a s s u m in g  th a t  a ll  C O  w a s  a d s o r b e d  o n  th e  e x p o s e d  P d  a t o m s  (  L u o  et  c r / , ,1 9 9 8  ) .  C O  

a d s o r p t io n  o n  P d  w a s  m e a s u r e d  b y  a  p u l s e  c h e m is o r p t io n s  m e t h o d .  A s  s h o w n  in  

T a b le  4 .4 ,  p a l la d iu m  d is p e r s io n  o f  P d /c a r b o n  a e r o g e l  w a s  a b o u t  4 8 .3 4 %  a n d  

P a lla d iu m  d is p e r s io n  o f  s p e n t  P d /c a r b o n  a e r o g e l  w a s  a b o u t  3 7 .4 8 % . M o r e o v e r ,  th e  

p a l la d iu m  d is p e r s io n  o f  P d /g r a n u le  a c t iv a t e d  c a r b o n  a n d  s p e n t  P d /g r a n u le  a c t iv a t e d  

c a r b o n  w e r e  a b o u t  1 5 .8 1 %  a n d  1 5 .3 6 % , r e s p e c t i v e ly .  T h e  h ig h e r  P d  d is p e r s io n  

s h o w e d  th e  h ig h e r  a c t iv e  s i z e  a n d  g i v e  h ig h e r  a c t iv i t y .
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F ig u re  4 .5  T P R  p a tte r n s  o f  ( a )  g r a n u le  a c t iv a t e d  c a r b o n  a n d  ( b )  P d /  g r a n u le  

a c t iv a t e d  c a r b o n .

F ig u re  4 .6  T P R  p a tte r n s  o f  ( a )  P d /c a r b o n  a e r o g e l ,  ( b )  S p e n t  P d /c a r b o n  a e r o g e l .
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T a b le  4 ,4  P a l la d iu m  d i s p e r s io n  o f  P d  s u p p o r te d  o n  c a r b o n  a e r o g e l ,  s p e n t  P d  

s u p p o r te d  o n  c a r b o n  a e r o g e l ,  P d  s u p p o r te d  o n  g r a n u le  a c t iv a t e d  c a r b o n ,  a n d  s p e n t  P d  

s u p p o r te d  o n  g r a n u le  a c t iv a t e d

C a ta ly s t
P d  D is p e r s io n

(% )
P d /c a rb o n  a e ro g e l 4 8 .3 4

P d /g r a n u le  a c t iv a te d  c a rb o n 1 5 .8 1

S p e n t  P d /c a r b o n  a e ro g e l 3 7 .4 8

S p e n t  P d /g ra n u le  a c t iv a te d  c a rb o n 1 5 .3 6

S E M  m ic r o g r a p h s  o f  c a r b o n  a e r o g e l  a n d  g r a n u le  a c t iv a t e d  c a r b o n  s u p p o r ts  

a r e  s h o w n  in  F ig u r e  4 .7 .  T h e  S E M  m ic r o g r a p h s  o f  c a r b o n  a e r o g e l  s h o w  th e  p o r o u s  

s tr u c tu r e  o f  c a r b o n  a e r o g e l  f r o m  t h e  r e m o v a l  o f  t h e  s o lv e n t .  In  t h e  s tr u c tu r e  o f  th e  

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

in c o r p o r a te d  w i t h  o p e n  m e s o p o r e s .  A n d  m ic r o  p o r o u s  s tr u c tu r e  o f  g r a n u le  a c t iv a t e d  

c a r b o n  i s  s h o w n  in  F ig u r e .4 .7  (b ) .
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T E M  m ic r o g r a p h s  o f  P d /c a r b o n  a e r o g e l ,  s p e n t  P d /c a r b o n  a e r o g e l ,  
P d /g r a n u le  a c t iv a t e d  c a r b o n , a n d  s p e n t  P d /g r a n u le  a c t iv a t e d  c a r b o n  c a t a l y s t  ( F ig u r e  

4 .8 )  r e v e a le d  th a t th e  a v e r a g e  P d  p a r t ic le  s i z e  c l o s e  to  th e  v a lu e  o b t a in e d  w it h  

X R D  r e s u lt s .  T h e  a v e r a g e  P d  p a r t ic le  s i z e  o f  P d /c a r b o n  a e r o g e l  a n d  s p e n t  P d /c a r b o n  

a e r o g e l  fr o m  T E M  m e a s u r e m e n t s  w a s  fo u n d  in  th e  r a n g e  o f  7  t o  11 n m . A n d  th e  

a v e r a g e  P d  p a r t ic le  s iz e  o f  P d /g r a n u le  a c t iv a t e d  c a r b o n  a n d  s p e n t  P d /g r a n u le  

a c t iv a t e d  c a r b o n  fr o m  T E M  m e a s u r e m e n t s  w a s  f o u n d  in  th e  r a n g e  o f  2 0  t o  2 1  n m .  
T h is  c le a r ly  in d ic a t e s  th a t th e  d i s p e r s io n  o f  P d /c a r b o n  a e r o g e l  i s  h ig h  ( T a b le  4 .4 ) ,  

w h i c h  r e s u lt e d  in  lo w e r  p a r t ic le  s iz e .  W h e r e a s ,  th e  P d /g r a n u le  a c t iv a t e d  c a r b o n  

e x h ib i t e d  th e  f o r m a t io n  o f  la r g e r  P d  p a r t ic le s .  T h e  T E M  m e a s u r e m e n t s  a l s o  s h o w e d  

th a t  g r a n u le  a c t iv a t e d  c a r b o n  c a t a ly s t  th e  s i z e  d is t r ib u t io n  o f  P d  p a r t ic le s  i s  u n ifo r m  

a n d  th e  a v e r a g e  p a r t ic le  s i z e  o f  P d  i s  h ig h e r  th a n  P d /c a r b o n  a e r o g e l .

T Â £ 3 ) $ / ( f /
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Particle size (nm)
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Particle size (nm)
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Particle size (nm)

F ig u re  4 .8  T E M  m ic r o g r a p h s  a n d  s i z e  d is t r ib u t io n s  o f  P d  s u p p o r te d  o n  c a r b o n  

a e r o g e l ,  ( a )  s p e n t  P d  s u p p o r te d  o n  c a r b o n  a e r o g e l ,  ( b )  P d  s u p p o r te d  o n  g r a n u le  

a c t iv a t e d  c a r b o n , ( c )  s p e n t  P d  s u p p o r te d  o n  g r a n u le  a c t iv a t e d ,  (d ) .

4 .3  E ffect o f  P a rtic le  S ize  o f  A ctiv a ted  C a rb o n  S u p p o r t

In  t h is  s e c t io n ,  th e  e f f e c t s  o f  p a r t ic le  s iz e :  a c t iv a t e d  c a r b o n  ( 4 0 p m ) ,  g r a n u le  

a c t iv a t e d  c a r b o n , a n d  8 5 0  p m  o f  g r a n u le  a c t iv a t e d  c a r b o n  o n  th e  p a r t ia l  
h y d r o g e n a t io n  o f  p o ly u n s a t u r a t e d  F A M E S  w e r e  s t u d ie d .  T h e  c a t a ly t ic  a c t i v i t y  o f  

t h e s e  c a t a ly s t s  w a s  in d ic a te d  b y  e x a m in in g  F A M E  c o m p o s i t io n  in  th e  p a r t ia l  
h y d r o g e n a t e d  b i o d i e s e l .

F o r  th e  p a r t ia l h y d r o g e n a t io n  r e a c t io n  u s in g  P d /a c t iv a t e d  c a r b o n  ( 4 0 p m )  

a s  a  c a t a ly s t ,  th e  F A M E S  c o m p o s i t io n  , a s  s h o w n  in  F ig u r e  4 .9 ( a )  o f  C l 8 :2  a n d  

C l 8:1  r a p id ly  r e d u c e  fr o m  4 .1 8 %  t o  0 %  a n d  fr o m  2 6 .5 0 %  t o  3 .6 8 % , r e s p e c t i v e ly ,  
a f te r  1 .0  h  o f  r e a c t io n ;  w h i l e  C l 8 : 0  s h a r p ly  in c r e a s e d  fr o m  0 .1 4 %  t o  2 7 .7 7 %  a f te r
1 .0  h . T h e  p a r t ia l h y d r o g e n a t io n  r e a c t io n  o f  P d /a c t iv a t e d  c a r b o n  ( 8 5 0 p m )
a c t iv a t e d  c a r b o n  , s h o w n  in  F ig u r e  4 .9 ( b ) ,  C l 8 :2  d e c r e a s e d  fr o m  4 .1 8 %  to  0 .2 0 %  a n d  

C l 8:1 d e c r e a s e s  fr o m  2 6 .5 0  to  1 0 .8 6 ,  w h e r e a s  C l 8 : 0  r a p id ly  in c r e a s e d  fr o m  0 .1 4 %  

to  1 9 .9 3 % , a f te r  1 .0  h  o f  r e a c t io n . F o r  th e  p a r t ia l h y d r o g e n a t io n  r e a c t io n  u s in g  

P d /g r a n u le  a c t iv a t e d  c a r b o n  a s  a c a t a ly s t ,  th e  F A M E S  c o m p o s i t io n  s h o w n  in  F ig u r e
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4 . 8 ( c ) ,  i l lu s tr a t e d  th a t  C l 8 :2  d e c r e a s e d  fr o m  4 .1 8 %  to  0 .2 6 %  a n d  C l 8 :1  d e c r e a s e d  

fr o m  2 6 .5 0 %  t o  2 2 .0 5 % , w h e r e a s  C l 8 : 0  in c r e a s e d  fr o m  0 .1 4 %  to  8 .6 0 % , a f te r  1 .0  h  

o f  r e a c t io n .
A c c o r d in g  to  t h e s e  r e s u l t s , i t  c a n  b e  c o n c lu d e d  th a t  th e  P d /a c t iv a t e d  c a r b o n  

( 8 5 0 p m )  s h o w e d  h ig h e r  c a t a ly t ic  a c t iv i t y  in  te r m  o f  c o m p l e t e  h y d r o g e n a t io n  th a n  

P d /g r a n u le  a c t iv a t e d  c a r b o n  b e c a u s e  o f  i t s  h ig h  d is p e r s io n ,w h ic h  r e s u l t e d  in  h ig h e r  

c a t a ly t ic  a c t iv i t y  o n  p a r t ia l h y d r o g e n a t io n .

------------»■ .....— C l  8 :0
..............๐ ................ c  1 8 : 1

------------T ---------- c  1 8 : 2
------------A --------- sa t .  HC

F ig u r e  4 .9  E f f e c t  o f  p a r t ic le  s i z e  o f  c a r b o n  su p p o r t:  ( a )  a c t iv a t e d  c a r b o n  ( 4 0 p m ) ,  ( b )  

a c t iv a t e d  c a r b o n  ( 8 5 0 p m ) , ( c )  g r a n u le  a c t iv a t e d  c a r b o n  o n  F A M E  c o m p o s i t io n  o f  

b i o d i e s e l  a f te r  p a r t ia l  h y d r o g e n a t io n  r e a c t io n .
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F ig u r e  4 .9  (c o n t.)  E f f e c t  o f  p a r t ic le  s i z e  o f  c a r b o n  s u p p o r t:  ( a )  a c t iv a t e d  c a r b o n  

( 4 0 p m ) ,  (b )  a c t iv a t e d  c a r b o n  ( 8 5 0 p m ) , ( c )  g r a n u le  a c t iv a t e d  c a r b o n  o n  F A M E  

c o m p o s i t io n  o f  b i o d i e s e l  a f te r  p a r t ia l h y d r o g e n a t io n  r e a c t io n .
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F ig u r e  4 i l 0  F A M E S  c o m p o s i t io n  a f t e r  1 h o f  p a r t ia l  h y d r o g e n a t io n  u s in g  a c t iv a t e d  

c a r b o n  ( 4 0  p m ) ,  g r a n u le  a c t iv a t e d  c a r b o n , a n d  8 5 0  p m  o f  g r a n u le  a c t iv a t e d  c a r b o n .

4 .4  E ffe c t o f  H y d ro g en  P a r tia l P r e ssu r e

T h e  e f f e c t s  o f  h y d r o g e n  p a r t ia l  p r e s s u r e  o n  th e  p a r t ia l  h y d r o g e n a t io n  o f  

p o ly u n s a t u r a t e d  F A M E S  w e r e  s t u d ie d  b y  v a r y in g  p r e s s u r e  fr o m  1 t o  2  a n d  4  b a r . T h e  

c a t a ly t ic  a c t iv i t y  o f  t h e s e  c a t a ly s t s  w a s  d e t e r m in e d  b y  e x a m in in g  F A M E  c o m p o s i t io n  

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

120°c, 5 0  m l /m in  o f  h y d r o g e n  f l o w  r a te , 5 0 0  rp m  o f  s t ir r in g  r a te , a n d  1 .5  w t .  %  o f  

c a t a ly s t  c o m p a r e d  t o  s ta r t in g  o i l .
F ir s t ly ,  th e  p a r t ia l h y d r o g e n a t io n  r e a c t io n  w a s  c a r r ie d  o u t  u n d e r  p r e s s u r e  4  

b a r  o f  h y d r o g e n  p a r t ia l p r e s s u r e  u s i n g  P d /g r a n u le  a c t iv a t e d  c a r b o n  a s  a  c a ta ly s t ;  

C l 8 :2  d e c r e a s e d  fr o m  4 .1 8 %  to  0 .2 6 %  a n d  C l 8:1  s l o w l y  d e c r e a s e d  fr o m  2 6 .5 0 %  to  

2 2 .0 5 % , w h e r e a s  C l  8 :0  in c r e a s e d  fr o m  0 .1 4 %  t o  8 .6 0 % , a f te r  1 .0  h  o f  r e a c t io n ,  a s  

s h o w n  in  F ig u r e  4 .1 1 ( a ) .  A n d  a f t e r  2 .0  h  o f  r e a c t io n  C l 8 :2  w e r e  c o m p l e t e l y  
h y d r o g e n a t e d .

T h e  F A M E S  c o m p o s i t io n  a f te r  p a r t ia l h y d r o g e n a t io n  r e a c t io n  u n d e r  p r e s s u r e  

2  b a r  o f  h y d r o g e n  p a r t ia l p r e s s u r e  u s in g  P d /g r a n u le  a c t iv a t e d  c a r b o n  a s  c a t a ly s t  is  

s h o w n  in  F ig u r e  4 . 1 1 (b ) . It s h o w e d  th a t  C l 8 :2  d e c r e a s e d  fr o m  4 .1 8 %  t o  1 .2 6 %  a n d  

C l 8:1  s l o w l y  d e c r e a s e s  fr o m  2 6 .5 0 %  t o  2 3 .2 7 % , w h e r e a s  C l 8 : 0  in c r e a s e d  fr o m
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0 .1 4 %  t o  6 .1 8 % , a f t e r  1 .0  h  o f  r e a c t io n .  A n d  th e  p e r c e n t a g e  o f  C l 8 :2  w e r e  n o t  

c o m p l e t e l y  h y d r o g e n a t e d  a f te r  4  h  o f  r e a c t io n ,  0 .2 4 %  o f  C l  8 :2  s t i l l  r e m a in .
A t  la s t ,  th e  F A M E S  c o m p o s i t io n  a f t e r  p a r t ia l h y d r o g e n a t io n  r e a c t io n  u n d e r  

p r e s s u r e  1 b a r  o f  h y d r o g e n  p a r t ia l  p r e s s u r e  u s i n g  P d /g r a n u le  a c t iv a t e d  i s  s h o w n  in  

F ig u r e  4 . 1 1 ( c )  ; C 1 8 : 2  d e c r e a s e d  fr o m  4 .1 8 %  t o  2 .1 8 %  a n d  C 1 8 : l  s l o w l y  d e c r e a s e s  

f r o m  2 6 .5 0 %  t o  2 4 .4 4 % , w h e r e a s  C l 8 :0  in c r e a s e d  fr o m  0 .1 4 %  t o  4 .9 5 % , a f t e r  1 .0  h 

o f  r e a c t io n .  A n d  p e r c e n t a g e  o f  C l  8 :2  w e r e  n o t  c o m p l e t e ly  h y d r o g e n a t e d  b y  a f te r  4  h  

o f  r e a c t io n ,  a n d  0 .5 0 %  o f  C l  8 :2  s t i l l  r e m a in .

F ig u r e  4.11 E f f e c t  o f  h y d r o g e n  p a r t ia l p r e s s u r e :  ( a )  4  b a r , (b )  2  b a r  a n d  ( c )  1 b a r  o n  

F A M E  c o m p o s i t io n  o f  b i o d i e s e l  a f te r  p a r t ia l  h y d r o g e n a t io n .  ( R e a c t io n  c o n d i t io n s :  

1 2 0 ° c ,  5 0  m l /m in  o f  แ 2 f l o w  r a te , 5 0 0  r p m  o f  s t ir r in g  r a te , a n d  1 .5  w t .  %  o f  c a t a ly s t  

c o m p a r e d  w ith  s ta r t in g  o i l ) .
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Cl 8:0 
Cl 8:1
c 18:2
sal. HC

» ......... 0 8 :0
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F ig u re  4 .11 (co n t.)  E f f e c t  o f  h y d r o g e n  p a r t ia l  p r e s su r e :  ( a )  4  b a r , ( b )  2  b a r  a n d  ( c )  1 
b a r  o n  F A M E  c o m p o s i t io n  o f  b i o d i e s e l  a f te r  p a r t ia l  h y d r o g e n a t io n .  ( R e a c t io n  

c o n d i t io n s :  120°c, 5 0  m l /m in  o f  น 2 f l o w  r a te , 5 0 0  r p m  o f  s t ir r in g  r a te , a n d  1 .5  Vvt. %  

o f  c a t a ly s t  c o m p a r e d  w ith  s ta r t in g  o i l ) .
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F ig u re  4 .1 2  F A M E S  c o m p o s i t io n  a f te r  1 h  o f  p a r t ia l h y d r o g e n a t io n  a n d  o p e r a t e d  a t  

1 b a r  2  b a r , a n d  4  b a r  ( R e a c t io n  c o n d i t io n :  1 2 0 ° c ,  5 0  m l /m in  o f  H 2 f l o w  r a te , 5 0 0  

r p m  o f  s t ir r in g  r a te , a n d  1 .5  w t .  %  o f  c a t a ly s t  c o m p a r e d  w i t h  s ta r t in g  o i l ) .

T o  c o n f ir m  th e  r e s u lt s  o f  e f f e c t  o f  h y d r o g e n  p a r t ia l  p r e s s u r e ,  t h e  p r e s s u r e  

w a s  v a r ie d  fr o m  2  b a r  a n d  4  b a r  fo r  th e  p a r t ia l h y d r o g e n a t io n  o f  b i o d i e s e l  a n d  

h y d r o g e n  f l o w  r a te  w a s  k e p t  c o n s ta n t  a t 3 0  m l /m in .
T h e  p a r t ia l h y d r o g e n a t io n  r e a c t io n  w a s  c a r r ie d  o u t  a t  4  b a r  o f  h y d r o g e n  

p a r t ia l p r e s s u r e  u s in g  P d /g r a n u le  a c t iv a t e d  c a r b o n  a s  a  c a t a ly s t .  T h e  r e s u lt s  s h o w e d  

th a t  C l 8 :2  d e c r e a s e d  fr o m  4 .1 8 %  to  1 .2 4 %  a n d  C l 8 :1  s l o w l y  d e c r e a s e d  fr o m  

2 6 .5 0 %  t o  2 2 .1 1 % , w h e r e a s  C 1 8 : 0  in c r e a s e d  fr o m  0 .1 4 %  to  7 .4 1 % , a f te r  1 .0  h  o f  

r e a c t io n ,  a s  s h o w n  in  F ig u r e  4 .1 3 ( a ) .  T h e  F A M E S  c o m p o s i t io n  a f t e r  p a r t ia l  
h y d r o g e n a t io n  r e a c t io n  u n d e r  2  b a r  o f  h y d r o g e n  p a r t ia l p r e s s u r e  u s i n g  P d /g r a n u le  

a c t iv a t e d  c a r b o n  is  s h o w n  in  F ig u r e  4 . 1 3 (b ) ,I t  w a s  f o u n d  th a t  C l 8 : 2  d e c r e a s e d  fr o m  

4 .1 8 %  t o  2 .7 2 %  a n d  C l 8 :1  s l o w l y  d e c r e a s e d  f r o m  2 6 .5 0 %  t o  2 3 .4 9 % , w h e r e a s  

C l  8 :0  in c r e a s e d  fr o m  0 .1 4 %  to  5 .6 8 % , a f te r  1 .0  h  o f  r e a c t io n ,  It c a n  b e  s e e n  th a t  th e  

p e r c e n t a g e  o f  F A M E  d e c r e a s e d  w h e n  h y d r o g e n  p a r t ia l  p r e s s u r e  d e c r e a s e d  fr o m  4  b a r  
to  2  b ar.
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Cl 8:0 
C!8:l 
Cl 8:2 
sat. HC

Cl 8:0 
Cl 8:1 
Cl 8:2 
sat. HC

F ig u re  4 .1 3  E f f e c t  o f  h y d r o g e n  p a r t ia l p r e s su r e :  (a )  4  b a r  a n d  ( b )  2  b a r  o n  F A M E  

c o m p o s i t io n  o f  b i o d i e s e l  a f te r  p a r t ia l h y d r o g e n a t io n  r e a c t io n  u s i n g  2  w t .  %  

P d /g r a n u le  a c t iv a t e d  c a r b o n  c a lc in e d  u n d e r  N 2 a t 5 0 0 ° c  ( R e a c t io n  c o n d i t io n :  1 2 0 ° c ,  

3 0  m l /m in  o f  H 2 f l o w  r a te , 5 0 0  rp m  o f  s t ir r in g  r a te , a n d  1 .5  w t .  %  o f  c a t a ly s t s  

c o m p a r e d  w it h  s ta r t in g  o i l ) .
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F r o m  t h e s e  r e s u lt s ,  it c o u ld  b e  s u g g e s t e d  th a t  a t t h e  s a m e  r e a c t io n  t im e  o f  

p a r t ia l h y d r o g e n a t io n  r e a c t io n ,  th e  p e r c e n t a g e s  o f  C l 8 :1  in  b i o d i e s e l  p r o d u c t  a fte r  

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

o f  C l  8 : 0  in  b i o d i e s e l  p r o d u c t  a f te r  p a r t ia l h y d r o g e n a t io n  r e a c t io n  u n d e r  p r e s s u r e  o f  4  

b a r  w a s  h ig h e r  th a n  t h o s e  o f  2  b a r  a n d  1 b a r , r e s p e c t i v e ly .  A c c o r d in g  t o  t h e s e  r e s u lt s ,  
it  c a n  b e  c o n c lu d e d  th a t  h ig h  h y d r o g e n  p a r t ia l p r e s s u r e  d u r in g  p a r t ia l  h y d r o g e n a t io n  

r e a c t io n  le a d s  t o  h ig h  c o n v e r s i o n  o f  c  1 8 :2  a n d  c  1 8 : 1 .

4 .5  E ffec t o f  R ea c tio n  T e m p e r a tu r e

T h e  e f f e c t  o f  t e m p e r a tu r e  w a s  c o n s id e r e d  b y  v a r y in g  fr o m  1 2 0 ° c ,  1 0 0  ° c  

7a n d  80°c o n  th e  p a r t ia l h y d r o g e n a t io n  o f  p o ly u n s a tu r a te d  F A M E S . T h e  r e a c t io n  

c o n d i t io n s  w e r e  o p e r a t e d  a t 4  b a r , 5 0 0  rp m  o f  s t ir r in g  r a te , 1 .5  w t .  %  o f  c a t a ly s t  

c o m p a r e d  to  s ta r t in g  o i l ,  a n d  2  w t .  %  P d /c a r b o n  su p p o r t .
F o r  t h e  p a r t ia l h y d r o g e n a t io n  r e a c t io n ,  th e  F A M E S  c o m p o s i t io n  c a r r ie d  o u t  

a t 1 2 0 ° c  s h o w n  in  F ig u r e  4 .1 4 ( a )  s h o w  th a t  C 1 8 : 2  d e c r e a s e d  fr o m  4 .1 8 %  t o  0 .2 6  %  

a n d  0 8 : 1  s l o w l y  d e c r e a s e s  fr o m  2 6 .5 0 %  to  1 9 .1 6 % , w h e r e a s  0 8 : 0  in c r e a s e d  fr o m  

0 .1 4 %  t o  1 0 .7 9 % , a f te r  1 .0  h  o f  r e a c t io n .  A n d  th e n  th e  p a r t ia l h y d r o g e n a t io n  r e a c t io n  

b y  o p e r a t e d  a t 1 0 0 ° c ,  th e  F A M E S  c o m p o s i t io n  is  s h o w n  in  F ig u r e  4 .1 4 ( b ) ;  0  8 :2  

d e c r e a s e d  fr o m  4 .1 8 %  to  0 .8 3 %  a n d  0 8 : 1  d e c r e a s e s  fr o m  2 6 .5 0  t o  2 1 . 1 1 ,  w h i l e  

0  8 : 0  s l o w l y  in c r e a s e d  fr o m  0 .1 4 %  t o  9 .6 7 % , a f te r  1 .0  h  o f  r e a c t io n .  F o r  t h e  p a r t ia l  

h y d r o g e n a t io n  r e a c t io n ,  t h e  F A M E S  c o m p o s i t io n  o p e r a t e d  u n d e r  t e m p e r a tu r e  8 0 ° c  is  

s h o w n  in  F ig u r e  4 .1 4 ( c ) ;  0  8 :2  d e c r e a s e d  fr o m  4 .1 8 %  to  0 .9 2 %  a n d  0 8 : 1  d e c r e a s e s  

f r o m  2 6 .5 0 %  t o  2 2 .4 1 % , w h i l e  0 8 : 0  in c r e a s e d  fr o m  0 .1 4 %  t o  8 .3 5 % , a f te r  1 .0  h  o f  

r e a c t io n .
T h e r e f o r e ,  i t  c a n  b e  c o n c l u d e d  t h a t  h i g h e r  t e m p e r a t u r e  o f  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  F A M E S  l e a d s  t o  h i g h  c o n v e r s i o n  o f  0 8 : 2  t o

0 8 : 1  a n d  0 8 : 0 .
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— ■■■■ c 18:0
••o ......... c  18:1
—T------ c 18:2—A------ sat. HC

F ig u re  4 .1 4  E f f e c t  o f  R e a c t io n  T e m p e r a tu r e :  ( a )  1 2 0 ° c ,  (b )  1 0 0 ° c  , a n d  ( c )  8 0 ° c  

o n  F A M E  c o m p o s i t io n  o f  b io d ie s e l  a f te r  p a r t ia l h y d r o g e n a t io n  r e a c t io n  u s in g  2  w t .  
%  P d /g r a n u le  a c t iv a t e d  c a r b o n  c a lc in e d  u n d e r  N 2 a t 5 0 0 ° c .
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F i g u r e  4 . 1 4  ( c o n t . )  E f f e c t  o f  R e a c t io n  T e m p e r a tu r e :  (a )  1 2 0 ° c ,  ( b )  1 0 0 ° c  , a n d  ( c )  

8 0 ° c  o n  F A M E  c o m p o s i t io n  o f  b i o d i e s e l  a f te r  p a r t ia l h y d r o g e n a t io n  r e a c t io n  u s i n g  2  

w t .  %  P d /g r a n u le  a c t iv a t e d  c a r b o n  c a l c i n e d  u n d e r  ]ร่เ2 a t 5 0 0 ° c

พ
ร<
ox

35.00
30.00
25.00
20 .00
15.00
10.00  
5.00 
0 .00

80 c  100 c  120 c

« C l 8:2
■  C l 8:1
■  C 18:0

F i g u r e  4 .1 5  F A M E S  c o m p o s i t io n  a f te r  1 h  o f  p a r t ia l h y d r o g e n a t io n  a n d  o p e r a t e d  

u n d e r  t e m p e r a tu r e  120°c, 100°c a n d  80°c.
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4 .6  E ffe c t o f  H y d r o g e n  F lo w  R a te

T h e  e f f e c t  o f  h y d r o g e n  f l o w  ra te  w a s  c o n s id e r e d  b y  v a r y in g  f l o w  r a te  fr o m  

1 0 0  m l /m in  t o  5 0  m l /m in  a n d  3 0  m l /m in  o n  th e  p a r t ia l  h y d r o g e n a t io n  o f  

p o ly u n s a t u r a t e d  F A M E S . T h e  r e a c t io n  c o n d i t io n s  w e r e  o p e r a t e d  a t 4  b a r , 1 2 0 ° c ,  5 0 0  

r p m  o f  s t ir r in g  r a te , 1 .5  w t .  %  o f  c a t a ly s t  c o m p a r e d  t o  s ta r t in g  o i l ,  a n d  2  w t .  %  

P d /c a r b o n  s u p p o r t .
F o r  t h e  p a r t ia l h y d r o g e n a t io n  u s i n g  1 0 0  m l /m in  o f  H 2 f l o w  i s  s h o w n  in  

F ig u r e  4 .1 6 ( a ) ;  C 1 8 : 2  d e c r e a s e s  fr o m  4 .1 8 %  to  0 .2 3 %  a n d  C 1 8 : l  a l s o  s l o w l y  

d e c r e a s e s  fr o m  2 6 .5 0 %  to  2 0 .8 2 % , w h e r e a s  C l 8 :0  in c r e a s e d  fr o m  0 .1 4 %  t o  8 .4 4 % ,  
a f te r  1 .0  h  o f  r e a c t io n :  A n d  fo r  t h e  p a r t ia l  h y d r o g e n a t io n  r e a c t io n  b y  u s e  5 0  m l /m in  

o f  H 2 f l o w ,  t h e  F A M E S  c o m p o s i t io n  s h o w n  in  F ig u r e  4 .1 6 ( b )  i l lu s t r a t e d  C l 8 :2  

d e c r e a s e d  f r o m  4 .1 8 %  t o  0 .2 6 %  a n d  C l 8 :1  d e c r e a s e s  f r o m  2 6 . 5 0  t o  2 2 . 0 5 ,  w h i l e  

C 1 8 : 0  s l o w l y  in c r e a s e d  fr o m  0 .1 4 %  to  8 .6 0 % , a f t e r  1 .0  h  o f  r e a c t io n .  F in a l ly ,  
F A M E S  c o m p o s i t io n  b y  u s e  3 0  m l /m in  o f  H 2 f l o w  w a s  o p e r a t e d  a s  s h o w n  in  F ig u r e  

4 .1 6 ( c ) ;  C l 8 :2  d e c r e a s e d  fr o m  4 .1 8 %  to  1 .2 4 %  a n d  C l 8 :1  s l o w l y  d e c r e a s e s  fr o m  

2 6 .5 0 %  to  2 2 .1 1 % , w h e r e a s  C 1 8 : 0  in c r e a s e d  fr o m  0 .1 4 %  t o  7 .4 1 % , a f te r  1 .0  h  o f  

r e a c t io n .
I t  c a n  b e  c o n c l u d e d  t h a t  C l 8 : 2  a n d  C l 8 :1  d e c r e a s e d  w h e n  h y d r o g e n  f l o w

r a t e ;  h o w e v e r ,  a m o u n t  o f  t h e  s a t u r a t e d  F A M E  ( C l  8 : 0 )  w a s  i n c r e a s e d  w h e n  h y d r o g e n

f l o w  r a t e  w a s  i n c r e a s e d .
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Cl 8:0
Cl 8:1 
Cl 8:2 
sat. HC

Cl 8:0
c  18:1
Cl 8:2 
sat. HC

F i g u r e  4 . 1 6  E f f e c t  o f  h y d r o g e n  f l o w  ra te: ( a )  1 0 0  m l /m in  ( b )  5 0  m l /m in  ( c )  3 0  

m l/m in  o n  F A M E  c o m p o s i t io n  o f  b i o d i e s e l  a f te r  p a r t ia l  h y d r o g e n a t io n  r e a c t io n  u s in g  

2  \ ฬ . %  P d  o n  g r a n u le s  a c t iv a t e d  ( R e a c t io n  c o n d i t io n s :  1 2 0 ° c ,  4  b a r , 5 0 0  r p m  o f  

s t ir r in g  r a te , a n d  1 .5  w t .  %  o f  c a t a ly s t  c o m p a r e d  w i t h  s ta r t in g  o i l ) .
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• C18:0
......... o .......... 08:1----------------- 08:2--------A------ sat. HC

F i g u r e  4 .1 6  ( c o n t . )  E f f e c t  o f  h y d r o g e n  f l o w  ra te : (a )  1 0 0  m l /m i n  ( b )  5 0  m l /m i n  ( c )  

3 0  m l /m in  o n  F A M E  c o m p o s i t io n  o f  b i o d i e s e l  a f te r  p a r t ia l h y d r o g e n a t io n  r e a c t io n  

u s in g  2  w t .  %  P d  o n  g r a n u le s  a c t iv a t e d  ( R e a c t io n  c o n d i t io n s :  1 2 0 ° c ,  4  b a r , 5 0 0  rp m  

o f  s t ir r in g  r a te , a n d  1 .5  w t .  %  o f  c a t a ly s t  c o m p a r e d  w i t h  s ta r t in g  o i l ) .

w c  18:2
■  C18:l
■  c  18:0

Figure 4.17 F A M E S  c o m p o s i t i o n  a f t e r  1 h  o f  p a r t i a l  h y d r o g e n a t i o n  b y  u s e  3 0

m l / m i n ,  5 0  m l / m i n  a n d  1 0 0  m l / m i n  o f  แ 2 f l o w  r a t e .
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A c c o r d in g  t o  t h e s e  r e s u lt s ,  it  c a n  b e  c o n c lu d e d  th a t  t h e  P d /a c t iv a t e d  c a r b o n  

( 0 .5 c m )  e x h ib i t e d  b e t te r  p r o p e r ty  in  te r m  o f  p a r t ia l h y d r o g e n a t io n  c o m p a r e d  to  

P d /a c t iv a t e d  c a r b o n  ( 8 5 0 p m )  b y  a f t e r  1 .0  h  o f  r e a c t io n  a n d  t h e  r e a c t io n  w a s  o p e r a t e d  

u n d e r  p r e s s u r e  4  b a r , 5 0  m l /m in  o f  H 2 f l o w  r a te , 1 2 0 ° c ,  5 0 0  r p m  o f  s t ir r in g  r a te ,
1 .5  w t .  %  o f  c a t a ly s t  c o m p a r e d  to  s ta r t in g  o i l  a n d  2  w t .  %  P d /g r a n u le  a c t iv a t e d  

c a r b o n  s u p p o r t . F ig u r e  4 .1 8  s h o w s  th e  c o m p a r is o n  b e t w e e n  th e  f r e s h  b i o d i e s e l  a n d  

p a r t ia l ly  h y d r o g e n a t e d  b i o d i e s e l .  T h e  p a r t ia l ly  h y d r o g e n a t e  b i o d i e s e l  h a d  b e t te r  

b i o d i e s e l  p r o p e r t ie s ,  e s p e c ia l l y  o x id a t iv 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 ie s  w i t h  

a m in im a l  d e c r e a s e  o f  C l  8 :1 .

70.00
65.00
60.00
55.00
50.00
45.00 

พ 40.00 
<  35.00 
^  30.00

25.00
20 .00
15.00
10.00
5.00 
0.00

C18:0 C18:l C18:2 other
■  before partial hydrogenation saturated HC
® after 1 hour of patial hydrogenation

F i g u r e  4 .1 8  F A M E S  c o m p o s i t io n  a f te r  1 h  o f  p a r t ia l h y d r o g e n a t io n  a n d  o p e r a t e d  a t 

u n d e r  p r e s s u r e  o f  4  b a r , 5 0  m l /m in  o f  FE  f l o w  r a te , 1 2 0 ° c ,  5 0 0  rp m  o f  s t ir r in g  ra te ,
1 .5  Vvt. %  o f  c a t a ly s t  c o m p a r e d  to  s ta r t in g  o i l  a n d  2  w t .  %  P d /g r a n u le  a c t iv a t e d  

c a r b o n .
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