
RESULTS AND DISCUSSION
CHAPTER IV

4.1 Abstract

B i o d i e s e l  o r  f a t t y  a c i d  m e t h y l  e s t e r  ( F A M E )  is  c o n s i d e r e d  o n e  o f  t h e  m o s t  

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

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

p r o p e r t i e s  d e p e n d  o n  t h e  d e g r e e  o f  u n s a t u r a t i o n  i n  t h e  F A M E  c h a i n s .  T h e r e f o r e ,  t h e  

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

o f  t h i s  w o r k  w e r e  to  s t u d y  t h e  e f f e c t  o f  m e ta l  t y p e ;  P d ,  P t ,  a n d  N i ,  a n d  a l s o  s t u d y  t h e  

e f f e c t  o f  s u l f u r  c o m p o u n d  o n  d i f f e r e n t  m e ta l  t y p e s  i n  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  

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

b o t h  b e f o r e  a n d  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  w a s  r e p r e s e n t e d  b y  P d /S iC > 2 . H o w e v e r ,  

t h e  h i g h e s t  s u l f u r  t o l e r a n c e  w a s  e x h i b i t e d  b y  P t /S iC >2 ( 3 7 .0 5 %  l o s s  a c t i v i t y ) .  T h e  

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

i m p r o v e  t h e  b io d i e s e l  p r o p e r t i e s  b y  i n c r e a s i n g  th e  o x i d a t i v e  s t a b i l i t y .

K e y w o r d s :  P a r t i a l  H y d r o g e n a t i o n /  B i o d i e s e l /  M e t a l  T y p e /  O x i d a t i v e  S t a b i l i t y

4.2 Introduction

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

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

w h i c h  a r e  n o t  s u f f i c i e n t  to  s u s t a i n  t h e  i n c r e a s i n g  r a t e  o f  t h e  w o r l d ’s f u e l  c o n s u m p t i o n .  

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

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

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

B i o d i e s e l  o r  f a t t y  a c i d  m e th y l  e s t e r  ( F A M E )  c a n  b e  m a n u f a c t u r e d  f r o m  

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



36

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

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

p a r t i a l  h y d r o g e n a t i o n .

P a r t i a l  h y d r o g e n a t i o n  is  t h e  r e a c t i o n  t h a t  h y d r o g e n  a t o m s  t a k e  p l a c e  in  t h e  

d o u b l e  b o n d  o f  u n s a t u r a t e d  F A M E .  I t  h e l p s  to  s a t u r a t e  t h e  m o l e c u l e  o f  o i l  a n d  

i n 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 .  I n  g e n e r a l ,  n o b l e  m e t a l s  ( N i ,  M o ,  P d ,  P t ,  R h ,  a n d  

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

a n d  s e l e c t i v i t y .

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

b i o d i e s e l  p r o p e r t i e s  b y  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  u s i n g  

d i f f e r e n t  m e t a l s :  N i ,  P d ,  a n d  P t ,  s u p p o r t e d  o n  m e s o p o r o u s  S iC >2 s u p p o r t .  S o y b e a n  o i l  

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

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

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

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

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

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

4.3 Experiment

4 .3 .1  T r a n s e s t e r i f i c a t i o n  o f  S o y b e a n  O i l

A  5 0  g  o f  s o y b e a n  o i l  i s  a d d e d  to  5 0 0  m l  t h r e e - n e c k e d  r o u n d  b o t t o m  

f l a s k  a n d  i s  h e a t e d  o n  h o t  p l a t e  w h i c h  is  s e t  to  b e  6 0  °c. T h e n  t h e  m i x t u r e  o f  

m e t h a n o l  a n d  K O H  c a t a l y s t  i s  p r e p a r e d  b y  u s i n g  1 6 .9  g  m e t h a n o l  (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 )  a n d  0 .5  g  K O H  (1 w t .%  o f  s o y b e a n  o i l ) .  T h e  m i x t u r e  i s  s t i r r e d  u n t i l  i t  

i s  c o m p l e t e l y  m i x e d .  H e a t e d  s o y b e a n  o i l  i s  o b s e r v e d  u n t i l  i t s  t e m p e r a t u r e  r e a c h e s  6 0  

°c  a n d  t h e n  t h e  s o l u t i o n  m i x t u r e  is  a d d e d  a n d  s t i r r e d  t o g e t h e r  a t  3 0 0  r p m .  I t s  

c o n t a i n e r  i s  c o n n e c t e d  to  a  c o n d e n s e r  f o r  1 h o u r  f o r  t r a n s e s t e r i f i c a t i o n  o f  s o y b e a n  o i l .  

A f t e r  t h a t  t h e  c o n t a i n e r  i s  t a k e n  o f f  t h e  c o n d e n s e r  a n d  h o t  p l a t e  a n d  t h e n  i t  i s  l e f t  t o  

c o o l  d o w n .  A f t e r w a r d s ,  t h e  s o y b e a n  o i l  s o l u t i o n  is  p o u r e d  in to  a  s e p a r a t o r y  f u n n e l .  

T h e  o i l  s e p a r a t e s  i n t o  2  p h a s e s  a f t e r  l e a v e  i t  f o r  1 n i g h t ;  t h e  l o w e r  g l y c e r i n e  p h a s e  

w i l l  b e  r e m o v e d ,  a n d  t h e  u p p e r  b io d i e s e l  p h a s e  w i l l  b e  k e p t  in  v o l u m e t r i c  f l a s k .
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4 .3 .2  C a t a l y s t  P r e p a r a t i o n

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

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

u s e d .  A t  t h e  b e g i n n i n g ,  P d  o n  S iC >2 c a t a l y s t s  w e r e  i m p r e g n a t e d  w i t h  a n  a q u e o u s  

s o l u t i o n  c o n t a i n i n g  a p p r o p r i a t e  a m o u n t s  o f  P d ( N H 3) 4 .C l 2 . T h e  t o t a l  a m o u n t  o f  P d  

l o a d i n g  w a s  1 w t .% .  A f t e r  i m p r e g n a t i o n ,  t h e  c a t a l y s t  w a s  d r i e d  b y  a  r o t a r y  

e v a p o r a t o r  a t  r o o m  t e m p e r a t u r e  f o r  2  h o u r s ,  t h e n  a t  6 0  °c  f o r  2  h o u r s ,  a n d  f i n a l l y  b y  

a  v a c u u m  p u m p  a t  6 0  ๐c  f o r  2  h o u r s .  T h e n ,  t h e  c a t a l y s t  i s  c a l c i n e d  u n d e r  a n  o x y g e n  

s t r e a m  a t  3 0 0  °c  w i th  a  h e a t i n g  r a t e  o f  0 .5  ° c / m i n  a n d  1 L /m i n  o f  o x y g e n  f l o w  r a t e .  

L a s t l y ,  t h e  c a t a l y s t  i s  r e d u c e d  b y  h e a t i n g  i t  to  3 0 0  °c  f o r  2 h o u r s  w i t h  a  h e a t i n g  r a t e  

o f  5  ° c / m i n  a n d  1 0 0  m l / m i n  h y d r o g e n  f l o w  r a t e  p r i o r  to  u s i n g  in  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 .  T h e  s a m e  p r o c e d u r e  is  a p p l i e d  f o r  p r e p a r a t i o n  o f  N i  c a t a l y s t  

( l o a d i n g  1 0  w t .% )  a n d  a l s o  P t  c a t a l y s t  ( l o a d i n g  1 .8 2  w t .% ) .  T h e  p r e c u r s o r s  w h i c h  

w e r e  u s e d  f o r  b o th  c a t a l y s t s  a r e  N i ( N 0 3 ) 2 .6 H 2 0  a n d  P t ( N H 3) 4 -C l2 -

4 .3 .3  P a r t i a l  H y d r o g e n a t i o n

T h e  r e a c t i o n  is  c a r r i e d  o u t  in  a  b a t c h  r e a c t o r  w i th  o p e r a t i n g  c o n d i t i o n s  

o f  1 2 0  °c  a n d  4  b a r .  F i r s t l y ,  1 5 0  m l  o f  b io d i e s e l  is  p o u r e d  in to  t h e  r e a c to r .  T h e n ,  

c a t a l y s t  i s  p l a c e d  in  t h e  r e a c t o r  ( 1  w t .%  o f  c a t a l y s t  c o m p a r e d  w i th  s t a r t i n g  o i l )  a n d  

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

i n t o  t h e  r e a c t o r  w i th  t h e  f l o w  r a t e  o f  1 5 0  m l / m i n  a n d  th e  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  o c c u r s .  A f t e r  t h a t ,  t h e  t e m p e r a t u r e  a n d  p r e s s u r e  is  i n c r e a s e d  u p  to  a  d e s i r e d  

p o in t .  D u r i n g  p a r t i a l  h y d r o g e n a t i o n  s t e p ,  t h e  s t i r r e r  i s  u s e d  a t  1 0 0 0  r p m  to  m i x  t h e  

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

a d d i t i o n ,  t h e  s a m p l e  is  c o l l e c t e d  a t  e v e r y  3 0  m i n u t e s .  T h e  H e w l e t t  P a c k a r d  g a s  

c h r o m a t o g r a p h y  5 8 9 0  S e r i e s  II e q u i p p e d  w i t h  a  F I D  d e t e c t o r  is  a p p l i e d  to  a n a l y z e  

t h e  p r o d u c t  b y  u s i n g  n - h e p t a n e  a s  a  s o lv e n t .

4 .3 .4  S u l f u r  T o l e r a n c e

A l ly l  I s o t h i o c y a n a t e  i s  a d d e d  i n t o  b io d i e s e l  b e f o r e  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  i n  o r d e r  to  o b s e r v e  s u l f u r  t o l e r a n c e  o f  e a c h  c a t a l y s t .  P r i o r  to
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s t u d y  s u l f u r  t o l e r a n c e ,  s o y b e a n  o i l  b a s e d - b i o d i e s e l  is  t e s t e d  f o r  s u l f u r  c o n c e n t r a t i o n .  

T h e  i n i t i a l  s u l f u r  c o n c e n t r a t i o n  is  0 .6 4  p p m .  F o r  t h i s  e x p e r i m e n t ,  t h e  s u l f u r  

c o n c e n t r a t i o n  is  d o u b l e d  to  b e  1 .2 8  p p m  f o r  s tu d y  t h e  e f f e c t  o f  s u l f u r  to  c a t a l y s t  

a c t i v i t y .

4 .3 .5  B i o d i e s e l  A n a l y s i s

B i o d i e s e l  a n d  p a r t i a l  h y d r o g e n a t e d  b i o d i e s e l  w i l l  b e  i d e n t i f i e d  t h e  

c o m p o s i t i o n  o f  C 1 2 : 0 ,  C 1 4 : 0 ,  C 1 6 : 0 ,  C 1 8 : 0 ,  C 1 8 : l ,  C 1 8 : 2  a n d  C 2 2 : 0  b y  H e w l e t t  

P a c k a r d  g a s  c h r o m a t o g r a p h  5 8 9 0  S e r ie s  I I .  T h e  G C  e q u i p p e d  w i th  a  f l a m e  i o n i z a t i o n  

d e t e c t o r  ( F I D )  a n d  a  D B - W A X  ( 3 0  m  X  0 .2 5  m m )  f u s e d - s i l i c a  c a p i l l a r y  c o l u m n  

c o a t e d  w i t h  a  0 .1  p m  f i lm  w i l l  b e  u s e d .  A  c a r r i e r  g a s  w i l l  b e  h e l i u m  ( 9 9 .9 9 % )  w i t h  a  

f l o w  r a t e  o f  7 0  m l / m i n .  T h e  f a t t y  a c i d s  w i l l  b e  q u a n t i f i e d  b y  i n j e c t i n g  0 .2  p i  o f  e a c h  

s a m p l e .  T h e  i n j e c t o r  a n d  d e t e c t o r  t e m p e r a t u r e s  w i l l  b e  s e t  a t  2 0 0  ๐c  w i t h  a  s p l i t  r a t i o  

o f  7 5 :1  a n d  2 3 0  °c, r e s p e c t i v e l y .  T h e  o v e n  t e m p e r a t u r e  w i l l  b e  i n i t i a l l y  a t  1 3 0  °c 
a f t e r  a n  i s o t h e r m a l  p e r i o d  o f  2  m i n ,  t h e n  i n c r e a s e d  t o  2 2 0  °c w i t h  a  r a t e  o f  2  °c/min 
a n d  h e l d  f o r  15  m i n  w i t h  t h e  t o t a l  a n a l y s i s  t i m e  o f  6 2  m i n .  F A M E  c o m p o s i t i o n  w i l l  

b e  i d e n t i f i e d  f r o m  t h e  f r a c t i o n  o f  th e  a r e a  u n d e r  t h e  p e a k  a t  d i f f e r e n t  r e t e n t i o n  t im e s .

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

q u a l i t y .  B e c a u s e  o f  i t s  c o n t e n t  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  ( F A M E ) ,  w h i c h  h a v e  

s e v e r a l  d o u b l e  b o n d s  a n d  o x i d i z e  e a s i ly  s o  it  e f f e c t s  o n  v e h i c l e  s y s t e m .  O x i d a t i v e  

s t a b i l i t y  w i l l  b e  a n a l y z e d  a c c o r d i n g  t o  E u r o p e a n  s t a n d a r d  U N E - E N  1 4 2 1 2 : 2 0 0 3  

m e t h o d  u s i n g  a  M e t r o h m  7 4 3  R a n c i m a t  i n s t r u m e n t  ( H e r i s a u ,  S w i t z e r l a n d ) .  S a m p l e  

o f  3 g  w i l l  b e  a n a l y z e d  a t  a  h e a t i n g  b lo c k  t e m p e r a t u r e  o f  1 1 0  °c w i t h  t h e  t e m p e r a t u r e  

c o r r e c t i o n  f a c t o r  (A T )  o f  0 .9 8  °c, a n d  a  c o n s t a n t  a i r  f l o w  o f  1 0  L /h .  T h e  v o l a t i l e  

c o m p o u n d s  f o r m e d  w i l l  b e  c o l l e c t e d  in  t h e  c o n d u c t i v i t y  c e l l  o f  5 0  m l  o f  D I  w a t e r .  

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

b e  r e p o r t e d  a s  t h e  i n d u c t i o n  p e r i o d  ( I P ,  h ) .  A l l  t h e  m e a s u r e m e n t s  w i l l  b e  p e r f o r m e d  

i n  d u p l i c a t e  ( พ a d u m e s t h r i g e  e t  a h ,  2 0 0 9 ) .

T h e  c l o u d  p o i n t  o f  a  l i q u i d  F A M E  m i x t u r e ,  w h i c h  u s u a l l y  o c c u r s  a t  a  

h i g h e r  t e m p e r a t u r e  t h a n  t h e  p o u r  p o in t .  T h e  c l o u d  p o i n t  is  t h e  t e m p e r a t u r e  a t  w h i c h  

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

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

e v e r y  1 °c, t h e  s a m p l e  w i l l  b e  t a k e n  o u t  a n d  i n s p e c t e d  f o r  c l o u d .  I n  a c c o r d a n c e  w i t h  

A S T M  D 2 5 0 0 ,  t h e  o i l  i s  r e q u i r e d  to  b e  t r a n s p a r e n t  in  l a y e r s  4 0  m m  in  t h i c k n e s s .  T h e  

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

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

c o m p o u n d  w h i c h  i s  a  p o t e n t i a l  c a t a l y s t  p o i s o n .  In  A S T M  D 6 7 5 1 ,  b i o d i e s e l  f u e l s  w i l l  

b e  d e t e r m i n e d  b y  D 5 4 5 3  w h i c h  is  a p p l i e d  f o r  s u l f u r  c o n t e n t  d e t e r m i n a t i o n .  T h e  

s a m p l e  is  t e s t e d  b y  u s i n g  u v  f l u o r e s c e n c e  d u r in g  i t s  c o m b u s t i o n .  S O 2 w h i c h  is  

p r o d u c e d  d u r i n g  s a m p l e  c o m b u s t i o n  is  t h e n  c o n v e r t e d  to  e x c i t e d  S O 2 * . A f t e r  t h a t ,  

t h e  e x c i t e d  S O 2 * t r y  i t s e l f  t o  r e t u r n  t o  t h e  s t a b l e  S O 2 s t a te  w h i c h  c a u s e  t h e  

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

a m o u n t  o f  s u l f u r  in  t h e  s a m p l e  ( K n o t h e ,  2 0 0 6 ) .

4 .3 .6  C a t a l y s t  C h a r a c t e r i z a t i o n

A  B r u k e r  D 8  A d v a n c e  X - r a y  d i f f r a c t o m e t e r  s y s t e m  ( X R D )  is  u s e d  t o  

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

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

f o c u s  c e r a m i c  X - r a y  t u b e  w h i c h  g e n e r a t e s  C u K a  r a d i a t i o n  ( 1 .5 4 0 5  Â )  is  u s e d  a s  a n  

X - r a y  s o u r c e  to  o b t a i n  t h e  X R D  p a t t e r n s  a t  r u n n i n g  c o n d i t i o n s  f o r  t h e  X - R a y  t u b e  o f  

4 0  k v  a n d  3 0  m A .  T h e  p r e p a r e d  s a m p l e  w i l l  b e  h e l d  in  t h e  X - r a y  b e a m  a n d  t h e  

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

o f  2 9  in  t h e  r a n g e  o f  5 °  t o  9 0 °  a n d  a  s c a n  s p e e d  u s e d  i s  5 ° / s e c o n d .  F i n a l l y ,  t h e  

o b t a i n e d  X R D  p a t t e r n s  w i l l  b e  c o m p a r e d  t o  t h e  s t a n d a r d  f i le  to  i d e n t i f y  t h e  

c r y s t a l l i n e  p h a s e s  o f  t h e  c a t a l y s t s .

T h e  m e t h o d  u s e d  f o r  m e a s u r i n g  t h e  s p e c i f i c  s u r f a c e  a r e a  a n d  p o r e  s i z e  

d i s t r i b u t i o n  i s  Q u a n t a c h r o m e  A u to s o r b - 1  M P  s u r f a c e  a r e a  a n a l y z e r .  P r i o r  t o  

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

b e  e l i m i n a t e d  b y  h e a t i n g  t h e  c a t a l y s t  u n d e r  v a c u u m  a t m o s p h e r e  a t  2 5 0  ๐c  o v e r n ig h t .  

H e l i u m  g a s  is  u s e d  a s  a n  a d s o r b a t e  f o r  b l a n k  a n a l y s i s  a n d  n i t r o g e n  g a s  is  u s e d  a s  a n  

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

t h e  c a t a l y s t  w i l l  b e  c a l c u l a t e d  b y  t h e  s o f tw a r e .
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4.4 Results and Discussion

4 .4 .1  F e e d  B i o d i e s e l  A n a l y s i s

F o r  F A M E  c o m p o s i t i o n  o f  t h e  f e e d  b i o d i e s e l  d e t e r m i n a t i o n ,  a  g a s  

c h r o m a t o g r a p h  ( G C )  e q u i p p e d  w i t h  a  f l a m e  i o n i z a t i o n  d e t e c t o r  ( F I D )  w a s  a p p l i e d .  

T h e  F A M E S  c o m p o s i t i o n  o f  f e e d  b i o d i e s e l  w a s  s h o w n  i n  T a b l e  4 .1 .  I n  a d d i t i o n ,  t h e  

o v e r a l l  F A M E  c o m p o s i t i o n  o f  f e e d  b i o d i e s e l  w a s  e x h i b i t e d  b y  G C  c h r o m a t o g r a m ,  a s  

p r e s e n t e d  in  F i g u r e  4 .1 .

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

l i n o l e a t e  ( 5 1 .0 0 % )  w h i c h  l e d  t o  e a s y  o x i d i z e .  T h e  c A - m e t h y l  o l e a t e  r e m a i n e d  t h e  

h i g h e r  p e r c e n t a g e  u p  to  2 5 .9 2 % .  T h i s  c o m p o s i t i o n  o c c u r s  n a t u r a l l y  a n d  r e d u c e s  t h e  

m e l t i n g  p o i n t  w h i c h  r e l a t e s  t o  c o l d  f l o w  p r o p e r t i e s  o f  b i o d i e s e l  ( M o s e r ,  2 0 0 9 ) .  F r o m  

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

t h e r e  w a s  1 0 .9 0 %  o f  m e t h y l  p a l m i t a t e  t h a t  n e e d  t o  h o l d  t h i s  c o m p o s i t i o n  c o n s t a n t l y  

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

m e t h y l  l i n o l e n a t e  ( 5 .1 6 % ) ,  it  h a d  g r e a t e r  e f f e c t  o n  a u t o x i d a t i o n  t h a n  th e  o t h e r  

c o m p o s i t i o n s .  M e t h y l  l i n o l e n a t e  ( C l 8 :3 )  c a n  b e  o x i d i z e  a b o u t  t w o  t i m e s  m o r e  e a s i l y  

t h a n  m e t h y l  l i n o l e a t e  ( C l 8 : 2 )  a n d  a l m o s t  h u n d r e d  t i m e s  t h a n  m e th y l  o l e a t e  ( C l 8 :1 )  

( K n o t h e ,  2 0 0 7 ) .
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Table 4.1 F A M E  c o m p o s i t i o n  o f  f e e d  b i o d i e s e l

FAME Structure %

m e t h y l  m y r i s t a t e c  14:0 0 .0 8

m e th y l  p a l m i t a t e C 1 6 : 0 1 0 .9 0

m e t h y l  p a l m i t e l a i d a t e trans- C l  6 : 1 0 .0 5

m e th y l  p a l m i t o l e a t e ๗.ร-C l  6 : 1 0 . 1 2

m e t h y l  h e p t a d e c a n o a t e C 1 7 : 0 0 . 1 1

m e th y l  s t e a r a t e C 1 8 : 0 3 .3 8

/ r a n s - m e t h y l  e l a i d a t e t r a m - C l  8:1 0 .1 4

c i s - m e t h y l  o l e a t e cis-C 1 8 :1 2 5 .9 2

m e t h y l  l i n o l e a t e C 1 8 : 2 5 1 .0 0

m e th y l  l i n o l e n a te C 1 8 : 3 5 .1 6

m e th y l  a r a c h i d a t e C 2 0 : 0 1 . 1 0

m e th y l  t r a n s - e i c o s e n o a t e trans-C20:\ 0 .2 5

m e th y l  c i s - e i c o s e n o a t e ci ร -C 2 0 : l 0 .0 4

m e th y l  b e h e n a t e C 2 2 : 0 0 .5 3

m e th y l  l i g n o c e r a t e C 2 4 : 0 0 .1 9
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Figure 4.1 O v e r a l l  F A M E  c o m p o s i t i o n  o f  f e e d  b i o d i e s e l  f r o m  g a s  c h r o m a t o g r a p h .

4 .4 .2  E f f e c t  o f  M e ta l  T y p e  o n  P a r t i a l  H y d r o g e n a t i o n

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

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

P d / S i 0 2 , P t / S i Û 2 , a n d  N i / S i 0 2 - T h e  r e a c t i o n  w a s  p e r f o r m e d  u n d e r  m i l d  c o n d i t i o n  o f  

1 2 0  ๐c ,  4  b a r ,  1 5 0  m l / m i n  o f  h y d r o g e n  f l o w  r a t e ,  1 0 0 0  r p m  o f  s t i r r i n g  r a t e ,  a n d  1 

w t .%  o f  c a t a l y s t  c o m p a r e d  t o  1 3 0 .3 9 5  g  o f  b i o d i e s e l  ( 1 5 0  m l ) .

T h e  r e s u l t s  o f  e a c h  c a t a l y s t ;  P d / S i 0 2 , P t/S iC > 2 , a n d  N i/S iC > 2 , a r e  

p r e s e n t e d  b e l o w ,  r e s p e c t i v e l y .  S i n c e ,  t h e  o t h e r  c o m p o s i t i o n s  c o n s i s t  o f  C l 4 :0 ,  C l 6 :0 ,  

t r a n s - C  1 5 :1 ,  c i s - C 1 6 : l ,  C 1 7 : 0 ,  C 2 0 : 0 ,  trans-C 2 0 : l ,  cis-C2 0 :1 ,  C 2 2 : 0 ,  a n d  C 2 4 : 0  

r e l a t i v e l y  k e p t  c o n s t a n t  a l o n g  t h e  r e a c t i o n  t im e .  T h e r e f o r e ,  a l l  C l 8  c o m p o s i t i o n s  

w o u l d  b e  f o c u s e d  in  t h i s  s tu d y .
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F i g u r e  4 .2  E f f e c t  o f  m e ta l  t y p e :  ( a )  1 w t .%  P d / S i 0 2  ( b )  1 .8 2  w t .%  P t / S i 0 2  

( c )  10  w t .%  N i /S iC b  o n  F A M E  c o m p o s i t i o n  o f  b i o d i e s e l  a f t e 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  c a t a l y s t  r e d u c e d  u n d e r  แ 2 a t  300°c ( f o r  P d /S iC >2 a n d  P t / S i C b )  a n d  

400°c ( f o r  N i /S iC b )  ( R e a c t i o n  c o n d i t i o n :  120°c, 4  b a r ,  150 m l / m i n  o f  H 2 f l o w  r a t e ,  

1 0 0 0  r p m  o f  s t i r r i n g  r a t e ,  a n d  1 w t .%  o f  c a t a l y s t s  c o m p a r e d  w i t h  130.395 g  o f  

b i o d i e s e l ) .

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

c h r o m a t o g r a p h y  in  o r d e r  to  i d e n t i f y  F A M E  c o m p o s i t i o n  in  t h e  p a r t i a l  h y d r o g e n a t e d  

b io d i e s e l .  T h e  r e s u l t s  r e p r e s e n t e d  t h a t  t h e  h i g h e r  t h e  r e a c t i o n  t im e ,  t h e  h i g h e r  t h e  

c o n v e r s i o n  o f  u n s a t u r a t e d  F A M E s  ( C  1 8 :3 , C 1 8 : 2  a n d  c 1 8 :1  ) w h i l e  t h e  o t h e r  F A M E S  

c o m p o s i t i o n  w a s  q u i t e  s ta b le .  T h e s e  r e s u l t s  a r e  in  a g r e e m e n t  w i t h  p r e v i o u s  s tu d y  

( N u m w o n g  et al, 2 0 1 2 ) .  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  P d / S i C >2 a s  a  

c a t a l y s t ,  t h e  F A M E s  c o m p o s i t i o n  is  s h o w n  in  F i g u r e  4 .2 ( a ) ,  it  e x h i b i t e d  t h a t  C l 8 :3  

d e c r e a s e d  f r o m  4 .7 7 %  to  0 .0 8 %  a n d  C l 8 :2  d e c r e a s e d  f r o m  4 8 .7 2 %  to  0 .9 6 % .  T h e  

a m o u n t  o f  C 7S -C 18:1  s l o w l y  i n c r e a s e d  f r o m  2 7 .6 0 %  to  4 4 . 8 0 %  w i t h i n  2  h o u r s  a n d  

t h e n  i t  g r a d u a l l y  d e c r e a s e d  to  3 0 .5 1 %  w i t h i n  4  h o u r s  o f  t h e  r e a c t i o n .  W h i l e  trans- 
c 1 8 :1  r a p i d l y  i n c r e a s e d  f r o m  1 .3 1 %  a t  i n i t i a l  a n d  r e a c h e d  4 5 .6 3 %  a f t e r  4  h o u r s  o f  

t h e  r e a c t i o n .  T h e  C l 8 :0  c o n t e n t  s lo w l y  i n c r e a s e d  f r o m  3 .3 5 %  to  f i n a l  v a l u e s  a t



45

9.75% after 4 hours o f reaction because of the conversion o f c/T-C18:l. And the 
partial hydrogenation by using Pt/SiC>2 as a catalyst, the FAMES composition is 
shown in Figure 4.2(b); c  18:3 decreased from 4.72% to 0.76% and C18:2 decreased 
from 47.90% to 22.31% after 4 hours o f reaction time, whereas czA-C 18:1 slowly 
increased from 26.35% to 39.91%. Then t r a n s - C \ S : \  continually increased from 
1.24% to 14.23% at 4 hours o f the reaction time. In addition, the composition of 
C l 8:0 gradually increased from 3% at starting time to 6% at the end o f reaction. For 
partial hydrogenation reaction using Ni/SiCE as a catalyst, the FAMES composition is 
shown in Figure 4.2(c); C l8:3 and C l8:2 gradually decreased from 4.97% to 1.49% 
and 48.78% to 30.80%, respectively. While m -C 1 8 :l increased from 26.29% to 
38.25%, the level o f trans-C 18:1 also increased from 0.78% to 8.70% after 4 hours 
o f the reaction. Flowever, the amount o f C l8:0 still relatively kept constant through 
whole reaction time.

The comparison between each catalyst are represented in Figure 6.3. 
This bar chart obviously indicated that Pd catalyst could converted the most o f C l 8:3 
and also the highest content o f C18:2. In addition, the amount o f both trans-C 18:1 
and cA-C18:l much increased. Moreover, C l8:0 contents slightly increased as 
compared to the feed biodiesel. For the other catalysts, they also presented the 
similar trend o f activity, however, Pt catalyst gave the higher catalytic activity than 
Ni catalyst.
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Type of Metal

Figure 4.3 Comparison o f C l 8 FAME composition o f biodiesel after hydrogenation 
reaction (2.5 h) in conditions : 120°c, 4 bar, 150 ml/min o f H2 flow rate, 1000 rpm of 
stirring rate, 1 wt.% o f Palladium loading ,1 .82  wt.% of Platinum loading, 10 wt.% 
of Ni loading, and 1 wt.% of silica catalyst.

In addition, turnover frequency (TOF) which calculate from C l 8:2 
conversion within 0.5 hour o f reaction time was applied in order to confirm the 
catalytic activity o f each catalyst. The turnover frequency equation are shown below;

T O F  (h -1) =
% c o n v e r s i o n  .  ̂ r  1 . , .  1 , -,------------------------X A m o u n t  o f  b i o d i e s e l  (1ฐ )

w t . % m e t a l  w % m e t a l  d i s p e r s i o n  w 1ir
Ï Q Q  ^  Too *  c a t a l y . S t \ 3 )

-H t i m e

By
% c o n v e r s i o n  = C18: 2 t= 0hr -  C18: 2t=0 5hr 
Amount o f biodiesel = 130.395 g
พc a t a l y s t  — 1-30395 g (1 wt. % catalyst compared to amount o f biodiesel (ฐ ))
Time = 0.5 hour
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The percentage of metal dispersion which was obtained by using 
hydrogen chemisorption and TOF o f each catalyst were represented in Table 6.2

T a b le  4.2 Metal Dispersion and Turnover Frequency (TOF)

Catalyst Dispersion (%) TOF (IT1)
P d/S i02 6.88 28,050.09
P t/S i0 2 7.49 7,365.13
N i/S i0 2 5.82 1,298.97

The percentage of metal dispersion showed that Pt (1.82 wt.% loading) 
had the highest value which indicated that the Pt metal well dispersed on silica 
support and had less cluster forming than the others. While metal dispersion o f Ni 
(10 wt.% loading) showed the lowest value, it meant that there were large metal 
cluster forming. In addition, the TOF presented that the Pd catalyst gave the highest 
TOF. It meant that Pd catalyst could be the most suddenly converted C l8:2 within
0.5 hour o f reaction time and followed by Pt and Ni catalyst, respectively. This value 
supported the results that obtained from Gas Chromatography (GC). Moreover, these 
results was consistent with McArdel and co-workers’ research (2011). They 
purposed that Pd based catalysts are more active than the conventional Ni catalyst 
and Pt based catalysts for the hydrogenation o f vegetable oil. Moreover, these study 
also conformed to Numwong and co-workers’ work (2012). The authors purposed 
that Pd/SiÛ2 gave the highest catalytic activity in partial hydrogenation reaction o f 
rapeseed oil based-biodiesel and followed by Pt/SiÛ2 and Ni/SiÛ2, respectively.

4.4.3 Effect o f Sulfur Compound on Catalysts in Partial Flydrogenation
Apart from effect o f metal type o f catalysts used in partial 

hydrogenation, effect o f sulfur compound was also studied. In this part, the partial 
hydrogenation conditions are the same as used in effect o f metal type. Ally 
isothiocyanate was applied as sulfur compound because this compound is generally 
used as insecticide and bacteriocide. It was added into biodiesel in order to study the
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effect o f sulfur content 
Pt/SiÛ2, and N i/Si02 are

on each catalysts. The results o f each catalyst; Pd/SiC>2, 
shown in Figure 4.4(a-c), respectively.

Reaction Time (h)
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Figure 4.4 Effect o f sulfur compound: (a) 1 wt.% Pd/SiC>2 (b) 1.82 wt.% Pt/Si02 

(c) 10 wt.% Ni/SiCE on FAME composition of biodiesel after partial hydrogenation 
reaction using catalyst reduced under air at 300°c (for Pd/SiC>2 and Pt/SiC>2) and 
400°c (for Ni/SiCE) (Reaction condition: 120°c, 4 bar, 150 ml/min o f แ 2 flow rate, 
1000 rpm o f stirring rate, and 1 wt.% o f catalysts compared with 130.395 g of 
biodiesel).

In order to compare the catalytic activity o f each catalyst, bar chart 
was applied and shown in Figure 4.5. Similar to the previous effect, Pd catalyst 
presented the highest catalytic activity. Since, it could convert both C l8:3 and C l8:2 
rapidly within 2.5 hour o f reaction time, and also increased the amount o f Cl 8:1. For 
Pt catalyst and Ni catalyst, they followed the concept o f partial hydrogenation. 
However, Ni catalyst showed the lowest catalytic activity as same as used in 
biodiesel without adding additional sulfur.
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Type of Metal

Figure 4.5 Comparison o f C l 8 FAME composition o f hydrogenated biodiesel (2.5 h) 
with adding additional sulfur compound in conditions : 120°c, 4 bar, 150 ml/min o f 
H2 flow rate, 1000 rpm of stirring rate, 1 wt.% of Palladium loading , 1.82 wt.% of 
Platinum loading, 10 wt.% o f Ni loading, and 1 wt.% of silica catalyst.

Similar to the effect o f metal type used in original biodiesel, the 
catalytic activity was shown by TOF which calculated from C l8:2 conversion within
2.5 hour o f reaction time. These values were represented in Table 4.3, it also 
indicated that Pd catalyst gave the highest catalytic activity and follow by Pt and Ni 
catalyst, respectively.

Table 4.3 Turnover Frequency (TOF) after adding additional sulfur

Catalyst TOF (IT1)
Pd/S i02 10,380.28
P t/S i02 4,636.22
N i/S i0 2 429.55
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Apart from these studies, the comparison between catalytic activity o f 
each catalyst which were used in partial hydrogenation reaction before and after 
adding additional sulfur compound were also concerned. The percentage o f all 
FAME compositions o f feed biodiesel and hydrogenated biodiesel; with and without 
adding additional sulfur compound, were compared as exhibited in Table 4.4.

This table exhibited that after partial hydrogenation reaction, 
hydrogenated biodiesel contained lower triunsaturated FAME and diunsaturated 
FAME, while increased the amount o f monounsaturated FAME (both cis- and trans
isomers) and also slightly increased saturated FAME as compared to feed biodiesel. 
These results were occurred in the similar way for all metal types. After adding 
additional sulfur compound, however, triunsaturated FAME and diunsaturated 
FAME conversion occurred in lower rate as compared to the original hydrogenated 
biodiesel. And there were also less amount o f both monounsaturated and saturated 
FAME.
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Table 4.4 FAME composition (%) o f soybean BDF and hydrogenated BDF with 
and without additional sulfur, after 2.5 hours o f reaction using Pd/S i02, P t/S i02, and 
N i/S i0 2 (in parenthesis is the composition o f C l 8 FAME)

Soybean Pd/S i02 P t/S i0 2 N i/S i0 2

BDF w/o ร with ร w/o ร with ร w/o ร with ร

Saturated FAME 16.31
(3.38)

17.53
(5.18)

17.78
(3.89)

19.58
(4.40)

18.82
(4.69)

19.13
(4.03)

17.18
(4.02)

trans-
Monounsaturated
FAME

0.43
(0.13)

32.27
(32.19)

12.29
( 12 .20)

8.88

(8.60)
4.88

(4.82)
5.46

(5.24)
3.68

(3.60)

cis-
Monounsaturated
FAME

26.07
(25.92)

43.70
(43.46)

36.34
(36.05)

35.36
(35.15)

31.55
(31.10)

33.64
(33.44)

30.20
(29.73)

Diunsaturated
FAME 51.00 5.28 30.74 32.16 39.78 37.67 43.73

Triunsaturated
FAME 5.16 0.13 0.62 1.83 2.97 2.69 3.45

In addition, Figure 4.6 also represented the comparison o f only C l 8 

FAME composition o f both feed biodiesel and hydrogenated biodiesel; with and 
without adding additional sulfur compound. It also indicated that the catalytic 
activity o f each catalyst dropped after adding additional sulfur compound.

According to these results, it can be summarized that sulfur compound 
showed a significant effect on the catalytic activity. It was supported by Numwong et 
al., 2012’ร work and Yu et al., 2012’s work. They proposed that the activity o f 
catalysts decreased after adding additional sulfur compound and lower composition 
o f /rum-isomers was obtained as well.
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Figure 4.6 Comparison o f C l 8 FAME composition between feed biodiesel and 
hydrogenated biodiesel with and without adding additional sulfur compound after 2.5 
hour o f reaction time in conditions : 120°c, 4 bar, 150 ml/min o f H2 flow rate, 1000 
rpm o f stirring rate, 1 wt.% o f Palladium loading , 1.82 wt.% o f Platinum loading, 
10 wt.% of Ni loading, and 1 wt.% of silica catalyst.

In addition, the sulfur tolerance o f catalyst was also concerned by 
using percentage o f loss activity which was calculated from difference o f TOF before 
and after adding additional sulfur compound. For this study, Pt catalyst presented the 
highest sulfur tolerance with was shown by the lowest percentage o f loss activity 
(37.05%). While, Pd catalyst had relatively high percentage o f loss activity (62.99%) 
after adding additional sulfur compound. However, it still be lower than that o f Ni 
catalyst (66.93%). Therefore, the sulfur tolerance o f catalyst in partial hydrogenation 
o f soybean oil based-biodiesel was exhibited in this order; Pt/SiC>2 > Pd/Si02 >
N i/S i02.

P e r c e n t a g e  o f  l o s s  a c t i v i t y  = T O F b ef o r e  adding ร ~  T O F af t er addidng  ร
T O F bef ore adding ร X 100
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Table 4 .5  P ercen tag e  o f  lo ss  ac tiv ity

Catalyst TOF ( h 1) % Loss activityWithout ร W ithS
P d/S i02 28,050.09 10,380.28 62.99
P t/S i0 2 7,365.13 4,636.22 37.05
N i/S i0 2 1,298.97 429.55 66.93

This result is consistent with Matsui and co-worker’s work (2005). 
They exhibited that Pt catalyst could resist sulfur effect than Pd catalyst. They 
purposed the reason that particle size had greater effect on sulfur tolerance. Because 
o f larger particle size, faster metal sulfidation.

The important information were represented in Table 4.6 in order to 
explained the sulfur tolerance which occurred in the similar way as the other author’s 
work. For Ni metal, although it had the smallest size (8.47 nm), it was loaded with 
the highest percentage (10 wt.% metal loading). This caused the high metal cluster 
formation as shown by the lowest percentage o f metal dispersion. For Pd metal, it 
had the biggest particle size (32.14 nm), however, it was loaded on support just 1 
wt.% metal loading and the relatively high percentage o f metal dispersion. From this 
point, it could be indicated that the metal dispersed separately or there was little 
cluster formation which caused the smaller particle size than Ni metal. This might be 
the reason that Pd catalyst obtained the higher sulfur tolerance than Ni catalyst. For 
the highest sulfur tolerance in this study, Pt metal, it had 3 times smaller size than Pd 
metal and slightly larger than Ni metal. Although it was loaded on support with 1.82 
wt.% metal loading, there was highest metal dispersion. That caused the lower metal 
cluster and also the small size o f metal, that led to this metal type had the slowest 
metal sulfidation.

Therefore, it can be conclude that metal particle size had the 
significant effect on catalytic activity in partial hydrogenation reaction o f soybean oil 
based-biodiesel.
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Table 4.6 Percentage o f metal loading and metal dispersion and metal particle size 
o f each catalyst

Metal %Metal loading Particle size 
(nm)

%Metal
dispersion

Pd 1 32.14 6.88
Pt 1.82 10.67 7.49
Ni 10 8.47 5.82

4.4.4 Catalyst Characterization
The characteristics o f the catalysts were obtained using various

analysis tools.

4.4.4.1 X-ray Diffraction (XRD)
The X-ray diffraction patterns o f lwt.% P d/S i02, 1.82 wt.% 

P t/S i02, and 10 wt.% Ni/SiC>2 catalysts are shown in Figure 4.7-9, respectively. 
These catalysts prepared by incipient wetness impregnation (IWI) using 
Pd(NH3)4.Cl2, Pt(NH3)4.Cl2, and Ni(N03)2-6H20 precursor. For drying state of 
Pd/SiC>2 catalyst, the strongest peak for Pd(NH3)4.Cl2 was observed at 19.13° 20 . 
According to Panpranot and co-workers’work (2004), they purposed that diffraction 
peaks for palladium oxide (PdO) were detectable at 33.8° and less so at 42.0°, 54.8°, 
60.7°, and 71.4° 2 0  in calcination state. From Figure 4.7(b), the main characteristic 
peaks for PdO were found at 33.89°, 41.95°, 54.76°, 60.21°, and 71.48° 2 0 , 
respectively. These peaks were indicated that the catalyst was formed to be 
palladium oxide (PdO) after calcination state. In addition, Pd/Si02 catalyst was then 
reduced at 300°c for 2 hours and XRD patterns showed that the four main 
characteristic peaks o f crystalline Pd including plane (1 1 1), (2 0 0), (2 2 0), and 
(3 1 1) at 2 0  o f 40.12, 46.66, 68.12, and 82.10, respectively, were observed. The 
presence o f crystalline Pd in reduction state was confirmed by Numwong et a l, 
(2012). It was meant that this catalyst was reduced to be crystalline Pd before used in
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partial hydrogenation reaction. However, the peaks for Pd/SiÛ2 catalyst in XRD 
patterns were not shown obviously. The reasons were few amount o f Pd loading and 
well-dispersed nature of the catalyst.

XRD analysis o f the Pt/SiC>2 catalyst was represented in 
Fig. 4.8. In drying state, there were 3 main peaks at 12.02°, 24.44°, and 27.34° 2 0 . 
These peaks generally indicated to Pt(NH3)4.Cl2.H20 . After calcination state at 
300°c for 3 hours, XRD patterns changed, there were characteristic peaks o f 
platinum metal (Pt°) instead o f the peaks corresponding to the phases o f PtÜ2 or 
PtCl4 which ensuring the complete reduction to Pt° during the catalyst preparation 
(Telkar et al., 2005). Therefore, there were three main peaks appeared in the 2 0  
range o f 10° to 80° and these peaks were the same in both calcination and reduction 
state. The three Pt reflections at 2 0  o f 39.77°, 46.24°, and 67.46° were assigned to 
face-centered cubic (f.c.c.) Pt (1 1 1), Pt (2 0 0), and Pt (2 2 0), respectively. This 
peak analysis was supported by McArdle’s work who purposed that the Pt reflections 
o f their work occurred at 39.8°, 46.6°, and 67.5° 20.

For Ni/Si02 catalyst, the XRD patterns o f catalyst dried at 
room temperature and 60°c are shown in Figure 4.9(a). No distinct XRD peaks were 
observed for this state. This result indicated the highly dispersed nickel species in the 
dried catalyst (Chen et a l, 2012). After looking in detail, however, there was peak at 
21.03° 20, probably belonging to Ni(N03)2. In addition, there was some peak at 20 
o f 16.16° which indicated to Ni(N03)2.6H20. This might be the result from 
incomplete drying which led to have some water molecules in catalyst after drying 
state. According to Chen and co-workers’ work (2012), they displayed that in 
calcination state at 450°c, the diffraction peaks the diffraction peaks at 37°, 43°, and 
63° might belong to MgO, NiO or the solid solution formed between NiO and MgO. 
The XRD pattern as shown in Figure 6.8(b) represented three main peaks at 20 o f 
37.25°, 43.28°, and 62.88°. After reduction state, the XRD patterns were changed 
from calcination which meant that NiO was formed to be metallic Ni. The two 
distinct peaks at 20 of 44.51° and 51.85° were attributed to f.c.c. Ni (1 1 1), and 
Ni (2 0 0), respectively. This analysis results were also confirm by Chen and co
workers’ work (2012).
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F ig u re  4.7 XRD patterns of spent 1 wt.% Pd supported on silica, (a) Dried 
(b) Calcined (c) Reduced.

Figure 4.8 XRD patterns of spent 1.82 wt.% Pt supported on silica, (a) Dried
(b) Calcined (c) Reduced.
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F ig u re  4.9 XRD patterns of spent 10 wt.% Ni supported on silica, (a) Dried 
(b) Calcined (c) Reduced.

For all catalysts, the crystallite sizes for the reduced samples were calculated 
from the peak width at half height of the diffraction peak by applying Scherrer’s 
equation (Mehta e t  a l ,  2012). In addition, the metal particle sizes were presented in 
Table 4.7.

K x L  
B X c o s d B

By
t = thickness of crystallite
K = constant dependent on crystallite shape (0.89)
L = 1.54 of Cu (๐A)
B = FWHM (full width at half max) or integral breadth 
0 B  = Bragg Angle (71 = 180)
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Table 4.7 Particle size estimated by XRD

M eta l P a r tic le  size 
(nm )

Pd (1 1 1) 32.14
P t( l  1 1) 10.67
Ni (1 1 1) 8.47

4.4.4.2 Surface Area Analyzer (SAA)
The BET surface area, total pore volume, and average pore 

diameter of SiC>2 , Pd/SiC>2, Pt/SiC>2, and Ni/Si02 analyzed by using Autosorb-1 MP 
surface area analyzer were given in Table 4.8. After palladium impregnation on SiC>2 , 
the BET surface area total was slightly increased. On the contrary, total pore volume 
and average pore diameter of Pd/SiÛ2 were decreased as compared to the Si02- It can 
be suggested that palladium was deposited on some pores of the support. For Pt/SiC>2 

and Ni/SiÛ2 catalysts, the BET surface area, total pore volume, and average pore 
diameter were decreased. It can also be concluded that both platinum and nickel were 
accessed in some pores of the SiÛ2 support.

Since the surface area of each catalyst just slightly change as 
compared to silica support. While both total pore volume and average pore diameter 
were decreased insignificantly that the results from some metal deposition in pores of 
support. It can be suggested that these properties do not the significant factor for the 
catalytic activity.
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Table 4.8 Characteristics of SiC>2 , Pd/SiC>2 , Pt/SiC>2 , and Ni/SiC>2 catalyst

S u rface  a re a  
(m 2/g)

T o ta l p o re  vo lu m e 
(m l/g)

A v erag e  p o re  
d ia m e te r  (nm )

S iO l 112.25 1.29 45.83
P d /S i0 2 116.56 1.26 43.09
P t /S i0 2 110.64 1.19 43.14
N i/S i0 2 105.47 1.08 40.77

4.4.5 Properties of Biodiesel
The properties of biodiesel before and after partial hydrogenation 

(with and without additional sulfur content) are presented in Table 4.9. These 
properties were analyzed by EN 14112:2003, ASTM D 2500-02, and ASTM D 6371- 
05 method for oxidation stability, cloud point, and cold filter plugging point, 
respectively.

These data showed that after reaction, the hydrogenated biodiesel gave 
higher oxidative stability. On the contrary, cloud point and cold filter plugging point 
were also increased which the result from increasing saturated FAME in 
hydrogenated biodiesel. However, these three properties of hydrogenated biodiesel 
with adding additional sulfur compound were lower than that of without adding 
sulfur content. These were results from lower catalytic activity in partial 
hydrogenation reaction.

For conclusion, the partial hydrogenation reaction can improve the 
biodiesel properties of soybean oil based-biodiesel especially oxidative stability. This 
was the result from decreasing amount of polyunsaturated FAME particularly C l8:3 
and Cl 8:2. In addition, it also slightly increased the cold flow properties as the result 
from increasing the contents of saturated FAME.
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Table 4.9 Biodiesel properties before and after partial hydrogenation

O xida tive
S tab ility

(h r)

C loud  p o in t
(°C )

C o ld  F il te r  
P lu g g in g  P o in t

(°C )
F eed  B iodiesel 1.4 1 -6
P d /S i0 2

• Hydrogenated 
Biodiesel

• Hydrogenated

30.4 6 0

Biodiesel with 
adding sulfur 7.7 4 -2

P t /S i0 2
• Hydrogenated 

Biodiesel
• Hydrogenated

5.0 4 -2

Biodiesel with 
adding sulfur 3.6 3 -2

N i/S i0 2
• Hydrogenated 

Biodiesel
• Hydrogenated

3.6 3 -2

Biodiesel with 
adding sulfur 3.5 1 -4

4.5 C on clusio n

Partial Hydrogenation reaction was the effective way which used to improve 
the biodiesel properties especially oxidative stability. For this work, all of three metal 
types; Pd, Pt, and Ni, exhibited good partial hydrogenation of soybean oil based- 
biodiesel. They could decrease the contents of C l8:3 and C l8:2 and also increase
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monounsaturated FAME and saturated FAME particularly C l8:1 (both cis- and 
trans-isomers) and C l8:0 contents, respectively. As compared between these 
catalysts, Pd catalyst presented the highest catalytic activity as presented by TOF o f 
C l 8:2 conversion. In addition, this result was consistent with several authors such as 
McArdel et a l,  2011 and Numwong et a l, 2012. After adding additional sulfur, Pd 
catalyst gave the highest catalytic activity; however, Pt catalyst could resist the effect 
o f sulfur compound more than the others. In the same way, the highest sulfur 
tolerance was Pt catalyst. The significant factor for sulfur tolerance was metal 
particle size. The larger particle size gave the faster metal sulfidation. Although, Ni 
metal had the smallest size, there were large cluster formation. This caused the 
lowest sulfur tolerance. Pd metal was the relatively large particle size; however, it 
was loaded on support with the lowest percentage and also well dispersed. There 
were little cluster formation as compared to Ni metal. For Pt metal, the particle size 
was 3 times smaller than Pd metal and exhibited the highest metal dispersion which 
caused the lowest metal cluster formation than the others and showed the highest 
sulfur tolerance in this study.
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