
CHAPTER VI
R E S U L T S  A N D  D IS C U S S IO N

4.1 F eed  B io d ie se l A n a ly s is

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

c h r o m a to g r a p h  (G C )  e q u ip p e d  w ith  a f la m e  io n iz a t io n  d e te c to r  (F I D )  w a s  a p p lie d . 
T h e  F A M E  c o m p o s i t io n s  o f  f e e d  b io d ie s e l  a re  s h o w n  in  T a b le  4 .1 .  In a d d it io n , a 
G C  c h r o m a to g r a m  o f  th e  o v e r a ll  F A M E  c o m p o s i t io n  o f  fe e d  b io d ie s e l  is  p r e s e n te d  in  
F ig u r e  4 .1 .

B io d ie s e l  c o m p o s i t io n s  are m a in ly  6 75-m eth y l o le a t e  ( 2 4 .8 1 % ) ,  m e th y l  
l in o le a te  ( 5 0 .9 3 % ) , m e th y l l in o le n a te  ( 4 .8 6 % ) , m e th y l s tea ra te  (3 .6 2 % ) a n d  m e th y l  
p a lm ita te  ( 1 2 .0 4 % ) .  T h e  f iv e  m o s t  im p o rta n t fa tty  a c id  (C 1 6 :1 , C 1 8 :0 ,  c 18 :1 , c  1 8 :2 , 
C l 8 :3 )  in w e ig h t  p e r c e n ta g e  a c c o u n te d  fo r  a lm o s t  9 6 %  o f  to ta l fa tty  a c id . O n  th e  
o th e r  h an d , a h ig h  c o n te n t  o f  f u l ly  sa tu ra ted  c o m p o u n d s  h a s  a v e r y  n e g a t iv e  im p a c t  
o n  th e  c o ld  p r o p e r t ie s  o f  th e  fu e l  (c lo u d  p o in t  a n d  p o u r  p o in t ) .  S o  th e  d e c r e a s e s  o f  
p o ly u n sa tu r a te s  su c h  as m e th y l s tea ra te  ( C l 8 :3 )  an d  m e th y l l in o le a te  ( C l  8 :2 )  a n d  th e  
in c r e a s e  o f  67 5-m eth y l o le a t e  (6 7 5 -C 1 8 : l)  w i l l  im p r o v e  th e  p r o p e r t ie s  o f  b io d ie s e l  
(Y a n g  et al., 2 0 1 0 ) .  F or th e  b io d ie s e l  f e e d s to c k ,  s o y b e a n  o i l  w a s  s e le c t e d  d u e  to  its  
h ig h  u n sa tu ra ted  c o m p o s i t io n s  a s  c o m p a r e d  to  o th e r  v e g e ta b le  o i l s  s u c h  a s  r a p e se e d  
o r  p a lm  o il  (H o e k m a n  et al., 2 0 1 2 ) .

F ig u re  4 .2  s h o w s  an  F T -IR  sp e c tr u m  o f  fe e d  b io d ie s e l .  T h e  p e a k  a t 3 0 0 6  

c m ' 1 c o r r e s p o n d in g  to  = C -H  s tr e tc h in g  in c /5 -c o n f ig u r a t io n  in d ic a te s  th e  p r e s e n c e  o f  
u n sa tu ra ted  F A M E s , w h e r e  n e a r ly  a ll o f  th e  d o u b le  b o n d s  in  th e  fe e d  b io d ie s e l  are in  
th e  c /5 - fo r m . T h e  p e a k s  at 1 7 4 2  c m '1 and 1 1 6 9  cm "1, w h ic h  c o r r e s p o n d s  to  C - 0  
s tr e tc h in g  an d  ( C = 0 ) - 0  s tr e tc h in g  o f  F A M E  w e r e  a ls o  d e te c te d , r e s p e c t iv e ly  
( N u m w o n g  et al., 2 0 1 2 ) .
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T a b le  4.1 F A M E  c o m p o s i t io n  o f  f e e d  b io d ie s e l

F A M E S tru ctu re %

m e th y l m y r is ta te c  14:0 0 .1 2

m e th y l p a lm ita te c  16:0 1 2 .0 4

m e th y l p a lm ite la id a te /r a m - C 1 6 : l 0 .1 1

m e th y l p a lm ito le a te c A - C 1 6 : l 0 .0 2

m e th y l h e p ta d e c a n o a te C 1 7 :0 0 .4 0

m e th y l stea ra te C 1 8 :0 3 .6 2

tr a m -m e th y l  e la id a te t r a m -c  18:1 0 .1 4

c A -m e th y l  o le a te c A -C 1 8 : l 2 4 .8 1

m e th y l l in o le a te C l  8 :2 5 0 .9 3

m e th y l l in o le n a te C l  8:3 4 .8 6

m e th y l a ra ch id a te C 2 0 :0 0 .9 7

m e th y l t r a m - e ic o s e n o a t e t r a m - C 2 0 : l 0 .1 7

m e th y l c A - e ic o s e n o a t e c A - C 2 0 : l 0 .0 6

m e th y l b e h e n a te C 2 2 :0 0 .3 6

m e th y l l ig n o c e r a te C 2 4 :0 0 .1 7
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F ig u r e  4.1 C h r o m a to g r a m  o f  fe e d  b io d ie s e l  o b ta in  fro m  g a s  c h r o m a to g r a p h .

F ig u r e  4 .2  F T I R  s p e c tr u m  o f  f e e d  b io d ie s e l .
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4 .2  E ffe c t  o f  R e a c tio n  T e m p e r a tu r e  on  P a r t ia l H y d r o g e n a t io n

T o  s tu d y  th e  e f f e c t  o f  r e a c t io n  tem p era tu r e  o n  p artia l h y d r o g e n a t io n  o f  
s o y b e a n  o i l - b a s e d  b io d ie s e l ,  th e  r e a c tio n  w a s  ca rr ied  o u t  o n  th ree  ty p e s  c a ta ly s ts ;  
Pd/SiC>2 , Pt/SiC >2 , and  N i/S iC > 2 . T h e  te m p e r a tu r e  w a s  v a r ie d  fr o m  8 0  °c to  1 0 0  °c an d  
1 2 0  °c, r e s p e c t iv e ly .  T h e  o p e r a t in g  c o n d it io n s  w e r e  o p e r a te d  at 4  bar o f  h y d r o g e n  

p artia l p r e s su r e , 1 5 0  m l/m in  o f  h y d r o g e n  f l o w  rate, 1 0 0 0  rp m  o f  s t ir r in g  ra te, an d  1 
w t.%  o f  th e  c a ta ly s t  c o m p a r e d  to  1 3 0 .3 9 5  g  o f  fe e d  b io d ie s e l  ( 1 5 0  m l) .

F o r  th e  p artia 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  o f  e a c h  
c a ta ly s t;  Pd/SiC >2 , Pt/SiC>2 , a n d  N i / S i 0 2 c o n s i s t  o f  C l 4 :0 ,  C l 6 :0 , tra n s-C l 6 :1 , cis- 
C 1 6 : l ,  C I 7 : 1 ,  C :2 0 :0 ,  trans-C 20 '.\, c is -C 2 0 : l ,  C 2 2 :0 ,  a n d  C 2 4 :0  r e la t iv e ly  k e p t  
c o n s ta n t  a lo n g  th e  r e a c tio n  t im e . T h e  F A M E  c o m p o s i t io n s  o f  c a ta ly s t s  are s h o w n  in  
T a b le  4 .2 . T h e r e fo r e , a ll C l 8 c o m p o s i t io n s  w o u ld  b e  m a in ly  fo c u s e d  in  th is  s tu d y .  
T h e  p e r c e n ta g e s  o f  c  1 8 :0 , c w - C 1 8 : l ,  tra n s-c  1 8:1 , C 1 8 : 2 ,  a n d  c  1 8:3  a fter  p a rtia l 
h y d r o g e n a tio n  r e a c t io n  are s h o w n  in  F ig u r e  4 .3 .
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T a b le  4 .2  F A M E  c o m p o s i t io n s  o f  c a ta ly s t s  a fte r  4  h o f  r e a c t io n  t im e  (1 2 0  ° C )

F A M E S tru ctu re
C o m p o s it io n s  o f  F A M E  (% )

P d / S i 0 2 P t / S i 0 2 N i / S i 0 2
m e th y l  m y r is ta te C 1 4 :0 0.1  1 0 .1 3 0 .1 0

m e th y l  p a lm ita te c  16 :0 1 2 .5 5 1 1 .6 3 1 1 .6 6

m e th y l p a lm ite la id a te tr a m - C l  6:1 0 .1 2 - -

m e th y l  p a lm ito le a te cis-C  16:1 - -  0 .0 9 0 .1 1

m e th y l  h e p ta d e c a n o a te C l  7 :0 ~ 0.11 0 .11 0.1 1

m e th y l  s tea ra te C l  8 :0 4 .4 4 6 .2 5 4 .2 1

/r a n s -m e th y l  e la id a te tr a m -c  18:1 1 4 .0 2 5 .0 6 4 .2 3

c A -m e th y l  o le a te cis-  C l  8:1 5 1 .5 8 3 5 .4 8 3 2 .9 6

m e th y l  l in o le a te C l  8 :2 1 5 .0 3 3 6 .0 5 4 0 .9 2

m e th y l l in o le n a te C l  8 :3 0.10 2 .5 2 2 .9 2

m e th y l  a ra ch id a te C 2 0 :0 0 .4 9 0 .6 9 0 .7 6

m e th y l  tra m - tra m -C  2 0 :1 - 0 .2 9 0 .2 4
e ic o s e n o a t e '

m e th y l  c A - e ic o s e n o a t e cis- C 2 0 : l 0 .1 8 0.10 0 .0 3

m e th y l  b e h e n a te C 2 2 :0 0 .2 5 0 .4 0 0 .3 8

m e th y l l ig n o c e r a te C 2 4 :0 0.10 0 .1 3 0 .1 4
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F ig u r e  4 .3  E f f e c t  o f  m eta l ty p e :  (a )  1 w t.%  P d /S iC >2 (b )  1 .8 2  vvt.% Pt/si02 ( c )  10  
w t.%  N i/S iC >2 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 fte r  p artia l h y d r o g e n a t io n  
r e a c tio n  u s in g  c a ta ly s t  r e d u c e d  u n d e r  H 2 at 3 0 0  ° c  ( fo r  P d /S iC >2 and  Pt/SiC>2)  a n d  4 0 0  
๐c  (fo r  N i / S i 0 2) (R e a c t io n  c o n d it io n :  1 2 0  ๐c ,  4  bar, 1 5 0  m l/m in  o f  H 2 f lo w  rate, 
1 0 0 0  rpm  o f  s t ir r in g  ra te, a n d  1 w t.%  o f  c a ta ly s t s  c o m p a r e d  w ith  1 3 0 .3 9 5  g  o f  
b io d ie s e l ) .

T h e  F A M E s  c o m p o s i t io n  a fter  p artia l h y d r o g e n a t io n  r e a c tio n  u s in g  P d /S i0 2  
a s a  c a ta ly s t  is  s h o w n  in F ig u r e  4 .3 ( a ) .  It s h o w e d  th at C l 8 :3  g r a d u a lly  d e c r e a s e d  
fro m  4 .9 1 %  to  0 .1 0 %  an d  C l 8 :2  ra p id ly  d e c r e a s e d  fro m  4 9 .8 4 %  to  1 5 .0 3 % . C l 8 :0  

s l ig h t ly  in c r e a se d  fro m  3 .8 8 %  to  4 .4 4 %  w ith in  4  h o f  th e  r e a c t io n . T h e  c o m p o s i t io n  
o f  tr a « 5 -C 1 8 : l  r a p id ly  in c r e a s e d  fr o m  0 .5 5 %  at in itia l a n d  r e a ch ed  1 4 .0 2 %  a fte r  4  h 

o f  th e  r e a c t io n , w h e r e a s  th e  c o m p o s i t io n  o f  ๗.ร-C l  8:1 r a p id ly  in c r e a se d  fr o m  2 5 .9 4 %  
to  5 1 .5 8 %  a fter  4  h o f  th e  r e a c t io n . F o r th e  a c t iv ity  o f  Pt/SiC>2, th e  F A M E s  
c o m p o s it io n  is  s h o w n  in F ig u r e  4 .3 ( b ) ;  C l 8 :3  s lo w ly  d e c r e a s e d  from  4 .8 5 %  to  2 .5 2 %  
an d  C l 8 :2  d e c r e a s e d  fro m  4 9 .4 5 %  to  3 6 .0 5 %  a fter  4  h o f  th e  r e a c tio n  t im e , w h e r e a s  
๗.ร-C l  8:1 s l ig h t ly  in c r e a se d  fr o m  2 6 .2 4 %  to  3 5 .4 8 % . In te r e s t in g ly , th e  c o m p o s i t io n  
o f  t r a « s - C 1 8 : l  in c r e a se d  0 .5 4 %  to  5 .0 6 %  w ith in  4  h o f  r e a c t io n . T h e  s ig n if ic a n t  
d if fe r e n c e s  w e r e  fo u n d : Pd c a ta ly s t  p r o m o te d  th e  fo r m a t io n  o f  ๗.ร-C l 8:1 fa s te r  th an
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Pt c a ta ly s t .  C o m p o s it io n  o f  C 1 8 :0  g r a d u a lly  in c r e a s e d  fro m  3 .8 1 %  to  6 .2 5 %  u n til  th e  
en d  o f  r e a c t io n . A n d  th e  la st, p a r tia l h y d r o g e n a t io n  r e a c t io n  b y  u s in g  N i /S iC >2 a s  a 

c a ta ly s t , 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 .3 ( c ) ;  C l 8 :3  a n d  C l 8 :2  
d e c r e a s e d  fro m  4 .9 6 %  to  2 .9 2 %  an d  5 0 .0 1 %  to  4 0 .9 2 % , r e s p e c t iv e ly .  W h i le  cis- 
c  18:1 s l ig h t ly  in c r e a s e d  fro m  2 5 .7 4 %  to  3 2 .9 6 % . T h e  trans-C  18:1 c o n te n t  s l ig h t ly  
in c r e a se d  fro m  0 .3 7 %  to  f in a l v a lu e s  at 4 .2 3 %  a fte r  4  h o f  r e a c t io n .

T h e  r e s u lts  in  F ig u r e  4 .4 ,  e v id e n t ly  s h o w e d  th at th e  P d  c a ta ly s t  p r e s e n te d  
th e  h ig h e s t  c a ta ly s t  a c t iv ity . S in c e ,  it c o u ld  c o n v e r t  b o th  C l 8 :3  a n d  C l 8 :2  ra p id ly  
w ith in  4  h  o f  r e a c t io n  t im e , and  a ls o  in c r e a se d  th e  a m o u n t o f  c / s - C 1 8 : l .  F o r  Pt and  
N i  c a ta ly s ts ,  th e y  f o l lo w e d  th e  c o n c ep t^  o f  p a rtia l h y d r o g e n a t io n . H o w e v e r ,  N i  
c a ta ly s t  s h o w e d  th e  lo w e s t  c a ta ly t ic  a c t iv ity . T h is  r e su lt is  c o n s is t e n t  w ith  th e  w o r k  
d o n e  b y  T H u n y a ra tch a ta n o n  2 0 1 2 .

K Cl 8:3
17773 C18:2

trans-C 18:1
1-------1 cis-C 18:1

C18:0

Feed Biodiesel Pd/SiC>2 Pt/SiC>2 Ni/SiC>2

Type of Metal

F ig u r e  4 .4  C o m p a r is o n  o f  C l  8 F A M E  c o m p o s i t io n  o f  b io d ie s e l  a fter  h y d r o g e n a t io n  
r e a c t io n  (4 h ) in  c o n d it io n s  : 1 2 0  °c, 4 bar, 1 5 0  m l/m in  o f  H2 f l o w  rate, 1 0 0 0  rp m  o f  
s tirr in g  ra te, 1 w t .%  o f  P a lla d iu m  lo a d in g , 1 .8 2  w t.%  o f  P la t in u m  lo a d in g , 10  w t.%  
o f  N i  lo a d in g , a n d  1 w t .%  o f  c a ta ly s t .
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F ig u r e  4 .5  E f fe c t  o f  m e ta l ty p e : (a )  1 vvt.%  P d /S iC E  (b )  1.82 w t.%  P t/S iC E  (c )  10 
w t.%  N i /S i0 2  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 fte r  p artia l h y d r o g e n a t io n  
r e a c t io n  u s in g  c a ta ly s t  r e d u c e d  u n d er  FE at 300 ๐c  ( fo r  P d /S iC E  and  P t/S iC E ) a n d  400 
°c  ( fo r  N i/S iC E )  (R e a c t io n  c o n d it io n :  100 °c, 4 bar, 150 m l/m in  o f  FE f lo w  rate, 
1000 rpm  o f  stir r in g  ra te, a n d  1 w t.%  o f  c a ta ly s ts  c o m p a r e d  w ith  130.395 g  o f  
b io d ie s e l ) .

F o r  P d /S iC E , th e  F A M E S  c o m p o s i t io n  ca rr ied  o u t  at 1 0 0  °c are s h o w n  in  
F ig u r e  4 .5 ( a ) .  It s h o w e d  th a t C l 8 :3  and  C l 8 :2  d e c r e a s e d  fro m  5 .0 3 %  to  0 .0 5 %  a n d  
4 9 .8 4 %  to  1 7 .6 5 % , r e s p e c t iv e ly ,  at 4  h o f  th e  r e a c tio n  t im e . W h ile  C l  8 :0  g r a d u a lly  
in c r e a s e d  fro m  3 .8 3 %  to  4 .3 3 %  a fter  4  h o f  th e  r e a c t io n . T h e  c /5 - C 1 8 : l  c o n te n t  
s l ig h t ly  in c r e a se d  fro m  2 5 .9 1 %  to  5 0 .2 2 % . In a d d it io n , th e  tra n s-C l 8:1 c o n te n t  
s l ig h t ly  in c r e a s e d  fro m  0 .5 0 %  to  f in a l v a lu e s  at 1 3 .5 2 %  a fter  4  h o f  r e a c t io n .  
C a ta ly t ic  a c t iv ity  o f  P t/S iC E  at 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 re  
4 .5 ( b ) .  It i llu s tr a te d  th at C l 8 :3  d e c r e a s e d  fro m  4 .9 1 %  to  3 .4 3  a n d  C l 8 :2  s lo w ly  
d e c r e a s e d  fr o m  4 9 .3 0 %  to  4 1 .2 1 % . W h ile  C 1 8 :0  s l ig h t ly  in c r e a se d  fr o m  3 .8 8 %  at  
s ta r tin g  t im e  to  4 .7 2 %  at th e  e n d  oT r e a c tio n  t im e . T h e  c o n t e n t  o f  c / s - C 1 8 : l  g r a d u a lly  
in c r e a s e d  fr o m  2 6 .5 8 %  to  3 0 .9 5 %  a fter  4  h o f  th e  r e a c t io n . T h e  fr a m ;-C 1 8 : l  c o n te n t
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continually increased from 0.64% to 3.00% at 4 h of the reaction. And the partial 
hydrogenation reaction by using Ni/SiC>2 as a catalyst, it was operated at 100 °c, the 
FAMEs composition is shown in Figure 4.5(c). The composition of Cl 8:3 and Cl 8:2 
slowly decreased from 5.04% to 4.00% and 50.26% to 45.56%, respectively. While 
c/s-C18:l slightly increased from 25.56% to 29.16%. The trans-C l8:1 content 
slightly increased from 0.26% to final values at 1.86% after 4 h of reaction.

The catalytic activity of each catalyst is compared in Figure 4.6, the 
Pd catalyst presented the highest catalytic activity. Since, it could convert both C l8:3 
and C l8:2 rapidly within 4 h of reaction time, and"also increased the amount of 
cis-C  18:1. For Pt and Ni catalysts,, they followed the concept of partial 
hydrogenation. However, Ni catalyst showed the lowest catalytic activity. Thisjesult 
is consistent with the work done by Thunyaratchatanon 2012.

e๐
พ6ีa.B๐Ûพร<u-

H  08 :3  
(7 7 7 } 0 8 :2

I---------1 c is -C 18 :l
■ B n  0 8 :0

Feed Biodiesel Pd/SiC>2 Pt/SiC>2

Type of Metal

N i/S i0 2

Figure 4.6 Comparison of Cl 8 FAME composition of biodiesel after hydrogenation 
reaction (4 h) in conditions : 100 ๐c, 4 bar, 150 ml/min of H2 flow rate, 1000 rpm of 
stirring rate, 1 wt.% of Palladium loading , 1.82 wt.% of Platinum loading, 10 wt.% 
of Ni loading, and 1 wt.% of catalyst.
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Figure 4.7 Effect of metal type: (a) 1 wt.% Pd/Si02 (b) 1.82 wt.% Pt/Si02 (c) 10 
wt.% Ni/Si02 on FAME composition of biodiesel after partial hydrogenation 
reaction using catalyst reduced under แ 2 at 300 ๐c  (for Pd/SiC>2 and Pt/SiCE) and 400 
°c (for Ni/SiC>2) (Reaction condition: 80 °c, 4 bar, 150 ml/min of H2 flow rate, 1000 
rpm of stirring rate, and 1 wt.% of catalysts compared with 130.395 g of biodiesel).

At temperature of 80 °c, the catalytic activity of Pd/Si02 was studied, as 
shown in Figure 4.7(a). It exhibited that c  18:3 and C18:2 dramatically decreased 
from 4.31% to 0.78% and 45.82% to 23.65%, respectively, after 4 h of the reaction. 
The level of Cl 8:0 slightly increased from 3.84% to 4.11% after 4 h of reaction. For 
c/s-C18:l and trans-C  18:1 increased from 25.70% to 45.26% and 0.56% to 10.95% 
at 4 h of the reaction time. For Pt/Si02 catalyst, the FAMES composition carried out 
at 80 °c are shown in Figure 4.7(b). It showed that both C l8:3 and C l8:2 gradually 
decreased from 4.31% to 3.75% and 50.51% to 40.48%, respectively. Whereas the 
level of Cl 8:0 continually increased from 3.57% to 4.80% at 4 h of the reaction time. 
In addition, the composition of both c/x-C18:l and tra n s-C18:l gradually increased 
from 25.80% to 33.15% and 1.53% to 2.13%, respectively. And the last partial 
hydrogenation reaction by using Ni/Si02 as a catalyst, the FAMES composition
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carried out at 80 °c are shown in Figure 4.7(c). It exhibited that C l8:3 and C l8:2 
decreased from 5.51% to 4.29% and 50.36% to 45.14%, respectively, at 4 h of the 
time reaction. The level of Cl 8:0 slightly increased from 3.99% to 4.14% at 4 h of 
the reaction time. Both cA-C18:l and tra n s-C l8:1 gradually increased from 26.09% 
to 27.92% and 0.34% to 1.08%, respectively, after 4 h of the reaction.

The performance of each catalyst shown in Figure 4.8, evidently showed 
that the Pd catalyst presented the highest catalyst activity. Since, it could convert 
both C l8:3 and C l8:2 rapidly within 4 h of reaction time, and also increased the 
amount of cis-C  18:1. For Pt and Ni catalysts, they followed the concept of partial 
hydrogenation. However, Ni catalyst showed the lowest catalytic activity. This result 
is consistent with the work done by Thunyaratchatanon 2012.

Feed Biodiesel Pd/SiC>2 Pt/Si02 N i/S iC>2

Type of Metal

Figure 4.8 Comparison of Cl 8 FAME composition of biodiesel after hydrogenation 
reaction (4 h) in conditions : 80 ๐c, 4 bar, 150 ml/min of H2 flow rate, 1000 rpm of 
stirring rate, 1 wt.% of Palladium loading, 1.82 wt.% of Platinum loading, 10 wt.% 
of Ni loading, and 1 wt.% of catalyst.
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From bar chart shown in Figure 4.9, it can be concluded that an increase in 
reaction temperature of partial hydrogenation of polyunsaturated FAMES leads to an 
increase in trans-CXR'A content. This result is in accordance with the work done by 
Numwong and co-workers. They found that the increase in temperature caused an 
increase of tra n s-C l8:1 and C l8:0. This was a double bond migration and 
isomerization of the ๙.ร-Cl 8:1 to the t r a m -C l8:1 as the result of the higher 
temperature and higher reaction rate at the higher temperature according to kinetics 
principle (Numwong e t a i ,  2012). Interestingly, the Ni catalyst was carried out at 
80 °c  showed the lowest amount of tr a m -C \& :\, ๙,ร-C l8:1, and C l8:0, and also 
showed the highest level of Cl 8:2.

a๐
c/l65 .E๐บพร<น-

M B  C l8:3 
โ7773 C l8:2 
■ ■ ■  trans-C 18:1
I------- 1 cis-C 18:1
M H  0 8 : 0

Feed Biodiesel 120 c  100 c 80 c
Temperature
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Feed Biodiesel 120 c  100 c  80 c
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Figure 4.9 Effect of temperature: (a) 1 wt.% Pd/Si02 (b) 1.82 wt.% Pt/Si02 (c) 10 
wt.% Ni/Si02 on FAME composition of biodiesel after partial hydrogenation 
reaction using catalyst reduced under H2 at 300 °c (for Pd/Si02 and Pt/Si02) and 400 
๐c  (for Ni/Si02) (Reaction condition: 120 ๐C-80 °c, 4 bar, 150 ml/min of Pl2 flow 
rate, 1000 rpm of stirring rate, and 1 wt.% of catalysts compared with 130.395 g of 
biodiesel).
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T h e  a c tu a l m e ta l c o n te n t  w a s  d e te r m in e d  b y  a to m ic  a b so r p tio n  s p e c tr o s c o p y  

( A A S ) .  T h e s e  ca ta ly s ts ;  P d /S i0 2 ,  Pt/SiC>2 , a n d  N i/S iC >2 w e r e  p rep a red  b y  in c ip ie n t  

w e tn e s s  im p r e g n a tio n  (IW I) m e th o d  u s in g  P d (N H 3) 4.C l2 , P t (N H 3 )4 .C l2 .H 2 0 , a n d  
N i(N C > 3 )2 .6 H 2 0  p r ecu r so rs , r e s p e c t iv e ly .  T h e  p e r c e n ta g e s  o f  m e ta l lo a d in g  o n  e a c h  
ty p e  o f  c a ta ly s t s  d e te r m in e d  b y  A A S  a re s h o w n  in  T a b le  4 .3 .  In th is  w o r k , 1- w t.%  P d  
w a s  lo a d e d  o n  Pd/SiC>2 , th e  a c tu a l m e ta l c o n te n ts  w e r e  a b o u t 0 .9 3  w t.% . F o r  1 .8 2  

w t.%  o f  P t c a ta ly s t  lo a d e d  o n  Pt/SiC>2 , th e  a ctu a l a m o u n ts  o f  P t w e r e  a b o u t 1 .6 2  
w t.% . U s in g  N i  as c a ta ly s t ,  th e  m eta l w a s  lo a d e d  1 0  w t.%  o n  N i ,  th e  a c tu a l N i  
c o n te n ts  w e r e  a b o u t 9 .4 6  w t.% .

Table 4.3 T h e  p e r c e n ta g e  o f  m e ta l lo a d in g  o n  e a c h  ty p e  o f  c a ta ly s ts

C a ta ly s ts

M eta l lo a d in g  (w t.% )

E x p e c te d  L o a d in g A c tu a l L o a d in g

P d / S i 0 2 1 .0 0 .9 3

P t / S i 0 2 1 .8 2 1 .6 2

N i / S i 0 2 1 0 .0 9 .4 6

T h e  c a ta ly t ic  a c t iv it ie s  o f  th e  p rep a red  c a ta ly s ts  u s e d  in  p a rtia l 
h y d r o g e n a t io n  o f  b io d ie s e l  a re  s h o w n  b y  tu r n o v e r  f r e q u e n c y  (T O F ) w h ic h  c a lc u la te d  
fro m  C l 8 :2  c o n v e r s io n  w ith in  4  h o f  r e a c t io n  t im e . T O F  w a s  a p p lie d  in  o rd e r  to  
c o n f ir m  th e  c a ta ly t ic  a c t iv it y  o f  e a c h  c a ta ly s t .  T h e  tu r n o v e r  f r e q u e n c y  e q u a t io n  is  
s h o w n  b e lo w ;

TOF  o - 1 )  =
% c o n v e r s io n  „ 4. r , .  J.  1 , , .----------------------X A m o u n t o f  b io d ie s e l  (g )

w t .% m e ta l  % m e ta l  d i s p e r s io n  T,_ . .
------1 0 0 ----- x  ------------- 100------------  x  w c a ะa l y M



Where
% conversion = C 1 8 :2 t=0h r -  C 1 8 :2 t=4hr 

Amount of biodiesel = 130.395 g
Wcatalyst = 1.30395 g (1 wt.% catalyst compared to amount of biodiesel (g))
Time = 4 h

The activity of the catalysts in term of TOF is displayed in Table 4.4. The 
order of the activity of each catalyst based on TOF was: Ni catalyst < Pt catalyst < 
Pd catalyst. This can be explained that Pd catalyst could be the most active catalyst. 
It suddenly converted Cl 8:2 within 4 h of reaction time and followed by Pt and Ni 
catalyst, respectively. These results were consistent with Thunyaratchatanon 2012. 
Moreover, this รณdy also agrees well with MaAdel et a l., 2011. They found that Pd 
based catalysts are the most active compared to the Ni catalyst and the Pt catalyst for 
oil hydrogenation.

The percentages of metal dispersion of each catalyst measured by a CO 
pulse adsorption method are displayed in Table 4.4. The metal dispersion of Pd, Pt, 
and Ni were about 14.0%, 7.42%, and 5.60%, respectively. It is noticed that Pd 
dispersion has the highest value which indicated that Pd metals well dispersed on 
silica support. While Ni has the lowest dispersion value. The order of the particle 
size of each catalysts were: Pd (1 wt.% metal loading) > Pt (1.82 wt.% metal 
loading) > Ni (10 wt.% metal loading).

Metal particle size was measured from X-ray diffractometer. For all 
catalysts, the metal particle size was calculated by applying Scherrer’s equation. The 
particle size of Pd, Pt, and Ni catalysts were 24.92 nm, 11.01 nm, and 5.64 nm, 
respectively. The large particle size of Pd/SiC>2 could enhance the adsorption of 
polyunsaturated FAMES on the metal surface and also transform of cA-isomer to 
tra n s-isomer (Thunyaratchatanon 2012).
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Table 4.4 Percentage of metal dispersion, particle size and Turnover Frequency 
(TOF)

Catalysts Metal (111) Particle size 
(nm)a

%MetaI 
dispersion b

TOF (h 1)

Pd/Si02 Pd 24.97 14.00 3,958.93

Pt/Si02 Pt 11.01 7.42 1,856.80

Ni/Si02 Ni 5.64 5.60 233.04

a Particle size, measured by X-ray diffractometer.
b Metal dispersion, measured by CO pulse adsorption (Model R6015, Ohkura).

Figure 4.10 presents the XRD patterns of the 1 wt.% Pd/Si02 catalyst. For 
drying state, diffraction peaks were observed at 22.13° and 30.96°. These peaks 
corresponded to the peaks of Pd(NH3)4 .Cl2 . In calcination state, the one main peak of 
metallic Pd and two main characteristic peaks of PdO according to the peaks at 
41.05°, 60.20°, and 71.28°, respectively, were observed. After reduction state, PdO 
was reduced to metallic palladium. Diffraction peaks indicative of Pd were evident at 
40.01° (1 1 1), 46.55° (2 0 0), and 68.20° (2 2 0), respectively. According to 
Numwong e t a i ,  2012, the characteristic peaks of Pd including plane (1 1 1), (2 0 0), 
and (2 2 0) were found at 20 of 40.20°, 46.80°, and 68.25°, respectively.

Figure 4.11 shows the XRD patterns of Pt/Si02 catalyst. The broad peak at 
around 20° is due to diffraction by amorphous Si02 (Kaneko e t a l., 2012). In drying 
state, diffraction peaks were observed at 12.0°, 24.4°, and 27.2°. These peaks 
correspond to the peaks of Pt(NH3)4.Cl2.H20. The catalyst calcined at 300 °c  for 3 h, 
showed diffraction peaks of metallic Pt at 39.7° and 46.1°. This result was also 
confirmed by Ito et a l., 2010. The Pt/Si02 catalyst reduced at 300 °c  for 2 h also
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showed the two main characteristic peaks of metallic Pt , 20 = 39.7° and 46.2°, 
which assigned to f.c.c. Pt(l 1 1) and Pt(2 0 0), respectively (McArdle et al., 2010).

The X-ray diffraction patterns of 10 wt.% Ni/SiÛ2 catalyst are shown in 
Figure 4.12. For drying state of Ni/SiÛ2 catalyst, there is one main peak at 21.6°, 
which is the characteristic of Si02. The XRD pattern of the calcined catalyst showed 
peaks at 37.0°, 43.2°, and 62.8°, which are characteristics of NiO. Cruz et al., 2011 
and Park e t al., 2004 also found the NiO peaks observed at 20 = 37®, 43°, and 62°. 
After reduction state, NiO was reduced to metallic nickel. The XRD patterns of Ni 
was observed at 20 = 44.6°, 51.9°, and 76.2° (SSraswat et al., 2013 and Zhu et a l.,
2011).

2 Theta (Degree)
Figure 4.10 XRD patterns of 1 wt.% Pd supported on silica (a) dried, (b) calcined, 
and (c)reduced.
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Figure 4.11 XRD patterns of 1.82 wt.% Pt supported on silica (a) dried, 
(b) calcined, and (c) reduced.

Figure 4.12 XRD patterns of 10 wt.% Ni supported on silica (a) dried, 
(b) calcined, and (c) reduced.
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The BET surface area, total pore volume, and average pore diameter of 

SiC>2 , Pd/SiC>2 , Pt/SiC>2 , and Ni/SiC>2 , which were analyzed by using Autosorb-1 MP 

surface area analyzer are given in Table 4.5. It was found that, after Pd was 

impregnated on SiC>2 the BET surface area, total pore volume, and average pore 

diameter were slightly decreased as compared to the original support (Si02). It can 

be indicated that palladium was accessed in some pores of the support. For the Pt and 

- Ni catalysts supported on SiC>2 , they also presented the similar trend with Pd/SiC>2 . 

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 o f support. 

Because of slight difference of surface properties between each catalyst, it can be 

suggested that these properties do not the significant factor for the catalytic activity.

Table 4.5 Surface area, total pore volume, and average pore diameter of SiC>2 , 

Pd/SiÛ2 , Pt/SiC>2 , and Ni/Si02 catalyst from Autosorb-1 MP surface area analyzer

Catalyst Surface area 

(m2/g)

Total pore 

volume (ml/g)

Average pore 

diameter (nm)

Si02 ' 112.50 1.27 45.17

Pd/Si02 109.80 1.19 43.34

Pt/Si02 110.00 1.20 43.46

Ni/Si02 112.40 1.11 39.31
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T h e  e f f e c t  o f  m a g n e s iu m -m o d if ie r  o n  p a rtia l h y d r o g e n a t io n  o f  s o y b e a n  o i l -  

b a sed  b io d ie s e l  w a s  s tu d ie d . T h e  r e a c t io n  w a s  ca rr ied  o u t on  th ree  ty p e s  c a ta ly s ts ;  

P d -M g/S iC > 2 , P t-M g/S iC > 2 , and  N i-M g /S iC > 2 , lo o k in g  fo r  a d e c r e a s e  in th e  trans-  
iso m e r  fo r m a tio n  d u r in g  th e  p artia l h y d r o g e n a t io n  r e a c t io n . T h e  r e a c tio n  w e r e  
o p er a ted  a t 4  bar o f  h y d r o g e n  p artia l p r e s su r e , 80 °c, 150 m l/m in  o f  h y d r o g e n  H o w  
rate, 1000 rp m  o f  s t ir r in g  ra te, an d  1 w t.%  o f  th e  c a ta ly s t  c o m p a r e d  to  130.395 g  o f  
feed  b io d ie s e l  (150 m l) .

T h e  F A M E S  c o m p o s i t io n  m fte r  p artia l h y d r o g e n a t io n  r e a c t io n  b y  u s in g  

P d -M g /S iC >2 a s  a c a ta ly s t  is  s h o w n  in  F ig u r e  4 .1 3 ( a ) .  It e x h ib ite d  th a t C l 8 :3  a n d  
C l 8:2  d r a m a tic a lly  d e c r e a s e d  fro m  5 .0 5 %  to  0 .7 8 %  and  5 0 .2 1 %  to  2 2 .4 1 % ,  
r e s p e c t iv e ly  a fter  4  h o f  th e  r e a c t io n . T h e  le v e l  o f  C l  8 :0  in c r e a se d  fr o m  3 .8 9 %  to  
4 .6 0 %  a fte r  4  h o f  th e  r e a c t io n . F o r  c A - C 1 8 : l  a n d  t r a m - C l 8:1 c o n t e n ts  in c r e a se d  
from  2 6 .0 9 %  to  4 7 .8 4 %  an d  0 .3 3 %  to  8 .5 7 % , r e s p e c t iv e ly ,  at 4  h o f  th e  r e a c t io n  
t im e . F o r  m o d if ie d  P t c a ta ly s t , P t - M g / S i 0 2, o p e r a te d  at 8 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 re  4 .1 3 ( b ) .  It p r e se n te d  th at C l 8 :3  d e c r e a s e d  fro m  
5 .0 9 %  to  2 .9 8 %  an d  C l 8 :2  d e c r e a s e d  fr o m  5 0 .1 0 %  to  3 5 .3 6 % . W h ile  C l 8 :0  s l ig h t ly  
in c r e a se d  fr o m  3 .9 3 %  at s ta r tin g  t im e  to  6 .4 4 %  at th e  en d  o f  r e a c t io n  t im e . T h e  
c o n te n t  o f  c A - C 1 8 : l  g r a d u a lly  in c r e a s e d  fro m  2 6 .0 7 %  to  3 8 .1 4 %  a fter  4  h o f  th e  
rea c tio n . T h e  /r < m s-C 1 8 :l c o n te n t  c o n t in u a l ly  in c r e a se d  fro m  0 .1 5 %  to  1 .4 7 %  at 4  h 
o f  th e  r e a c t io n . A n d  th e  la s t , p artia l h y d r o g e n a tio n  r e a c t io n  b y  u s in g  N i - M g /S i0 2  a s  
a c a ta ly s t , 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 3 ( c ) .  T h e  c o m p o s i t io n  o f  
C l 8:3  a n d  C l 8 :2  g r a d u a lly  d e c r e a s e d  fr o m  5 .5 2 %  to  4 .5 3 %  a n d  5 0 .4 3 %  to  4 6 .3 9 % ,  
r e s p e c t iv e ly .  T h e  le v e l  o f  C l 8 :0  in c r e a s e d  from  3 .6 2 %  to  4 .1 6 %  a fte r  4  h o f  th e  
r e a c tio n . W h ile  cis-C  18:1  s l ig h t ly  in c r e a s e d  fro m  2 5 .7 2 %  to  2 8 .2 8 % . T h e  trans-  
c  18:1 c o n te n t  s l ig h t ly  in c r e a se d  fro m  0 .2 8 %  to  f in a l v a lu e s  at 0 .9 6 %  a fter  4  h o f  
rea c tio n .

A n  in te r e s t in g  o b s e r v a t io n  is  an  in c r e a se  o f  b o th  C l 8 :0  an d  c A - C 1 8 : l  
c o m p o s i t io n  w ith  th e  t im e  o n  s tr e a m , th e  tr a m -C l 8:1 c o n te n t  d e c r e a s e s  w ith  th e  
a d d it io n  o f  m a g n e s iu m  m o d if ie r , a s  p r e s e n te d  in F ig u r e  4 .1 1 .  T h is  r e su lt  a g r e e s  w e l l

4.3 Effect of Modifier on Partial Hydrogenation
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w ith  th e  w o r k  o f  T o n e tto  a n d  c o -w o r k e r s .  T h is  c a u s e d  a  b lo c k  o f  p art o f  th e  s u r fa c e  
b y  th e  m o d if ie r s  (T o n e t to  et a l., 2 0 0 9 ) .
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-------• ------- C18:0
.......๐ ....... t-C  18:1
-------T------- c-C 18:1
_ .  —A--- --- C18:2
—  — c  18:3

F ig u r e  4 .1 3  E f fe c t  o f  m o d if ie r  o f  b io d ie s e l  a fte r  h y d r o g e n a t io n  r e a c t io n  (4  h ) in  
c o n d it io n s  ะ 8 0  °c, 4  bar, 1 5 0  m l/m in  o f  F f  f l o w  rate, 1 0 0 0  rp m  o f  s t ir r in g  ra te , 1 
w t.%  o f  P d -M g  lo a d in g , 1 .8 2  w t .%  o f  P t -M g  lo a d in g , 10  w t.%  o f N i - M g  lo a d in g  and  
1 w t .%  o f  ca ta ly s t .

F rom  th e  r e su lts  s h o w n  in F ig u re  4 .1 4  and  T a b le  4 .6 ,  it e v id e n t ly  s h o w e d  
th a t a lo w e r  tra n s-C l 8:1 c o n t e n t  w a s  o b s e r v e d  fo r  a ll c a ta ly s t s .  F o r  P d - M g /S i0 2  
c a ta ly s t ,  trans-C l 8:1 o f  8 .5 7 %  w a s  o b ta in e d , w h e n  c o m p a r e d  to  th at o f  P d /S iC >2 

c a ta ly s t  (1 0 .5 7 % ). T h e  p e r c e n ta g e  d e c r e a s e  in  trans  c o n te n t  w a s  2 1 .7 4 % . F o r  th e  Pt 
c a ta ly s t ,  trans  c o n te n t  d r o p p e d  fr o m  2 .1 3 %  to  1 .4 7 %  (a  d r o p  o f  3 0 .9 9 % ) ,  w h i le  th e  
N i c a ta ly s t  s l ig h t ly  d e c r e a s e d  tra n s  c o n te n t  fr o m  1 .0 8 %  to  0 .9 6 %  (a  d r o p  o f  1 1 .1 1 % ).

T h e r e fo r e , it ca n  b e  c o n c lu d e d  th at a  d e c r e a s e  o f  th e  tra n s - C l  8:1 fo r m a tio n  
w a s  a ls o  o b s e r v e d  fo r  m a g n e s iu m  m o d if ie d  c a ta ly s t s  o n  th e  p a rtia l h y d r o g e n a t io n  o f  
s o y b e a n  o il .  T h is  r e su lt  is  c o n s is t e n t  w ith  th e  w o r k  d o n e  b y  T o n e t to  a n d  c o -w o r k e r s .  
T h e y  fo u n d  th at t r a n s - is o m e r  d e c r e a s e s  w ith  th e  a d d it io n  o f  th e  m a g n e s iu m  m o d if ie r .  
T h e  r e su lts  ca n  b e  in ter p re ted  in  te r m s  o f  d if fe r e n t  e f f e c t s :  c h a n g e  in th e  e le c tr o n  
d e n s i ty  o f  m e ta ls ,  w h ic h  -a f fe c t s  th e  r e la t iv e  a d so r p tio n  s tr e n g th  o f  th e  rea c ta n t, 
in te r m e d ia te s  an d  h y d r o g e n , a n d  a  b lo c k  o f  part o f  th e  s u r fa c e  b y  th e  m o d if ie r s .
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■ ■ c  1 8:3
K7771 0 8 : 2

trans-C 18:1

1— 1 cïs-C 18:1

«
0 8 : 0

F ig u r e  4 .1 4  C o m p a r is o n  o f  C l 8 F A M E  c o m p o s i t io n  o f  b io d ie s e l  a fter  
h y d r o g e n a t io n  re a c tio n  (4  h ) in  c o n d it io n s  : 8 0  ๐c ,  4  b ar, 1 5 0  m l/m in  o f  H 2 f lo w  rate, 
1 0 0 0  rp m  o f  s tirr in g  ra te , 1 w t.%  o f  P d  lo a d in g , 1 w t.%  o f  P d -M g  lo a d in g , 1 .8 2  w t.%  
o f  Pt lo a d in g , 1 .8 2  w t.%  o f  P t-M g  lo a d in g , 10 w t.%  o f  N i  lo a d in g , 10  w t.%  o f N i - M g  
lo a d in g  a n d  1 w t.%  o f  c a ta ly s t .  -

T a b le  4 .6  7><m s-C  18:1 c o n te n t  a fter  h y d r o g e n a tio n  r e a c tio n  (4  h )  o f  s o y b e a n  o il:  
(r e a c t io n  c o n d it io n s :  8 0  °c, 4  bar, 1 5 0  m l/m in  o f  H 2 f lo w  rate, 1 0 0 0  rp m  o f  s t ir r in g  
rate, 1 w t.%  c a ta ly s t

C a t a ly t i c  S y s t e m T r a n s - c n - . l  (% ) R e d u c t i o n  o f  7 > a « s -C 1 8 : l  (% )

P d / S i 0 2 1 0 .9 5

2 1 .7 4P d - M g / S i 0 2 8 .5 7

P t / S i 0 2 2 .1 3

3 0 .9 9P t - M g / S i 0 2 1 .4 7

N i /S iO z 1 .0 8

11.11N i - M g / S i 0 2 0 .9 6
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T h e  X R D  p a ttern s  o f  P d -M g /S iC >2 c a ta ly s t  a re  s h o w n  in F ig u r e  4.15. T h e  
X -r a y  d if fr a c t io n  p a ttern  o f  th e  d r ied  c a ta ly s t  s h o w e d  p e a k s  at 30.96°, w h ic h  is  

c h a r a c te r is t ic s  o f  P d (N H 3) 4 .C l2 . T h e  c a ta ly s t  c a lc in e d  a t 300 °c fo r  3 h , s h o w e d  o n e  
d if fr a c t io n  p e a k  o f  m e ta l l ic  P d  an d  tw o  d if fr a c t io n  p e a k s  o f  P d O  at 41.05°, 60.20°, 
and  7 1 .2 8 ° ,  r e s p e c t iv e ly .  A f te r  c a lc in a t io n s  s ta te , th e  p a lla d iu m  p h a se  in  P d -M g /S iC >2 

w a s  a ls o  o b s e r v e d  to  b e  P d O  at 60.12° a n d  71.41°, a n d  th e  a b s e n c e  o f  r e f le c t io n s  fo r  
th e  m a g n e s iu m  p h a se  (P a r k  et a l.,2009). A fte r  r e d u c t io n  sta te , th e  X R D  p a ttern s  
w e r e  c h a n g e d  fro m  c a lc in a t io n s  w h ic h  m e a n t th at P d O  w a s  c h a n g e d  to  b e  m e ta l l ic  
Pd at 20 o f  40.01° an d  46.55° (N u m w o n g  e t al., 2012).

T h e  X R D  p a ttern s  o f  P t - M g /S i0 2  c a ta ly s t  a re  s h o w n  in  F ig u r e  4 .1 6 .  F o r  
d r y in g  s ta te  o f  P t /S i0 2  c a ta ly s t ,  th ere  are th ree  m a in  p e a k s  at 1 2 .0 ° , 2 4 .4 ° ,  and  2 7 .2 ° .  
T h e s e  p e a k s  in d ic a te d  to  P t (N H 3) 4.C l2 . T h e  X R D  p a ttern  o f  th e  c a lc in e d  c a ta ly s t  
s h o w e d  p e a k s  at 3 9 .7 9 °  a n d  4 6 .1 7 ° ,  w h ic h  are c h a r a c te r is t ic s  o f  m e t a l l ic  P t. T h e  
d r ied  P t - M g /S i0 2  c a ta ly s t  s h o w e d  tw o  d if fr a c t io n  p e a k s  o f  m e ta llic  P t at 3 9 .6 4 ° ,  a n d  
4 6 .0 7 ° ,  r e s p e c t iv e ly .  T h e  P t - M g /S i0 2  c a ta ly s t  c a lc in e d  a t 5 0 0  °c fo r  4  h s h o w e d  th e  
tw o  m a in  c h a r a c te r is t ic  p e a k s  o f  m e ta l l ic  P t at 2 0  =  3 9 .7 4 °  and 4 6 .0 8 ° .  W h e r e a s , th e  
X R D  p a tte r n s  o f  m a g n e s iu m  p h a s e  w e r e  n o t  fo u n d . T h is  im p lie s  th at m a g n e s iu m  w a s  
h ig h ly  d is p e r s e d  o n  c a ta ly s t  su r fa c e  (Z h u  et al., 2 0 1 1 ) .  A fte r  r e d u c t io n  s ta te , 
d if fr a c t io n  p e a k s  w e r e  o b s e r v e d  at 3 9 .7 4 °  a n d  4 5 .9 9 ° .  T h e s e  p e a k s  c o r r e sp o n d  to  th e  
p e a k s  o f  m e t a l l ic  Pt ( M c A r d le  et al., 2 0 1 0 ) .

T h e  X R D  p a ttern s  o f  N i - M g /S i0 2  c a ta ly s t  a re  s h o w n  in  F ig u r e  4.17. In 
d r y in g  s ta te , th e r e  w a s  o n e  m a in  p e a k  at 21.60°, c o n tr ib u te d  to  S i 0 2 .  T h e  X -r a y  
d if fr a c t io n  p a ttern  o f  th e  c a lc in e d  c a ta ly s t  s h o w e d  p e a k s  at 43.09° a n d  62.77° w h ic h  
are c h a r a c te r is t ic s  o f  N iO ,  a ls o  s h o w e d  th e  tw o  m a in  c h a r a c te r is t ic  p e a k s  o f  N i  at 
75.48° a n d  79.36°. T h e  N i - M g /S i0 2  c a ta ly s t  d r ied  a t r o o m  te m p e r a tu r e  a n d  60 °c, 
s h o w e d  t w o  d if fr a c t io n  p e a k s  o f  N iO  a n d  tw o  d if fr a c t io n  p e a k s  o f  m e t a l l ic  n ic k e l  at 
43.11°, 62.78°, 75.43°, a n d  79.38°, r e s p e c t iv e ly .  A f te r  c a lc in a t io n s  s ta te , th e  X R D  
p a ttern s s h o w e d  p e a k s  at 43.26° and  62.79°, s u g g e s t in g  th at N iO . In a d d it io n , th e  
X R D  p a tte r n s  s h o w e d  t w o  m a in  p e a k s  o f  N i  at 75.34° and 79.35°. T h e  p a ttern  
a b s e n c e  o f  r e f le c t io n  fo r  th e  m a g n e s iu m  p h a se . T h e  X R D  pattern  o f  th e  r e d u c e d  
c a ta ly s t  s h o w e d  p e a k s  at 74.47° an d  79.30°, w h ic h  a re  c h a r a c te r is t ic s  o f  m e ta l l ic  N i .
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Pd-Mg/SiO

Pd/SiO

F ig u r e  4 .1 5  X R D  p a ttern s  o f  P d  s u p p o r te d  o n  s i l i c a  (a )  d r ie d , (b )  c a lc in e d ,  
P d -M g  su p p o r te d  o n  s i l ic a  ( c )  d r ie d , (d )  c a lc in e d , and  ( e )  r e d u c e d .

P t-M g /S iC > 2

P t /S iC b

F ig u r e  4 .1 6  X R D  p a ttern s  o f  P t s u p p o r te d  o n  s i l i c a  (a )  d r ied , (b )  c a lc in e d ,  
P t-M g  s u p p o r te d  o n  s i l ic a  ( c )  d r ie d , (d )  c a lc in e d ,  a n d  ( e )  r e d u c e d .
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Ni-Mg/SiO:

Ni/Si O:

F ig u r e  4 .1 7  X R D  p attern s o f  N i su p p o r te d  o n  s i l ic a  (a )  d r ied , (b )  c a lc in e d ,  
N i- M g  su p p o r te d  o n  s i l ic a  ( c )  d r ie d , (d )  c a lc in e d , a n d  (e )  r e d u c e d .

T h e  B E T  su r fa c e  a rea , to ta l p o r e  v o lu m e , and  a v e r a g e  p o re  d ia m e te r  o f  

Pd/SiC >2 , Pt/SiC>2 , N i/S iC > 2, P d -M g /S iC > 2 , P t - M g /S i0 2 ,  and  N i-M g /S iC > 2 , w h ic h  w e r e  
a n a ly z e d  b y  u s in g  A u to so r b -1  M P  s u r fa c e  area  a n a ly z e r  are g iv e n  in T a b le  4 .7 .  F o r  

P d -M g /S iC >2 an d  P t-M g /S iC >2 c a ta ly s t s ,  th e  B E T  s u r fa c e  a rea  w a s  s l ig h t ly  in c r e a s e d .  
It c a n  b e  s u g g e s te d  th at P d -M g  m e fa ls  an d  P t-M g  m e ta ls  w e r e  d e p o s it e d  o n  s o m e  
p o r e s  o f  th e  su p p o r t. F o r  N i - M g  w a s  im p r e g n a te d  o n  S i 0 2 th e  B E T  s u r fa c e  a rea  w a s  
s l ig h t ly  d e c r e a s e d  a s  c o m p a r e d  to  th e  N i/S iC E . It ca n  b e  in d ic a te d  th at N i - M g  w a s  
a c c e s s e d  in s o m e  p o r e s  o f  th e  su p p o r t . F lo w e v e r , th e ir  su r fa c e  a rea  a n d  p o r e  d ia m e te r  
d o  n o t  s h o w s  a  s tr o n g  re la tio n  b e tw e e n  p h y s ic a l  p ro p erty  a n d  c a ta ly t ic  a c t iv it y  fo r  
p artia l h y d r o g e n a tio n  o f  b io d ie s e l .  In a d d it io n , th e  in te r a c t io n  b e tw e e n  M g O  and  
SiC >2 c o u ld  a ls o  h a v e  a p o s i t iv e  in f lu e n c e  in su p p o r t c a ta ly s t s  b y  d e c r e a s in g  th e  
a m o u n t o f  n o n - s e le c t iv e  s ite s  ( M g O )  (S o ls o n a  et a l., 2 0 0 1 ) .



T a b le  4 .7  S u r fa c e  a rea , to ta l p o r e  v o lu m e , and  a v e r a g e  p o r e  d ia m e te r  o f  P d /S iÛ 2 , 
P t /S i0 2 ,  N i/S iC > 2 , P d -M g/S iC > 2 , P t - M g /S i0 2 ,  a n d  N i - M g / S i 0 2 c a ta ly s t  fro m  A u t o s o r b -  
1 M P  s u r fa c e  area  a n a ly z e r

C a ta ly s t S u r fa c e  area

(m 2/g )

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

A v e r a g e  p o r e  
d ia m e te r  (n m )

P d / S i 0 2 1 0 9 .8 0 1 .1 9 4 3 .3 4

P d - M g / S i 0 2 1 1 4 .4 0 1 .2 3 4 3 .1 0

P t / S i 0 2 1 1 0 .0 0 1 .2 0 4 3 .4 6

P t - M g / S i 0 2 1 1 4 .1 0 1 .2 4 4 3 .2 9

N i / S i 0 2 1 1 2 .4 0 1.11 3 9 .3 1

N i - M g / S i 0 2 1 0 7 .3 0 1 .0 6 3 9 .5 2
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4 .4  B io d ie se l P r o p e r t ie s

T h e  o x id a t iv e  s ta b il ity , c lo u d  p o in t , a n d  c o ld  f i lte r  p lu g g in g  p o in t  o f  f e e d  
b io d ie s e l  an d  h y d r o g e n a te d  F A M E S  w e r e  in v e s t ig a te d  a s  p r e s e n te d  in  T a b le  4 .8 .  It 
a p p a ren tly  s h o w s  th at h y d r o g e n a te d  b io d ie s e l  p r o d u c t a fter  4  h o f  r e a c t io n  t im e  fo r  
a ll c a ta ly s ts  g a v e  h ig h e r  o x id a t iv e  s ta b i l ity .  T h is  r e su lt  is  in a c c o r d a n c e  w ith  th e  

w o rk  d o n e  b y  N u m w o n g  and c o -w o r k e r s .  T h e y  f o u n d ,  th at th e  c o m p o s i t io n  o f  
p o ly u n sa tu r a te d  F A M E s  ( C l  8 :2  and  C l  8 :3 )  a s  a fu n c t io n  o f  o x id a t iv e  s ta b il ity . A f te r  
h y d r o g e n a tio n ;  th e  c o m p o s i t io n  o f  C l  8 :2  an d  C l  8 :3  d e c r e a s e d  w ith  an  im p r o v e m e n t  
o f  o x id a t iv e  s ta b il ity . T h e  lo n g e r  h y d r o g e n a t io n  t im e , th e  lo w e r  c o m p o s i t io n  o f  
C 1 8 :2  an d  C 1 8 :3 ,  an d  th e  h ig h e r  o x id a t iv e  s ta b il ity  are o b s e r v e d . M o r e o v e r , c o u ld  
p o in t  an d  c o ld  f i lte r  p lu g g in g  p o in t w e r e  in c r e a se d  w h ic h  th e  r e s u lt  fr o m  in c r e a s in g  

a m o u n t o f  C l 8 :0  in h y d r o g e n a te d  b io d ie s e l .  H o w e v e r ,  o x id a t iv e  s ta b i l ity  and  c o ld  
filter  p lu g g in g  p o in t  o f  h y d r o g e n a te d  b io d ie s e l  w ith  a d d in g  M g  m o d if ie r  w e r e  h ig h e r  
than th at o f  w ith o u t  a d d in g  M g  m o d if ie r .

T h e r e fo r e , it c a n  b e  c o n c lu d e d  th a t th e  p a rtia l h y d r o g e n a t io n  r e a c tio n  ca n  
im p r o v e  th e  b io d ie s e l  p r o p e r t ie s  e s p e c ia l ly  o x id a t iv e  s ta b il ity . T h is  w a s  s u p p o r te d  b y  

a d e c r e a s e  o f  a m o u n t o f  C l 8 :2  and  C l 8 :3  (T h u n y a r a tc h a ta n o n , 2 0 1 2 ) .  In a d d it io n ,  
th e  g rea ter  a m o u n t o f  C l 8 :0 , r e s u lts  in  an in c r e a s e  in  c o ld  n o w  p r o p e r t ie s .  
( N u m w o n g  e t a l., 2 0 1 2 ) .



64

T a b l e  4 .8  B io d ie s e l  p r o p e r t ie s  b e fo r e  and  a fte r  p a rtia l h y d r o g e n a t io n

C a ta ly s t O x id a tiv e
S ta b ility

(h )

C lo u d  p o in t
(°C )

C o ld  F ilte r  
P lu g g in g  P o in t
- (°C )

F eed  B io d ie se l 2 7 -6

P d /S iO z
• 120 ๐c 6.2 10 -4

บ0oo• 7.3 8 -3

• 80 °c 10.4 10 -3
•  P d -M g /S i0 2 at 80 °c 11 10 -2

P t / S i 0 2
• 1 2 0 °c 4 12 -2

บ๐oo• 4 .7 12 -4
•  80 °c 4.8 13 -4
•  P t -M g /S i0 2 at 80  ๐c 5.4 12 -2

N i / S i 0 2
• 1 2 0 °c 3 9 -2

• o o 0 ท 2 .6 13 -5

บ๐O00• 2 .7 12 -5
•  N i - M g /S i0 2 at 80 °c 3.5 12 -1
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