
CHAPTER III
E X P E R IM E N T A L

3 .1 .1  F e e d s to c k

•  H y d r o g e n a te d  b io d ie s e l  d e r iv e d  f ro m  j a t r o p h a  o il ( o b ta in e d  f ro m  
P T T  R T I)

3 .1 .2  C h e m ic a ls  f o r  C a ta ly s t  P re p a ra t io n

•  S o d iu m  a lu m in a te  (5 3 .5 %  A l, S ig m a - A ld r ic h )

•  C o l lo id a l  s i l ic a  ( L u d o x  H S - 4 0 ,  S ig m à -A ld r ic h )
•  S o d iu m  h y d r o x id e  (9 7 %  p u r i ty ,  A ja x  F in e c h e m )

'  •  A m m o n iu m  h y d r o x id e  (M e rc k ) ( 9 9 w t% , A ja x  F in e c h e m )

•  T e tr a a m m in e p la t in u m  (II )  c h lo r id e  h y d r a te  (9 9 .9 9  % , A ld r ic h )

3 .1 .3  S ta n d a r d  C h e m ic a ls  a n d  O th e r s
•  C a rb o n  d i s u lp h id e  (9 9 .5 %  P S , P a n re a c )

•  A c e to n e  ( 9 9 %  p u r i ty ,  L a b S c a n )
•  M e th a n o l  ( 9 9 %  p u r i ty ,  L a b S c a n )
•  D e io n iz e d  w a te r

" 3 .1 .4  G a s e s

•  H y d r o g e n  ( 9 9 .9 9 %  p u ri ty , B IG )
•  N i t r o g e n  ( 9 9 .9 9 %  p u r i ty ,  T IG )
•  H e l iu m  ( 9 9 .9 9 %  p u r i ty ,  T IG )
•  A i r  z e ro  ( 9 9 .9 9 %  p u r i ty ,  T IG )

3.1 Materials
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3 .2 .1  P r e p a r a t io n  a n d  C h a r a c te r iz a t io n  o f  P t /H Y  C a ta ly s t

•  M ic r o w a v e  d ig e s t io n  s y s te m  ( C E M  M a rs -5 )

•  O v e n
•  H o t  &  s t i r r in g  p l a te  (C o le  P a rm e r )
•  _ B r u k e r  D 8  A d v a n c e  X - ra y  d i f f r a c to m e te r
•  B r u k e r  S R S 3 4 0 0  X - ra y  f lu o r e s c e n c e  s p e c t ro m e te r
•  S c a n n in g  e le c t r o n  m ic r o s c o p y  (H ita c h i /S -4 8 0 0 )

•  B E T  s u r f a c e  a r e a  a n a ly z e r  ( Q u a n ta c h r o m e /A u to s o r b - 1 )
•  T h e r m o  f in n ig a n  T P D R O  1 1 0 0  e q u ip p e d  w i th  f la m e  io n iz a t io n

d e te c to r
•  A to m ic  a b s o r p t io n  s p e c t ro s c o p y  (S p e c tr A A ,3 0 0 )

3 .2 .2  C a ta ly s t  P e r f o r m a n c e  T e s t in g
•  H ig h  p r e s s u r e  p a c k e d - b e d  c o n t in u o u s  f lo w  r e a c to r  s y s te m

c o n s is t in g  o f
- M a s s  f lo w  c o n t r o l le r  ( B ro o k s  in s t r u m e n t  5 8 5 0 E )
- H ig h  p r e s s u r e  l iq u id  p u m p  ( W a te r s  5 1 5  H P T C )
- B a c k  p r e s s u r e  r e g u la to r  ( S I E M E N S )
- Ft" O .D .x lô "  lo n g  s ta in le s s  s te e l  r e a c to r
- T u b u la r  f u r n a c e  w ith  a  te m p e r a tu r e  c o n t r o l le r

•  G a s  c h r o m a to g r a p h  ( S h im a d z u  G C -1 7 A )  e q u ip p e d  w i th  a  c a p i l 
la ry  H P - P L O T /A I 2 O 3 “ ร ” d e a c t iv a te d  c o lu m n  a n d  F ID  d e te c to r

•  G a s  c h r o m a to g r a p h  (A g i le n t  G C  7 8 9 0  e q u ip p e d  w i th  F I D /T C D )

•  G a s  c h r o m a to g r a p h - s im u la te d  d i s t i l la t io n  ( V a r ia n /C P - 3 8 0 0 )

3.2 Equipment
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3 .3 .1  S y n th e s is  o f  N a Y  Z e o l i te  C a ta ly s t  in  D i f f e re n t  C r y s ta l  S iz e  (4 N a ? Q :
1A L C L  : lO S iC b  : 1 8 0 H ,Q )
C o llo id a l  s i l ic a  a n d  s o d iu m  a lu m in a te  w a s  u s e d  a s  S i a n d  A1 s o u rc e s ,  

r e s p e c t iv e ly . N a  s o u rc e  w a s  o b ta in e d  f ro m  s o d iu m  h y d r o x id e  w h i le  th e  o r g a n ic  
c a t io n  a g e n t  w a s  t e t r a m e th y la m o n iu m  h y d ro x id e .

a ) S o lu t io n  A  w a s  p r e p a r e d  b y  m ix in g  c o l lo id a l  s i l ic a  a n d  d e io n iz e d  
w a te r . T h e n ,  th e  m ix tu r e  w a s  k e p t u n d e r  s t i r r in g  a t  r o o m  te m p e r a tu r e  a n d  a tm o s p h e r e  
fo r  1 h .

b )  S o lu t io n  B  w a s  p r e p a r e d  b y  m ix in g  th e  s o d iu m  a lu m in a te  a n d  
d e io n iz e d  w a te r .  T h e  m ix tu r e  w a s  th e n  k e p t  u n d e r  s t i r r in g  a t r o o m  te m p e r a tu r e  a n d  
a tm o s p h e r e  f o r  1 h .

c )  S o lu t io n  B w a s  s lo w ly  a d d e d  to  s o lu t io n  A , f o l lo w e d  b y  s o d iu m  
h y d ro x id e  u n d e r  v ig o ro u s  s t i r r in g .

d )  T h e  m ix tu r e  w a s  th e n  s t i r r e d  in  to  a  c lo s e d  g la s s  v e s s e l  fo r  
d i f f e re n t  a g in g  t im e s  (1 , 2 , 4 , 6  d a y s )  a t  ro o m  te m p e ra tu re .

e ) T h e  s o lu t io n  w a s  t r e a te d  a t d i f f e r e n t  t e m p e r a tu r e s  (9 0 , 1 0 0 , 1 1 0  
๐C )  fo r  2  h  in  a  v e s s e l l in e d  w ith  T e f lo n  u s in g  a  m ic r o w a v e  d ig e s t io n  s y s te m .

f) T h e  p r e p a r e d  Y z e o l i te  w a s  th e n  c o o le d  d o w n  to  a m b ie n t  
te m p e ra tu re ,  a n d  th e n  w a s  c e n t r i fu g e d  a t  3 ,0 0 0  rp m  f o r  0 .5  h . A f te r  th a t  th e  s o l id  w a s  
w a s h e d  s e v e r a l  t im e s  w i th  d e io n iz e d  w a te r  to  r e m o v e  e x c e s s  N a O H . T h e  w a s h e d  
s a m p le  w a s  d r ie d  o v e r n ig h t  a t 100 ๐c  a n d  c a lc in e d  a t  5 0 0  ° c  fo r  2 .5  h.

3 .3 .2  P re p a ra t io n  o f  th e  P r o to n -  T y p e  Y  Z e o l i te  (H Y  Z e o l i te )
3.3.2.1 Ammonium Ion-exchange o f NaY Zeolite

N a Y  z e o l i te  w a s  a d d e d  b y  0 .5  M  N H 4 O H  a q u e o u s  s o lu t io n ;  
th e  z e o l i te  to  a m m o n iu m  h y d r o x id e  s o lu t io n  ra tio  w a s  1 :8 0 , a f te r  th a t  th e  m ix tu r e  
w a s  h e a te d  a t  8 0  ° c  f o r  1 h  a n d  th e n  th e  r e s id u e  w a s  f i l te re d  a n d  w a s h e d  w i th  d i s 
t i l le d  w a te r  to  rg m o v e  io n s  b y  u s in g  a  c e n t r i fu g a t io n .  T h e  a b o v e  c y c le  w a s  r e p e a te d  
th re e  t im e s . L a s t  s te p , th e  s y n th e s iz e d  H Y  w a s  d r ie d  o v e rn ig h t  in  a n  o v e n  a t  1 1 0  ๐c .  
T h e  N a - f o r m  c r y s ta l  w a s  th u s  c h a n g e d  to  N H 4 - f o rm  c a ta ly s t .

3.3 Methodology
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3.3.2.2 HY-Type Zeolite
T h e  N P I4 Y  z e o l i te  w a s  c o n v e r te d  to  H Y  z e o l i te  b y  r e m o v in g  

N H 3 f ro m  th e  c a ta ly s t  s u r fa c e . T h e  - N H 3 c a n  b e  r e m o v e d  b y  th e rm a l t r e a tm e n t  o f  th e  
N H 4 Y  z e o l i te . T h is  w a s  d o n e  b y  h e a t in g  a  s a m p le  in  a n  a i r  s t r e a m  a t 5 0 0  ๐c  fo r  2 .5  h 
b y  h e a t in g  th e m  f ro m  ro o m  te m p e ra tu re  to  5 0 0  °c a t a  h e a t in g  r a te  o f  10 ๐c  /m in .  
A f te r  th e  c a ta ly s t  w a s  c o o le d  d o w n , it w a s  s to re d  in  a g la s s  b o t t le  in  d e s ic c a to r s  fo r  
f u r th e r  s tu d y .

3 .3 .3  P re p a ra t io n  o f  P t /H Y  C a ta ly s t  b y  In c ip ie n t  W e tn e s s  I m p r e g n a t io n  
( IW I)
H Y  z e o l i te  w a s  c a lc in e d  a t  5 0 0  °c fo r  3 h  w i th  a  h e a t in g  ra te  o f  10 

๐c / m i n  to  r e m o v e  o rg a n ic  r e s id u e s  f ro m  th e  z e o l i te . A f te r  th a t ,  th e  z e o l i t e  w a s  lo a d e d  
w i th  0.1 w t%  P t b y  in c ip ie n t  w e tn e s s  te c h n iq u e  c o n s is t in g  o f  4  s te p s .  F ir s t ly ,  a  
d e s i r e d  a m o u n t  o f  P t(N H 3 ) 4 C l2 c o m p o u n d  w a s  d is s o lv e d  in  6  m L  o f  d e io n iz e d  w a te r .  
S e c o n d ly , th e  P t ( N H 3 )4C l2 s o lu t io n  w a s  a d d e d  o n  5 g  o f  z e o l i te  d r o p  w is e  u s in g  a  
m ic r o  s y r in g e  to  o b ta in  a  P t /H Y  c a ta ly s t  w i th  a  d e s ire d  P t lo a d in g . T h i r d ly ,  th e  w e t  
z e o l i te  w a s  d r ie d  in  a n  o v e n  a t  11 0  ๐c  f o r  o v e rn ig h t .  F in a l ly ,  c a ta ly s t  w a s  c a lc in e d  in  
a  fu rn a c e  a t  3 5 0  °c fo r  3 h  w i th  th e  h e a t in g  ra te  o f  10 ๐c / m i n .  T h e n ,  a  b i fu n c t io n a l  
c a ta ly s t  w a s  o b ta in e d  in  m e ta l o x id e  fo rm s .

3.4 Characterization of Synthesized HY Zeolite

3 .4 .1  X - ra y  D i f f r a c to m e te r  ( X R D )
T h e  c r y s ta l l in e  p h a s e  o f  p r e p a r e d  H Y  z e i l i te  w a s  a n a ly z e d  b y  a  

R ig a k u  X - ra y  d i f f r a c to m e te r ,  R I N T - 2 2 0 0  w ith  C u  tu b e  fo r  g e n e r a t in g  C u K a  
r a d ia t io n  ( 1 .5 4 0 6  Â ). T h e  s y s te m  c o n s is ts  o f  a  v o lta g e  g e n e r a to r  o f  4 0  k v .  T h e  2 0  is  
in  th e  r a n g e  b e tw e e n  10 a n d  7 0  w i th  a  s c a n n in g  r a te  o f  5 ° /s . T h i s  a n a ly s is  is 
g e n e ra l ly  p e r f o r m e d  b a s e d  o n  th e  fa c t th a t  a n  X - ra y  d i f f r a c t io n  p a t te r n  is  u n iq u e  fo r  
e a c h  c r y s ta l l in e  s u b s ta n c e . T h u s , i f  a n  e x a c t  m a tc h  c a n  b e  fo u n d  b e tw e e n  th e  p a t te r n  
o f  a n  u n k n o w n  a n d  s a m p le , c h e m ic a l  id e n t i ty  c a n 'b e  a s s u m e d . It is  a ls o  p o s s ib le  to  
m a k e  a  r e la t iv e ly  q u a n t i ta t iv e  a n a ly s is  b y  c o m p a r in g  th e  in te n s i ty  o f  th e  d i f f r a c t io n  
l in e s .  W h e n  c o m p a r in g  th e  s a m e  c r y s ta l l in e  s u b s ta n c e  o f  d i f f e r e n t  s a m p le s ,  th e
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h ig h e r  in te n s i ty  in d ic a te s  th e  h ig h e r  c o n te n t . T h e  a v e ra g e  c r y s ta l l i t e  s iz e s  (D )  o f  th e  
m e ta ls  in  th e  s a m p le s  w il l  b e  e s t im a te d  b y  S c h e r r e r  e q u a t io n ,  D  =  0 .9 > jp  COS0, w h e re  
0  is  th e  d i f f r a c t io n  a n g le s ,  a n d  (3 is  th e  fu ll w id th  a t  h a l f  m a x im u m .

3 .4 .2  X - r a y  F lu o r e s c e n c e  S p e c t ro m e te r  (X R F )
T h e  q u a n t i ty  o f  S i a n d  A1 o n  th e  H Y  z e o l i te  w e r e  a n a ly z e d  b y  X R F  

te c h n iq u e ,  P h i l ip s  m o d e l  P W  4 4 0 0 . W ith  a  p r im a r y  X - ra y _ e x c ita t io n  s o u rc e  f ro m  a n  
X - r a y  tu b e , th e  X - r a y  c a n  b e  a b s o r b e d  b y  th e  a to m , a n d  t r a n s f e r  a ll o f  i ts  e n e r g y  to  a n  
in n e r m o s t  e le c t ro n . D u r in g  th e  p r o c e s s ,  i f  th e  p r im a r y  X - r a y  h a s  s u f f i c ie n t  e n e rg y , 
e le c t r o n s  a re  e je c te d  f ro m  th e  in n e r  s h e l l ,  c r e a t in g  v a c a n c ie s .  T h e s e  v a c a n c ie s  
p r e s e n t  a n  u n s ta b le  c o n d i t io n  fo r  th e  a to m . A s  th e  a to m  r e tu r n s  to  i ts  s ta b le  
c o n d i t io n ,  e le c t ro n s  f ro m  th e  o u te r  s h e l ls  a r e  t r a n s f e r r e d  to  th e  in n e r  s h e l l s ,  a n d  th e  
p r o c e s s  g iv e s  o f f  a  c h a r a c te r i s t ic  X - ra y , w h o s e  e n e r g y  in  th e  d i f f e r e n c e  b e tw e e n  th e  
tw o  b in d in g  e n e r g ie s  o f  th e  c o r r e s p o n d in g  s h e l ls .  B e c a u s e  e a c h  e le m e n t  h a s  a  u n iq u e  
s e t  o f  e n e rg y  le v e ls ,  e a c h  e le m e n t  p r o d u c e s  X - ra y s  a t a  u n iq u e  s e t o f  e n e rg ie s ,  
a l lo w in g  o n e  to  n o n - d e s t r u c t iv e ly  m e a s u re  th e  e le m e n ta l  c o m p o s i t io n  o f  a  s a m p le . 
T h e  in te n s i t ie s  o f  o b s e r v e d  l in e s  fo r  a  g iv e n  a to m  v a ry  a c c o r d in g  to  th e  a m o u n t  o f  
th a t  a to m  p r e s e n t  in  th e  s p e c im e n .

3 .4 .3  S c a n n in g  E le c t r o n  M ic ro s c o p y  (S E M )
S E M  a n a ly s is  w a s  d o n e  o n  a  H i ta c h i /S - 4 8 0 0  s c a n n in g  e le c t ro n  

m ic r o s c o p e  ( S E M ). T o  p r e p a r e  th e  s a m p le  f o r  S E M , a  d r o p  o f  d i lu te  c o l lo id a l  
s o lu t io n  o f  th e  u n c a lc in e d  s a m p le  w a s  d r o p p e d  o n to  th e  S E M  s a m p le  s tu d  s u r fa c e , 
a n d  th e  s a m p le  s tu d  w a s  th e n  d r ie d  a t  6 0  ° c  fo r  3 h . S h o r t ly  b e f o r e  a c q u i r in g  a n  S E M  
im a g e ,  th e  s a m p le  w a s  c o a te d  w i th  g o ld . F ro m  th e  S E M  im a g e s ,  s m a ll  N a Y  c r y s ta ls  
a re  e n v is io n e d  a s  c u b ic  p a r ic le s  in  o r d e r  to  e s t im a te  th e  p a r t i c le  s iz e .

3 .4 .4  B r u n a u e r - E m m e t t - T e l le r  M e th o d  (B E T )
T h e  to ta l  s u r f a c e  a r e a  a n d  e x te rn a l  s u r fa c e  a r e a  o f  c a ta ly s ts  w a s  

m e a s u r e d  b y  B E T  s u r fa c e  a r e a  a n a ly z e r  ( Q u a n ta c h r o m e /A u to s o r b  1). T h e  s a m p le  
w a s  f i r s t  o u tg a s s e d  to  r e m o v e  th e  h u m id i ty  a n d  v o la t i le  a d s o r b e n ts  a d s o r b e d  o n  
s u r f a c e  u n d e r  v a c u u m  a t 15 0  ° c  fo r  4  h  p r io r  to  th e  a n a ly s is .  T h e n ,  พ 2 w a s  p u r g e d  to
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a d s o rb  o n  s u r fa c e , m e a s u r in g  th e  q u a n t i ty  o f  g a s  a d s o rb e d  o n to  o r  d e s o r b e d  f ro m  
th e ir  s o l id  s u r fa c e  a t  s o m e  e q u i l ib r iu m  v a p o r  p r e s s u r e  b y  s ta t ic  v o lu m e t r ic  m e th o d . 
T h e  s o l id  s a m p le  w a s  m a in ta in e d  a t  a  c o n s ta n t  te m p e ra tu re  o f  th e  s a m p le  c e l l  u n ti l  
th e  e q u i l ib r iu m  is  e s ta b l i s h e d .  T h is  v o lu m e - p r e s s u r e  d a ta  w ill b e  u s e d  to  c a lc u la te  th e  
B E T  s u r f a c e  a re a .

3 .4 .5  T e m p e r a tu r e  P ro g r a m m e d  D e s o rp t io n  (T P D )  o f  I s o p r o p v la m in e
B r o n s te d  a c id  s i te s  o f  o f  P t /H Y  c a ta ly s t  w a s  m e a s u r e d  b y

is o p r o p y la m in e  T P D  te c h n iq u e .  F ir s t ,  5 0  m g  o f  s a m p le  w a s  p r e t r e a te d  a t  5 0 0  ๐c  in  a 
f lo w  o f  H e  f o r  1 h . A f t e r  th e  p r e tr e a tm e n t ,  th e  s a m p le  w a s  c o o le d  in  H e  to  3 0  °c a n d  
th e n  is o p r o p y la m in e  w a s  in je c te d  w i th  H e  in to  th e  s a m p le . A f te r  r e m o v in g  th e  e x c e s s  
o f  is o p r o p y la m in e  b y  f lo w in g  H e , th e  s a m p le  w a s  l in e a r ly  h e a te d  to  8 0 0  °c a t a 
h e a t in g  r a te  o f  2 0  ° c / m i n .  M a s s e s  4 4 , 4 1 , a n d  17 w e re  m o n i to re d  to  d e t e r m in e  th e  
e v o lu t io n  o f  i s o p r o p y la m in e ,  p ro p y le n e ,  a n d  a m m o n ia ,  r e s p e c t iv e ly .  T h e  a m o u n t  o f  
B ro n s te d  s i te  w a s  c a l ib r a te d  w ith  p ro p e n e .

3 .4 .6  T e m p e r a tu r e  P ro g r a m m e d  O x id a t io n  (T P O )
T h is  te c h n iq u e  w a s  e m p lo y e d  to  a n a ly z e  th e  a m o u n t  a n d  

c h a r a c te r i s t ic s  o f  th e  c o k e  d e p o s i te d  o n  th e  c a ta ly s ts  d u r in g  r e a c t io n .  T P O  o f  th e  
s p e n t  c a ta ly s ts  w a s  p e r f o r m e d  in  a  c o n t in u o u s  f lo w  o f  2 %  O 2 in  H e  w h i le  th e  
te m p e r a tu r e  w a s  l in e a r ly  in c re a s e d  w i th  a  h e a t in g  ra te  o f  12 ° c / m i n .  T h e  o x id a t io n  
w a s  c o n d u c te d  in  a  1 /4 "  q u a r tz  f ix e d -b e d  r e a c to r  a f te r  th e  s p e n t  c a ta ly s t  w a s  d r ie d  a t 
11 0  °c o v e rn ig h t ,  w e ig h e d  (3 0  m g ) , a n d  p la c e d  b e tw e e n  tw o  la y e r s  o f  q u a r t z  w o o l .  
T h e  s a m p le  w a s  fu r th e r  p u rg e d  a t  r o o m  te m p e ra tu re  b y  f lo w in g  2 %  O 2 in  H e  fo r  3 0  
m in  to  s ta b i l i z e  th e  s ig n a l  b e fo re  s ta r t in g  a  ru n . T h e  C O 2 p ro d u c e d  b y  th e  o x id a t io n  
o f  th e  c o k e  s p e c ie s  w a s  c o n v e r te d  to  m e th a n e  u s in g  a  m e th a n iz e r  f i l le d  w i th  1 5 %  
N i/A E C fi a n d  o p e ra te d  a t  4 0 0  °c in  th e  p r e s e n c e  o f  H 2 . T h e  e v o lu t io n  o f  m e th a n e  
w a s  a n a ly z e d  u s in g  a n  F ID  d e te c to r .
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T h e  h y d r o c r a c k in g  o f  h y d r o g e n a te d  b io d ie s e l  d e r iv e d  f r o m  ja t r o p h a  o i ls  
w a s  c a r r ie d  o u t  in  a  s ta in le s s  s te e l 3 /4 "  O .D ., c o n t in u o u s  f lo w  f ix e d -b e d  r e a c to r  
u n d e r  h ig h  p r e s s u r e  c o n d i t io n s .  T h e  s c h e m a t ic  o f  th e  r e a c to r  s y s te m  a n d  th e  
d e s c r ip t io n  o f  f lo w  d ia g r a m  a re  s h o w n  in  F ig u re  3 .1 . T h e  c a ta ly s t  w a s  f i r s t ly  r e d u c e d  
f o r  3 h  u n d e r  f lo w in g  H 2  a t  5 0 0  °c. A f te r  th e  r e d u c t io n ,  te m p e ra tu re  a n d  p r e s s u r e  o f  
th e  r e a c to r  w e r e  se t to  th e  d e s ire d  v a lu e  in  a  f lo w in g  H 2 . T h e n ,  th e  s t r e a m  o f  
h y d r o g e n a te d  b io d ie s e l  d e r iv e d  f ro m  j a t r o p h a  o il w a s  fe d  in to  th e  r e a c to r  b y  u s in g  a  
h ig h - p r e s s u r e  l iq u id  p u m p . T h e  f lo w  o f  c a r r ie r  g a s  a n d  th e  r e a c t io n  p r e s s u r e  w e r e  
c o n tr o l le d  b y  a  m a s s  f lo w  c o n t r o l le r  a n d  a  b a c k  p r e s s u r e  r e g u la to r  r e s p e c t iv e ly .

T h e  l iq u id  p r o d u c t  w a s  t r a p p e d  a n d  c o l le c te d  in  a  c o n d e n s e r  w h ile  th e  g a s  
p r o d u c t  w a s  a n a ly z e d  o n l in e  b y  u s in g  a  S h im a d z u  G C -1 7 A  g a s  c h r o m a to g r a p h  
e q u ip p e d  w i th  a  c a p i l la ry  H P - P L O T / A I 2 O 3  “ ร ”  d e a c t iv a te d  c o lu m n  a n d  F ID  d e te c to r .  
A m o u n t  o f  g a s  p r o d u c t  w a s  m e a s u r e d  b y  u s in g  a  w e t  te s t  g a s  m e te r  ( R i t t e r  T G  0 5 /2 ) .  
T h e  l iq u id  p r o d u c t  w a s  a n a ly z e d  b y  a n o th e r  g a s  c h ro m a to g r a p h ,  A g i le n t  7 8 9 0  
e q u ip p e d  w i th  a  D B -5 F IT  c o lu m n  a n d  F ID  d e te c to r .  B o th  g a s  a n d  l iq u id  p r o d u c ts  
w e r e  c o l le c t e d  a n d  a n a ly z e d  h o u r ly .

3.5 Catalytic Activity Testing

Figure 3.1 S c h e m a tic  o f  th e  r e a c to r  s y s te m .
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T h e  h y d r o c r a c k in g  o f  h y d r o g e n a te d  b io d ie s e l  d e r iv e d  f ro m  j a t r o p h a  o il is 
c o n d u c te d  a t  t e m p e r a tu r e ,  p r e s s u r e ,  L H S V , a n d  t h / F e e d  r a t io  a s  s h o w n  in  T a b le  3 .1 .

Table 3.1 T h e  r e a c t io n  c o n d i t io n s  fo r  h y d r o c r a c k in g  o f  h y d r o g e n a te d  b io d ie s e l  
d e r iv e d  f ro m  j a t r o p h a  o il

P a ra m e te r C o n d i t io n
R e a c t io n  te m p e r a tu r e  

R e a c t io n  p r e s s u r e  
L H S V

H 2 / f e e d  m o la r  r a t io

310 °c
5 0 0  p s ig

1 . 0  h ' 1

3 0 .0

3 .5 .1  L iq u id  P ro d u c t  A n a ly s is
T h e  l iq u id  p r o d u c t s  w e re  a n a ly z e d  b y  a  g a s  c h r o m a to g r a p h  ( A g i le n t  

7 8 9 0 )  e q u ip p e d  w ith  F ID  d e te c to r .  T h e  l iq u id  p r o d u c ts  f ro m  th e  h y d r o c r a c k in g  o f  
h y d r o g e n a te d  b io d ie s e l  d e r iv e d  f ro m  j a t r o p h a  c o n ta in  n o n - p o la r  h y d r o c a r b o n s .  T h e  
n o n - p o la r  h y d r o c a r b o n s  w e r e  d e te r m in e d  b y  u s in g  D B -5  c o lu m n  ( n o n - p o la r  c o lu m n ) . 
T h e  G C  o p e r a t in g  c o n d i t io n  w a s  s u m m a r iz e d  a s  fo l lo w s :

I n je c to r  t e m p e r a tu r e G/ไ o ๐ ท

D e te c to r  t e m p e r a tu r e : 3 8 0 ๐c
C a r r ie r  g a s : H e
C o lu m n  ty p e : C a p i l la ry  c o lu m n

( D B - 5 H T : d ia m e te r  0 .3 2  m m  le n g th  3 0  m )
T h e  f o l lo w in g  c h r o m a to g r a p h ic  t e m p e ra tu re  p ro g ra m  w a s  u s e d  fo r  

l iq u id  p r o d u c t  a n a ly s is .
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Table 3 .2  T h e  c h r o m a to g r a p h ic  t e m p e r a tu r e  p r o g r a m  fo r  l iq u id  p r o d u c t  a n a ly s is

S te p T e m p e r a tu r e  ( ๐C ) R a te  ( ° c /m in ) H o ld  t im e  ( m in )

1 50 - 1 0

2 160 5 5

F o r  th e  q u a n t i ta t iv e  c a lc u la t io n s  o f  l iq u id  p r o d u c t ,  th e  a r e a s  o f  e a c h  
p e a k  a n a ly z e d  h o u r ly  b y  a  G C /F ID  (A g i le n t  7 8 9 0 )  w e re  c o n v e r te d  to  g r a m  u n i t  b y  
E q u a t io n  3.1 b e c a u s e  th e  e a c h  p e a k  o f  p r o d u c ts  d e te c te d  b y  F ID  d e te c to r  c a n  b e  
v a r ie d  f ro m  a re a  u n i t  to  g ra m  u n it  d i re c t ly .

( a re a s  o f  p r o d u c t  i tC e r a m s  o f  l i q u i d  p r o d u c t !  _ „
W e ig h t o f  p r o d u c t  i (g )  =  ------------ ~ 7 ~  "  .  J  ;  (3 .1 )to t a l  a re a s  o f  l iq u id  p r o d u c t

T h e  c o n v e r s io n  a n d  p r o d u c t  s e le c t iv i ty  o f  e a c h  p r o d u c t  w e re  
c a lc u la te d  b y  E q u a t io n s  3 .2  a n d  3 .3 :

C o n v e rs io n  (% ) =
(m o le s  o f  f e e d  c o n v e r te d ) * ( 1 0 0 )

S e le c t iv i t y  t o  p r o d u c t  Î  ( % )  -

m o le s  o f  f e e d  in p u t
( m o le s  o f  p r o d u c t  i ) x ( 1 0 0 )

m o le s  o f  o v e ra ll p r o d u c t s

(3 .2 )

(3 .3 )

3 .5 .2  G a s  P r o d u c t  A n a ly s is
T h e  c o m p o s i t io n  o f  g a s  p r o d u c t  w a s  a n a ly z e d  q u a l i ta t iv e ly  o n - l in e  

h o u r ly  b y  G C /F ID  ( S h im a d z u  G C -1 7 A ) . T h e  G C  o p e r a t in g  c o n d i t io n  w a s  
s u m m a r iz e d  a s  f o l lo w s :

I n je c t io n  te m p e ra tu re :  150  °c
D e te c to r  te m p e ra tu re :  2 5 0  °c
C a r r ie r  g a s :  H e
C o lu m n  ty p e : c a p i l la ry  H P - P L O T /A I 2 O 3

“ ร ”  d e a c t iv a te d  c o lu m n
T h e  f o l lo w in g  c h r o m a to g r a p h ic  te m p e r a tu r e  p r o g ra m  w a s  u s e d  f o r  g a s  p r o d 

u c t a n a ly s is :

t  W W W
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T a b l e  3 .3  T h e  c h r o m a to g r a p h ic  t e m p e ra tu re  p r o g ra m  fo r  g a s - p h a s e  p r o d u c t  a n a ly s is

S te p T e m p e r a tu r e  (๐C ) R a te  ( ๐c / m i n ) F lo ld  t im e  (m in )

1 4 0 - 10
2 15 0 5 5
3 175 2 2

F o r  th e  q u a n t i ta t iv e  c a lc u la t io n s  o f  g a s  p r o d u c t ,  th e  a r e a s  o f  e a c h  p e a k  
a n a ly z e d  h o u r ly  b y  G C /F ID  ( S h im a d z u  G C -1 7 A )  w e r e  c o n v e r te d  to  g ra m  u n i t  b y  
c o m p a r in g  w i th  th e  a r e a  o f  m e th a n e  f ro m  g a s  s ta n d a rd  b y  m o l %  ( e q u a l  to  v o l % ) , as 
s h o w n  in  E q u a t io n s  3 .4  a n d  3 .5 .

V o lu m e  o f  p r o d u c t  i (m l)  = (areas o f p roduct t)x(volu:me o f  gas product)x (m ol % ofrae tane)
(mol o f carbon atoen}xÇ reference area of raetane)

W e ig h t  o f  p r o d u c t  i ( g )  = (v o lu m e  o f  p r o d u c t  i ) x ( ๓ o le c u la r  w e ig h t  i)
(2 2 .4 )x (1 0 0 0 )

(3 .4 )

(3 .5 )

T h e  c a lc u la t io n s  o f  c o n v e r s io n  a n d  p ro d u c ts  s e le c t iv i ty  a r e  d e f in e d  a s  s h o w n  
in  E q u a t io n s  3 .6  a n d  3 .7 ,  r e s p e c tiv e ly .

C o n v e r s io n  (% )  =  , J ' T g !  „w eigh t of (total p roducts 4- rerc Tinning reed) (3 .6 )

(w eigh t of p rod uc t i ) x (  1 0 0 3
S e le c t iv i ty  o f  p r o d u c t  i ( % )  =  ------ - ■  ; (3 .7 )w eigh t o f to tal p roducts

Y ie ld  o f  p r o d u c t  i (% )  =  ( c o n v e r s i o n )  X ( s e l e c t i v i t y  o f  p r o d u c t  i) (3 .8 )
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