
RESULTS AND DISCUSSION
CHAPTER IV

In  th is  p r o je c t ,  t h e  c a ta ly s t s  w e r e  s y n th e s iz e d  a n d  in v e s t ig a te d .  T h e r e  w e r e  
c a lc in e d  c a ta ly s t s  in  p o w d e r  fo rm  w h ic h  w e r e  H Y (P )  a n d  y - A l 2 0 3 ( P )  a n d  th e  
e x t r u d e d  P t /H Y :p s e u d o  b o e h m i te  ( 8 0 :2 0 ) ,  ( 6 0 :4 0 ) ,  ( 4 0 :6 0 ) ,  a n d  ( 2 0 :8 0 )  c a t a l y s t s  
d e n o te d  a s  8 0 P t /H Y ( E ) ,  6 0 P t /H Y ( E ) ,  4 0 P t /H Y ( E ) ,  a n d  2 0 P t /H Y ( E )  r e s p e c t iv e ly .

4.1 Characterization of Fresh Catalysts
4 .1 .1  C r y s t a l l i n e  P h a s e  D e te r m in a t io n

T h e  X R D  d i f f r a c t io n  p a t te r n s  o f  6 0 P t /H Y ( E )  a n d  H Y ( P )  w e r e  
c o l le c te d  b y  a n  X R D  d i f f r a c to m e te r .  X R D  a n a ly s i s  w a s  d e te r m in e d  a  c r y s t a l l i z a t io n  
p h a s e s  a n d  th e  c h a n g e  in  th e  s t r u c tu r e  o f  e x t r u d e d  H Y  z e o l i te  d u e  to  th e  a d d i t i o n  o f  
p s e u d o  b o e h m ite  b in d e r .  F ig u re  4 .1  c o m p a r e s  th e  X R D  d i f f r a c t io n  p a t te r n s  o f  H Y ( P )  
a n d  6 0 P t /H Y (E ) .  T h e  r e s u l t s  s h o w e d  th a t  th e  d i f f r a c t io n  p a t te r n  o f  6 0 P t /H Y ( E )  w a s  
s im i la r  to  th e  c a lc in e d  H Y ( P ) ,  i n d ic a t in g  th a t  th e  p s e u d o  b o e h m i te  a d d i t io n  d id  n o t  
a f f e c t  th e  H Y  z e o l i te  s t r u c tu r e .  F r o m  F ig u r e  4 .2 ,  X R D  d if f r a c t io n  p a t te r n  p r e s e n t  an  
a m o r p h o u s  p h a s e  o f  c a lc in e d  p s e u d o  b o e h m i te  (P )  a t  5 0 0  °c f o r  4  h . A t  h ig h e r  
te m p e r a tu r e s ,  p s e u d o  b o e h m i te  is t r a n s f o r m e d  to  y - a lu m in a  b u t  t h e  p o r e  s iz e  
d is t r ib u t io n  r e m a in s  u n c h a n g e d  u p  to  1 ,0 0 0  °c (N o g i  et al., 2 0 1 2 ) .
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2 T h e ta  (d e g re e )

F igure  4.1 X R D  p a t te r n s  o f  60P t/H Y (E ) a n d  H Y  (P).
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2 T h e ta  (d e g re e )

F igure  4.2 X R D  p a t te r n s  o f  c a lc in e d  p s e u d o  b o e h m ite  (P).

4 .1 .2  B r u n a u e r - E m m e t t - T e l l e r  ( B E T )
T h e  n i t r o g e n  a d s o r p t io n  i s o th e r m s  w e re  p e r f o r m e d  b y  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 t a c h r o m e / A u to s o r b - 1 ) .  S p e c i f i c  s u r f a c e  a r e a  w a s  c a l c u la t e d  w i th  th e  
B E T  e q u a t io n .  T a b le  4 .1  s h o w s  th e  s u r f a c e  a r e a  o f  e x t r u d e d  P t / H Y  z e o l i t e  w i th
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d if f e r e n t  p e r c e n ta g e s  o f  p s e u d o  b o e l im ite  b in d e r .  T h e  r e s u l t  s h o w s  t h a t  th e  s u r f a c e  
a r e a  o f  e x t r u d e d  P t /H Y  w a s  le s s  th a n  th e  P t /H Y  b e c a u s e  p s e u d o  b o e h m i te  h a d  lo w  
s u r f a c e  a r e a .  T h e r e f o r e ,  w h e n  p e r c e n ta g e  o f  p s e u d o  b o e h m i te  w a s  in c r e a s e d ,  s u r f a c e  
a r e a  o f  c a t a ly s t s  d e c r e a s e d .  It c a n  b e  d e te r m in e d  th a t  s o m e  p s e u d o  b o e h m i te  s p e c ie s  
a r e  e m b e d d e d  in  th e  p o r e  o f  H Y  z e o l i te ,  w h ic h  w o u ld  b lo c k  th e  m i c r o p o r e ’s  m o u th s  
o f  th e  z e o l i te  a n d  le a d  to  a  d e c l in e  in  s u r f a c e  a r e a  (S h e n g .  et a l ,  2 0 1 4 ) .

F ig u r e  4 .3  s h o w s  th e  p o r e  s iz e  d is t r ib i t io n  o f  e x t r u d e d  P t /H Y  z e o l i t e  
w i th  d i f f e r e n t  p e r c e n ta g e  o f  p s e u d o  b o e h m ite  b in d e r .  T h e  g r a p h  p r e s e n t s  th a t  th e  
c a lc in e d  H Y  z e o l i t e  h a d  m ic r o p o r e s  w i th  0 -2 0  Â  a n d  c a lc in e d  p s e u d o  b o e h m i te  h a d  
m e s o p o r e s  w i th  2 0 - 3 5 0  Â . B y  in c r e a s in g  th e  c o m p o s i t io n  o f  p s e u d o  b o e h m i te ,  th e  
f r a c t io n  o f  m e s o p o r o u s  s t r u c tu r e  w a s  in c re a s e d .

Table 4.1 P h y s ic a l  c h a r a c te r i s t i c s  o f  p re p a r e d  c a ta ly s t s

Catalyst BET Surface 
Area (m2/g)

C a lc in e d  H Y  z e o l i te ( P ) 6 3 3
C a lc in e d  p s e u d o  b o e h m i te ( P ) 2 4 2

8 0 P t /H Y ( E ) 5 5 0

6 0 P t /H Y ( E ) 4 8 6
4 0 P t /H Y ( E ) 4 3 2
2 0 P t /H Y ( E ) 3 4 0

๐
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F igure  4.3 P o re  s iz e  d is t r i b u t io n  o f  c a lc in e d  H Y  z e o l i t e ( P ) ,  8 0 P t /H Y ( E ) ,  
6 0 P t /H Y ( E ) ,  4 0 P t /H Y ( E ) ,  2 0 P t / I 4 Y ( E ) ,  a n d  c a lc in e d  p s e u d o  b o e h m i te ( P ) .

4 .1 .3  T e m p e r a tu r e  P r o g r a m m e d  D e s o rp tio n  ( T P P )  o f  I s o p r o p y l a m i n e
T h e  t e m p e r a tu r e  p r o g r a m m e d  d e s o r p t io n  o f  i s o p r o p y la m i n e  th a t  

c a ta ly z e d  th e  c o n v e r s io n  o f  th e  i s o p r o p y la m in e  in to  p r o p y le n e  a n d  a m m o n ia  ( P e r e i r a  
et al., 1 9 9 2 )  is  u s e d  to  c h a r a c te r iz e  th e  B r ô n s te d  a c id  s i t e s  o f  c a t a ly s t s .  T P D  
e x p e r im e n t  w a s  c a r r ie d  o u t  u s in g  l in e a r  h e a t in g  r a te  o f  2 0  ๐c / m i n  to  s tu d y  d e s o r p t io n  
a n d  r e a c t io n  o f  i s o p r o p y la m in e  f ro m  H Y  z e o l i te s  s u p p o r t e d  c a t a l y s t s .  F ig u r e  4 .4  
d is p la y s  th e  m /z  =  41 o f  p r o p y le n e / i s o p r o p y le n e  p e a k . A l l  o f  c a t a l y s t s  e x h ib i te d  
B r ô n s te d  a c id  p e a k  a t  a p p r o x im a t e ly  380 °c. T h e  a c id i ty  o f  t h e  c a t a l y s t s  b e f o r e  a n d  
a f te r  e x c h a n g in g  w i th  N H 4N O 3 a n d  P t  is s u m m a r iz e d  in  T a b le  4 .2 .  It w a s  f o u n d  th a t  
th e  B r ô n s te d  a c id  s i te  o f  t h e  c a t a ly s t s  d e c re a s e d  w i th  in c r e a s in g  th e  p s e u d o  b o e h m i te .  
T h e  d e c r e a s e  in a c id i ty  c o u ld  b e  d u e  to  th e  d e c r e a s in g  c o m p o s i t i o n  o f  H Y  z e o l i t e .  In 
a d d i t io n ,  in c r e a s in g  th e  c o m p o s i t io n  o f  p s e u d o  b o e h m i te ,  th e  p e a k  o f  th e  B r ô n s te d  
a c id  s i te  w a s  s h if t e d  to  lo w e r  te m p e r a tu r e .  It c a n  r e f e r  th a t  a d d in g  o f  p s e u d o  
b o e h m i te  c o u ld  in f lu e n c e  o n  th e  s tr o n g  a c id i ty  o f  e x t r u d e d  c a t a l y s t s .  A f te r
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e x c h a n g in g  th e  N H 4N O 3, t h e  a m o u n t  o f  B r ô n s te d  a c id  o f  c a t a l y s t s  w e r e  in c re a s e d . 
M o r e o v e r ,  lo a d in g  P t  o n  e x t r u d e d  c a ta ly s t  s l i g h t ly  c h a n g e d  th e  a c i d i ty  o f  c a ta ly s ts .

Table 4.2 A c id i ty  o f  th e  p r e p a r e d  c a ta ly s ts  f ro m  TPD o f  i s o p r o p y la m in e

C a ta ly s t

A c id i ty  o f  C a ta l y s t s  ( p m o l / g )
B r ô n s te d  A c id

C a ta l y s t E x tru d a te E x tr u d a te
+ n h 4n o 3

p  v trnH  dtp
+ N H 4N 0 3+ P t

H Y ( P ) 4 3 .6 0
P t /H Y ( P ) 3 3 .5

y - a i 2o 4(P ) 6 .9 9
P t /y - A l20 4(E ) 6 . 2 0

P t /H Y 8 0 ( E ) 3 2 .3 2 3 5 .4 4 2 0 .3 3
P t /H Y 6 0 ( E ) 1 7 .2 4 1 7 .5 5 1 7 .6 6
P t /H Y 4 0 ( E ) 1 6 .0 4 1 7 .1 6 1 7 .1 5
P t /H Y 2 0 ( E ) 1 1 .97 1 3 .8 5 1 2 .6 3

Figure 4.4 T P D  o f  i s o p r o p y la m in e  ( IP A )  o f  e x t r u d e d  H Y  z e o l i t e  w i th  d if f e r e n t  
p e r c e n ta g e  o f  (a )  P t /H Y ( P ) ,  ( b )  8 0 P t /H Y ( E ) ,  ( c )  6 0 P t /H Y ( E ) ,  ( d )  4 0 P t /H Y ( E ) ,  (e )  
2 0 P t /H Y ( E ) ,  a n d  ( f )  P t /y - A l20 3(E )  : ทา/z  =  4 1 , p r o p y l e n e / i s o p r o p y le n e .
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4 .1 .4  T e m p e r a tu r e  P r o g ra m m e d  D e s o r p t io n  ( T P D )  o f  A m m o n ia
T e m p e r a tu r e  p r o g r a m m e d  d e s o r p t io n  o f  a m m o n ia  w a s  p e r fo rm e d  th e  

to t a l  a c id i ty  o f  P t /H Y ( P ) ,  P t/y -A  120 3 (E ) ,  a n d  e x t r u d e d  c a t a ly s t s  w i th  d if f e r e n t  
p e r c e n ta g e s  o f  p s e u d o  b o e h m i te  b in d e r .  T h e  m /z  =  17 o f  a m m o n ia  p e a k  w a s  
d i s p l a y e d  in  F ig u r e  4.5. A ll o f  th e s e  c a t a ly s t s  e x h ib i t e d  p h y s ic a l  a d s o r p t io n  a n d  
d e s o r p t i o n  p e a k s  o f  a m m o n ia  a t a ro u n d  100 °c a n d  150-400 °c r e s p e c t iv e ly .  T h e  
to ta l  a c id i ty  o f  c a t a l y s t s  f ro m  T P D  o f  a m m o n ia  c o m p a r e  w i th  B r ô n s te d  a c id  f ro m  
T P D  o f  i s o p r o p y la m in e  w a s  s h o w n  in T a b le  4.3. T h e  r e s u l t  s h o w s  th a t  th e  to ta l  
a c i d i ty  o f  P t /H Y ( P )  w a s  s l ig h t ly  h ig h e r  th a n  B r ô n s te d  a c id  i n d i c a t i n g  in  lo w  L e w is  
a c id  s i t e s .  F o r  th e  e x t r u d e d  c a ta ly s ts ,  th e  to ta l  a c id i ty  w a s  o b v i o u s ly  h ig h e r  th a n  th e  
B r ô n s te d  a c id .  It c a n  r e f e r  th a t  a d d in g  w i th  p s e u d o  b o e h m i te  b in d e r  c o u ld  g e n e r a te  
t h e  L e w is  a c id  s i t e s  o n  e x t r u d e d  c a ta ly s t .

Table 4.3 T o ta l  a c i d i ty  o f  th e  p re p a re d  c a ta ly s t s  f ro m  T P D  o f  a m m o n ia  c o m p a r e  
w i th  B r ô n s te d  a c id  f ro m  T P D  o f  i s o p r o p y la m in e

C a ta ly s t
T o ta l  A c id i ty  o f  

C a ta ly s ts  ( p m o l /g )

B r ô n s te d  A c id  o f  
C a ta ly s ts  
( p m o l /g )

P t /H Y ( P ) 4 2 .4 5 3 3 .5 0

8 0 P t /H Y ( E ) 6 4 .5 1 2 0 .3 3

6 0 P t /H Y ( E ) 3 5 .5 0 1 7 .6 6
4 0 P t /H Y ( E ) 3 4 .6 1 1 7 .15
2 0 P t /H Y ( E ) 2 1 .8 7 1 2 .63

P t /y - A l20 3(E ) 2 0 .5 2 6 .0 2
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Figure 4.5 T P D  o f  a m m o n ia  o f  e x t r u d e d  H Y  z e o l i t e  w i th  d i f f e r e n t  p e r c e n ta g e  o f  (a )  
P t /H Y ( P ) ,  ( b )  8 0 P t /H Y ( E ) ,  (c )  6 0 P t /H Y ( E ) ,  ( d )  4 0 P t /H Y ( E ) ,  ( e )  2 0 P t /H Y ( E ) ,  a n d  ( 0  
P t /y - A l20 3(E )  : m /z  =  17.

4 .1 .4  T e m p e r a tu r e  P r o g r a m m e d  R e d u c t io n  ( T P R )
In  o r d e r  to  in v e s t ig a te  th e  r e d u c t io n  p r o f i l e  o f  th e  c a ta ly s ts ,  

t e m p e r a tu r e  p r o g r a m m e d  re d u c t io n  w a s  u s e d  to  e v a lu a te  th e  r e d u c t io n  te m p e r a tu r e  
o f  th e  in v e s t ig a te d  c a ta ly s ts .  T h e  T P R  p r o f i le s  o f  e x t r u d e d  P t /H Y  c a ta ly s ts  w i th  

d i f f e r e n t  p e r c e n ta g e s  o f  p s e u d o  b o e h m i te  b in d e r  a f t e r  c a l c i n a t io n  a t 3 5 0  ๐c  a r e  

s h o w n  in  F ig u r e  4 .6 .  T h e  r e d u c t io n  p r o f i le s  o f  a l l  c a t a ly s t s  s h o w  th e  p e a k  a t  a ro u n d  

100-300°c d u e  to  r e d u c t io n  o f  P t 0 2 p a r t ic le s .  T h e  P t4+ io n s  w e r e  fo rm e d  u n d e r  
c a lc in e d  c o n d i t io n s  b u t  th e  in te r a c t io n  w a s  n o t  s t r o n g  ( O s tg a r d  e t a l ,  1 9 9 2 ; P a rk  et 
a l ,  1 9 8 6 ) . F o r  th e  c a t a ly s t  w ith  (a )  P t /H Y ( P )  p r e s e n t  th e  r e d u c t io n  p e a k  a t  4 2 0  °c. 
T h is  p e a k  w a s  a t t r ib u te d  to  th e  r e d u c t io n  o f  P t2+ lo c a te d  in  s u p e r  c a g e s  o r  s o d a l i te  
u n i t s  in  th e  z e o l i t e  (L iu  et a l ,  1 9 9 9 ) . C o n s id e r in g  ( b )  8 0 P t /H Y ( E )  a n d  ( c )  
6 0 P t /H Y ( E ) ,  th e  r e d u c t io n  o f  P t2+ w e r e  s h i f t e d  to  5 0 0  °c. It c a n  n o tic e  th a t  th e  
r e d u c t io n  o f  P t /A l20 3 w o u ld  o c c u r  ( P h u o n g  et a l ,  2 0 0 9 ) .  N e x t ,  th e  r e d u c t io n  p ro f i le
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o f  d )  4 0 P t /H Y ( E ) ,  t h e  p e a k  n e a r  4 2 0  °c r e m a in e d  th e  r e d u c t io n  o f  P t2+o n  z e o l i te  d u e  
to  h ig h  d is p e r s io n  o f  P t p a r t ic le  o v e r  H Y  z e o l i te .  In  a d d i t io n ,  e )  2 0 P t /H Y (E )  a n d  ( f )  
P t / y - A f C ^ E )  a p p e a r  th e  s m a ll  p e a k s  n e a r  6 0 0  °c w h ic h  m o s t  l ik e ly  a s s o c ia te d  w i th  
th e  r e d u c t io n  o f  P t  s p e c ie s  in s t r o n g  in te r a c t io n  w i th  th e  Y -A I2 O 3  s u p p o r t  (L iu , et a i ,
2 0 0 7 ) .

Tem perature (°C)

Figure 4.6 T e m p e r a tu r e  p r o g r a m m e d  r e d u c t io n  ( T P R )  p r o f i le s  o f  (a )  P t /H Y ( P ) ,  (b )  
8 0 P t /H Y ( E ) ,  (c )  6 0 P t /H Y ( E ) ,  (d )  4 0 P t /H Y ( E ) ,  ( e )  2 0 P t /H Y ( E ) ,  a n d  ( 0  Pt/Y -A 120 3(E ) .

4.2 Mechanical Characterization of Fresh Catalysts
4 .2 .1  R a d ia l  C r u s h in g  S t r e n g th

T h is  r e s e a r c h  in v e s t ig a te s  th e  a b i l i t y  o f  p s e u d o  b o e h m i te  b in d e r  w h ic h  
w a s  a d d e d  in to  th e  H Y  z e o l i te  fo r  s h a p in g .  M o r e o v e r ,  t h e  e f f e c t  o f  a d d i t io n  o f  g la c ia l  
a c e t ic  a c id  w i th  d i f f e r e n t  p e r c e n ta g e s  w a s  a l s o  s tu d ie d .  F ig u r e  4 .7  e x h ib i t s  th e  e f f e c t  
o f  v a r ie d  v o l%  o f  g la c ia l  a c e t ic  a c id  f o r  s h a p in g  p a r e n t  p s e u d o  b o e h m i te .  T h e  
s t r e n g th  o f  s p e c im e n  in c re a s e d  w h e n  in c r e a s in g  th e  v o l%  o f  g la c ia l  a c e t ic  a c id  a n d  
s ta r te d  to  d e c r e a s e  a t  4  v o l%  o f  g la c ia l  a c e t i c  a c id .  C o n s e q u e n t ly ,  th e  a d d it io n  g la c ia l  
a c e t ic  a c id  w a s  o p t im iz e d  c o n c e n t r a t io n  a t  3 v o l% . F ig u r e  4 .8  s h o w s  th e  s t r e n g th  o f

o
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e x t r u d e d  H Y  z e o l i te  w i th  d i f f e r e n t  p e r c e n ta g e s  o f  p s e u d o  b o e h m i te  w i th  3  v o l%  o f  
g la c ia l  a c e t i c  a c id .  T h e  re s u l t  s h o w s  th a t  th e  m o r e  a d d in g  o f  p s e u d o  b o e h m i te  
c o n te n t ,  th e  h ig h e r  s tr e n g th  o f  c a t a ly s t s .

T a b le  4.4 s u m m a r iz e s  th e  m e c h a n ic a l  p r o p e r t ie s  o f  e x t r u d a te  w i th  
d i f f e r e n t  c o m p o s i t i o n s  o f  H Y  z e o l i t e  a n d  p s e u d o  b o e h m i te  r a t io s .  A ll  o f  p r e p a r e d  
s a m p le s  w e r e  c a lc in e d  a t 500 °c f o r  4 h . W h e n  th e  p s e u d o  b o e h m ite  b in d e r  w e r e  
a d d e d  in  H Y  z e o l i te  fo r  s h a p in g ,  t h e  m e c h a n ic a l  p r o p e r t ie s  o f  e x t r u d a te  w o u ld  b e  
im p r o v e d  b e c a u s e  o f  a d h e s iv e  f o r c e s  a n d  c r o s s - l i n k in g  o f  t e r m in a l  h y d r o x y l  g r o u p s  
b e tw e e n  n e ig h b o r in g  b in d e r  p a r t i c le s  ( S h e n g  et a l ,  2014).

N /c m

Figure 4.7 R a d ia l  c r u s h in g  s t r e n g th  o f  e x t r u d e d  p a r e n t  p s e u d o  b o e h m i te  w i th  
v a r y in g  p e r c e n ta g e s  o f  g la c ia l  a c e t ic  a c id .
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N/cm

H Y :P se u d o  b o e h m ite

Figure 4.8 R a d ia l  c r u s h in g  s t r e n g th  o f  e x t r u d e d  H Y :p s e u d o  b o e h m i te  w i th  3 %  
g la c ia l  a c e t i c  a c id .

Table 4.4 M e c h a n ic a l  p r o p e r t i e s  o f  e x t r u d a te  w i th  d i f f e r e n t  c o m p o s i t i o n  o f  H Y  
z e o l i t e  a n d  p s e u d o  b o e h m i te  r a t io s

Characteristic
------------------ I T

Unit Extrudates (HY:Pseudo Boehmite) wt%
0:100 20:80 40:60 60:40 80:20

D i a m e t e r m m 1 .8 1 .8 1 .8 1 .8 1 .8
L e n g th m m 6 .2 6 .5 6 .7 6 .2 6 .8
B u lk  D e n s i ty g /c m 3 0 .5 3
A t t r i t i o n  L o ss w t% 0 .9 6
R a d ia l
C r u s h i n g
S t r e n g th

N /c m 1 4 4 .9 7 1 2 6 .7 7 9 2 .3 0 8 1 .6 8 5 0 .4 1
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4.3 Feed and Standard Analysis

T h e  c h r o m a to g r a m  o f  v a r io u s  « - p a r a f f in  f e e d s to c k  in "the h y d r o g e n a te d  b io d ie s e l  
r a n g e  in c lu d in g  p e n ta d e c a n e  («-C15), h e x a d e c a n e  ( « - C l é ) ,  h e p ta d e c a n e  («-C17) a n d

o

o c ta d e c a n e  (« -C |g )  a n a ly z e d  b y  a  G C /F I D  ( A g i le n t  7 8 9 0 A )  is s h o w n  in  F ig u r e  4 .9 .  
B e s id e s  p e a k  o f  th e  « - p a r a f f in s ,  a  l i t t le  a m o u n t  o f  A o -p a ra f f in s  w a s  a l s o  o b s e r v e d .  
M o r e o v e r ,  c a rb o n  d i s u l f i d e  w a s  u s e d  a s  a  s o lv e n t  w h ic h  a p p e a r s  o n  th e  
c h r o m a to g r a m  a t 1 .2 0  m in .

* *  Figure 4.9 C h r o m a to g r a m  o f  v a r io u s  « - p a r a f f in  f e e d s to c k  in  th e  HBD r a n g e  
a n a ly z e d  b y  a  G C /F I D .

In o r d e r  to  id e n t i f y  w h a t  e a c h  p e a k  o f  l iq u id  p ro d u c ts ,  it  is  n e c e s s a r y  to  
k n o w  th e  r e te n t io n  t im e s  f o r  e a c h  p r o d u c t  p e a k  b y  u s in g  m ix tu r e  o f  s ta n d a r d  

c h e m ic a l s .  T h e  F ID  s ig n a l  o f  s ta n d a r d  c h e m ic a l s  is s h o w n  in F ig u r e  4 .1 0  a n d  th e  
r e t e n t io n  t im e s  f o r  e a c h  s ta n d a r d  c h e m ic a l  is  l is te d  in  T a b le  4 .5 .
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Figure 4.10 C h r o m a to g r a m  o f  s ta n d a r d s  c h e m ic a ls  in c lu d in g  /7- p e n t a n e  (/7- C 5), 77- 
h e x a n e  (ท-€(1), 77- h e p ta n e  (77-C7), /7- o c t a n e  (ท-c%), /7- n o n a n e  (77-C9), 77- d e c a n e ( /7-C io ) ,  
/7 -d o d e c a n e  ( 77- C 12) , /7 -p e n ta d e c a n e  (ท-C \ร), 7 7 -h ex ad ecan e  (77-C ié), 7 7 -h e p ta d e c a n e  (y7- 
C 17), /7-o c ta d e c a n e  ( /? -C i8) a n a ly z e d  b y  a  G C /F I D .

F o r  th e  r e f e r e n c e  s ta n d a r d  o f  g a s  p r o d u c ts ,  it w a s  a n a ly z e d  b y  a  G C /F I D  
( S h im a d z u  G C - 1 7 A )  e q u ip p e d  w ith  H P - P lo t  A I2O 3 c o lu m n . T h e  F I D  s ig n a l  o f  
s ta n d a r d  g a s  m ix tu r e  is s h o w n  in F ig u r e  4 .1 1  a n d  th e  r e t e n t io n  t im e s  f o r  e a c h  
s ta n d a r d  g a s  m ix tu r e  a r e  a ls o  l is te d  in  T a b le  4 .5 .

c

400

300

200

100

0

Figure 4.11 C h r o m a to g r a m  o f  th e  s ta n d a r d  g a s e s ,  (a )  m e th a n e ,  e th a n e ,  p r o p a n e  a n d  
b u ta n e ,  (b )  p e n ta n e ,  h e x a n e ,  h e p ta n e ,  o c t a n e  a n d  n o n a n e .
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Figure 4.11 (Cont.) Chromatogram of the standard gases, (a) methane, ethane, 
propane and butane, (b) pentane, hexane, heptane, octane and nonane.

Table 4.5 Retention times of standard chemicals and standard gas mixture analyzed 
by a GC/FID (Agilent GC 7890A and Shimadzu GC-17A, respectively)

Standard Chemicals Retention
Times Standard Gas Mixture Retention

Times
«-Pentane («-C5) 1.14 Methane (Cl) 3.92
ท-Hexane (ท-Cé) 1.26 Ethane(C2) 4.56
«-Heptane («-C7) 1.44 Propane (C3) 6.96
«-Octane («-Cg) 1.89 «-Butane («-C4) 11.80
«-Nonane («-C9) 2.95 «-Pentane («-C5) 15.95
«-Decane (n-Cio) 5.46 «-Hexane (ท-Ce) 20.32
«-Undecane («-C||) 11.19 «-Heptane (ท-c ๅ) 26.13
«-Dodecane («-Cl2) 16.26 «-Octane («-Cg) 32.30
«-Tridecane («-Cl3) 19.97 «-Nonane («-C9) 41.73
«-Tetradecane («-Cl4) 22.96
«-Pentadecane («-C15) 25.95
«-Hexadecane («-C16) 28.39
«-Heptadecane («-Cl7) 30.76
«-Octadecane («-C|g) 33.52

๐
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For example, a chromatogram of liquid and gas products over Pt/HY (Si/AI 
ratio of 100) operated at operating conditions: 310 ๐c, 500 psig, LHSV of 1.0 h'1, 
l^/feed molar ratio of 30, and TOS of 6 h is shown in Figure 4.10 and 4.11, 
respectively. In Figure 4.12 (a),a chromatogram of liquid products, they are divided, 
into three main parts which are gasoline fuel (C5-C9), jet fuel (C ]0-C |4), and 
remaining feed or diesel fuel (Ci5-C|g) at the retention times of 1.14-2.95 min, 5.46- 
22.96 min, and 25.95-33.52 min, respectively. And in Figure 4.12 (b), a 
chromatogram of gas products, consisting of light fuel (C1-C4) and gasoline fuel (C5- 
Cs) at the retention times of 3.92-1 1.80 min and 15.95-32.30, respectively.

UV(X1,000)w2 gfChromatogram

2.0

1.5
c 3

c 4

c 3
(-6 c-

_ 1_ . ..... _.. 1.
10 20

Cs
IA A i____ ___ ฬ A jl 

30

(b) 400

300

200

100

40 mil

Figure 4.12 Typical chromatogram of (a) liquid products and (b) gas products over 
Pt/HY (Si/AI ratio of 100) operated at operating conditions: 310 °c, 500 psig, LHSV 
of 1.0 h'1, H2/feed molar ratio of 30, and TOS of 6 h.
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J e t  A - l  is th e  m o s t  c o m m o n ly  u s e d  c o m m e r c ia l  a v ia t io n  f u e l .  It c o n s is t s  
m a in ly  o f  n o n a n e  ( C 9 ) ,  d e c a n e  (C IO ) ,  u n d e c a n e  ( C i l ) ,  d o d e c a n e  ( C 1 2 ) ,  t r id e c a n e  
( C l 3 ), a n d  t e t r a d e c a n e  ( C l 4 )  w i th  h ig h  f ra c tio n  i s o m e r iz e d  p a r a f f in s  w h ic h  p r o d u c t  
d is t r ib u t io n  o f j e t  A - l  is s h o w n  in  F ig u re  4 .1 3 .  '
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Carbon number

Figure 4.13 P r o d u c t  d i s t r ib u t io n  o f  j e t  A - l  in  te rm  o f  y ie ld .

4.4 Catalytic Activity Testing
F o r  s tu d y i n g  o f  th e  c a t a l y t i c  a c t iv i ty ,  c o n v e r s io n ,  p r o d u c t  y ie ld  a n d p r o d u c t  

s e le c t iv i ty  o f  e x t r u d e d  c a t a ly s t s ,  H Y  z e o l i te  w a s  f o r m u la t e d  b y  th e  a d d i t i o n  o f  
p s e u d o  b o e h m i te  b in d e r  th e n  th e  io n - e x c h a n g e d  te c h n iq u e s  ( IE )  w a s  u s e d  to  lo a d  th e  

P t w i th  0.1 w t%  o n  th e  e x t r u d a te .  T h e  r e a c t io n  c o n d i t i o n s  f o r  h y d r o c r a c k i n g  o f  

h y d r o g e n a te d  b io d ie s e l  ( H B D )  w e r e  c o n d u c te d  a t 3 1 0  ๐c ,  5 0 0  p s ig ,  a n d  F E /fe e d  

m o la r  ra t io  o f  3 0 .

4 .4 .1  E f f e c t  o f  L H S V

In th i s  s e c t io n ,  t h e  r e s u l t  o f  c a ta ly t ic  a c t i v i t y  t e s t in g  o f  6 0 P t /H Y ( E )  
w a s  c o n s id e r e d  to  o p t im iz e  f o r  p r o d u c in g  in  th e  r a n g e  o f  j e t  fu e l  w i th  h ig h  is o ­
p a r a f f in s  c o m p a r e d  to  j e t  A - l .  T h e  o p e r a t in g  p a r a m e te r  w a s  v a r ie d  b y  l iq u id  h o u r ly  
s p a c e  v e lo c i ty  ( L H S V ) ,  w h ic h  in d ic a te s  h o w  m a n y  r e a c to r  v o lu m e s  o f  f e e d  c a n  b e

o
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t r e a te d  in  a  u n i t  t im e .  It is a  d o m in a n t  fa c to r  a f f e c t in g  F C C  p e r f o r m a n c e .  T o  f in d  th e  
o p t im u m  r e a c t io n  c o n d i t i o n ,  th e  l iq u id  h o u r ly  s p a c e  v e l o c i t y  ( L H S V )  w a s  v a r ie d  
f ro m  1 to  3 h ' 1 to  s tu d y  th i s  e f f e c t  o f  r e a c t io n s  o n  p r o d u c t  y ie ld s .  T h e  c r a c k in g  
r e a c t io n  o f  h y d r o g e n a t e d  b io d ie s e l  w a s  p e r f o r m e d  a t  310.°c, 5 0 0  p s ig ,  a n d  H 2/Teed 
m o la r  r a t io  o f  30. T h e  p r o d u c t  s e le c t iv i ty  a n d  c o n v e r s io n  o b ta i n e d  o v e r  6 0 P t /H Y ( E )  
w i th  th e  d i f f e r e n t  l iq u id  h o u r ly  s p a c e  v e lo c i ty  ( L H S V )  a r e  g iv e n  in  F ig u r e  4 .1 4 .  
F ro m  r e s u l t  in d ic a te s  th a t  t h e  L F1S V  s ta r t  f ro m  1 IT1, th e  c o n v e r s io n  o f  p r o d u c t  w e re  
c lo s e d  to  100  %  th e n  d r o p p e d  a t  a r o u n d  2 .5  IT 1 b e c a u s e  o f  th e  e f f e c t  o f  c o n ta c t  t im e . 
A t  l o w  L H S V , th e  f e e d s  o f  h y d r o g e n a te d  b io d ie s e l  h a d  e n o u g h  t im e  to  r e a c t  w ith  
c a t a ly s t s  in  th e  r e a c to r .  W h e r e a s ,  in c r e a s in g  th e  L H S V  c o u ld  p r o v id e  th e  s h o r t  
c o n ta c t  t im e  t h a t  th e  h y d r o c a r b o n  w e r e  c o n v e r te d  in  c o n t i n u o u s  r e a c to r  d e c r e a s in g ly .  
F o r  th e  s e l e c t iv i ty  o f  p r o d u c t  o b ta in e d  o v e r  6 0 P t /H Y ( E )  a t  L H S V  1 IT 1, th e  p ro d u c t  
s e l e c t iv i ty  c o n s i s t e d  m a in ly  o f  g a s o l in e .  W h e n  L H S V  w a s  i n c r e a s e d ,  t h e  s e le c t iv i ty  
o f  g a s o l in e  r a n g e  w a s  d e c r e a s e d .  In  th e  o th e r  h a n d ,  th e  s e l e c t iv i ty  o f  j e t  r a n g e  te n d e d  
to  h ig h e r  a s  i n c r e a s in g  th e  L H S V  d u e  to  th e  c o n ta c t  t im e  a m o n g  o f  c a t a l y s t s  a n d  
l iq u id  h y d r o c a r b o n  w a s  b r ie f .  T h e r e f o r e ,  th e  h y d r o g e n a te d  b io d ie s e l  w a s  c r a c k e d  
in to  j e t  f u r th e r .

F ig u r e  4 .1 5  e x h ib i t s  th e  p ro d u c t  y ie ld  o v e r  6 0 P t /H Y ( E )  w i th  v a r ie d  
L H S V  f r o m  1 to  3 IT 1. W h e n  th e  L H S V  w e re  in c r e a s e d ,  th e  p r o d u c t  y ie ld  o f  g a s o l in e  
te n d e d  to  lo w  b u t  th e  y ie ld  o f  j e t  te n d e d  to  h ig h e r .  A t th e  L H S V  2 .5  IT1, p r o d u c t  y ie ld  
o f  j e t  w a s  o b ta in e d  h ig h e s t  a r o u n d  1 9 .4 6  % . H o w e v e r ,  i n c r e a s i n g  th e  L H S V  
in f lu e n c e s  th e  c o n v e r s io n  o f  c a t a ly s t s  a s  w e ll.

๐
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LHSV (h 1)

Figure 4.14 P r o d u c t  s e l e c t iv i ty  a n d  c o n v e r s io n  o f  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  ( H B D )  f e e d s to c k  o v e r  6 0 P t /H Y ( E )  w i th  v a r ie d  L H S V  f ro m  1 to  3 เา■ ' 

o p e r a t in g  c o n d i t io n :  310 °c, 500 p s ig , I-L /feed  m o l a r  r a t io  o f  30.
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Figure 4.15 P r o d u c t  y ie ld  o f  h y d r o g e n a te d  b io d iç s e l  ( H B D )  f e e d s  s to c k  o v e r  

6 0 P t /H Y ( E )  w i th  v a r ie d  L H S V  f ro m  1 to  3 h ’ 1 o p e r a t in g  c o n d i t io n :  3 1 0  ๐c ,  5 0 0  p s ig , 
H 2/ f e e d  m o la r  ra t io  o f  3 0 .
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4.4.2 Effect of Catalyst Formulation
The HY zeolite catalyst was formulated by addition of the pseudo 

boehmite birider with 3 vol% of glacial acetic acid. The composition of pseudo 
boehmite was varied with 20 wt%, 40 wt%, 60 wt%, and 80 wt%. After that, the 
extruded catalyst was treated with N H 4 N O 3  and loaded with 0.1 wt% of Pt. Figure
4.16 shows the distribution of liquid and gas product in term of product yield 
obtained over extruded Pt/HY zeolite with different percentages of pseudo boehmite 
binder. For more information, it was also shown in Figure 4.17 as the conclusive 
product distribution obtained over different extruded catalysts.

Carbon number

Figure 4.16 Product distribution in liquid and gas products in term of product yield 
obtained over (a) 80Pt/HY(E), (b) 60Pt/HY(E), (c) 40Pt/HY(E), (d) 20Pt/HY(E) 
(Reaction condition: 310 ๐c, 500 psig, and FE/feed molar ratio of 30.
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C a r b c n  n u m b e r

C a r b o n  n u m b e r

Figure 4.16 (Con’t.) P r o d u c t  d is t r ib u t io n  in l iq u id  a n d  g a s  p r o d u c ts  in te rm  o f  
p r o d u c t  y ie ld  o b ta in e d  o v e r  (a )  8 0 P t /H Y ( E ) ,  ( b )  6 0 P l /H Y ( E ) ,  ( c )  4 0 P t /H Y ( E ) ,  ( d )  

2 0 P t /H Y ( E )  ( R e a c t io n  c o n d i t io n :  3 1 0  ๐c ,  5 0 0  p s ig ,  a n d  P E /fe e d  m o la r  ra t io  o f  3 0 .

o
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C l C 2 C 3 C 4 C 5 C 6  C 7  C 8  C 9  C IO  C l  1 C 1 2  C 1 3  C 1 4  C 15 C 1 6  C 1 7  C l  8
C a r b o n  n u m b e r

Figure 4.16 (Con’t.) P r o d u c t  d i s t r i b u t io n  in  l iq u id  a n d  g a s  p ro d u c ts  in  t e r m  o f  
p r o d u c t  y ie ld  o b ta in e d  o v e r  ( a )  8 0 P t /H Y ( E ) ,  ( b )  6 0 P t /H Y ( E ) ,  (c )  4 0 P t /H Y ( E ) ,  (d )  

2 0 P t /H Y ( E )  ( R e a c t io n  c o n d i t io n :  3 1 0  ๐c ,  5 0 0  p s ig ,  a n d  E h /f e e d  m o la r  r a t io  o f  3 0 .

F ig u r e  4 .1 7  s h o w s  th e  c o m p a r is o n  o f  p r o d u c ts  d e f in e d  a s  l ig h t  r a n g e  
( C i - C j ) ,  g a s o l in e  r a n g e  ( C s - C s X je t  r a n g e  ( C 9- C 14) a n d  r e m a in in g  fe e d  o r  d ie s e l  r a n g e  
( C , 5- C |g )  o v e r  c a ta ly s ts .  T h e  r e s u l t  s h o w s  th a t  th e  p r o d u c t  o b ta in e d  o v e r  P t / H Y ( P )  
w a s  h ig h  y ie ld  o f  j e t  fu e l w i th  3 0 .9 2  % . B y  c o n t r a s t ,  th e  P t /y - A l2C>3(E )  d id  n o t  
c o n v e r t  th e  f e e d s to c k  o f  h y d r o g e n a te d  b io d ie s e l .  C o n s id e r in g ,  a ll o f  th e  e x t r u d e d  
c a t a ly s t s ,  8 0 P t /H Y ( E ) ,  6 0 P t /H Y ( E ) ,  4 0 P t /H Y ( E ) ,  a n d  2 0 P t /H Y ( E ) ,  g a v e  th e  h ig h  
y ie ld  o f  g a s o l in e  r a n g e  c o m p a r e d  w i th  P t /H Y ( P ) .  F r o m  th e  T P D  o f  a m m o n ia  d a ta ,  
t h e  r e s u l t  e x h ib i t e d  th a t  a d d i t io n  o f  p s e u d o  b o e h m i te  b in d e r  c o u ld  in f lu e n c e  o n  
in c r e a s in g  to ta l  a m o u n t  o f  a c id i ty  o f  th e  e x t r u d e d  c a t a l y s t  ( X ia o b a o  et a l ,  2 0 1 3 )  
w h ic h  th e  L e w is  a c id  s ite s  w e r e  g e n e r a t e d .  T h e r e  is e v id e n c e  fo r  th e  f o r m a t io n  o f  
L e w is  a c id  s i t e  a t  e x t r a - f r a m e w o r k  a lu m in u m  s p e c ie s  a n d  f r a m e w o r k  d e f e c t s  w i th  
o c c u r r in g  b y  s i l i c o n  m ig ra t io n ,  f o r m a t io n  o f  s i l a n o l  g r o u p s  o r  f o rm a tio n  o f  h y d r o x y l  
g r o u p s  a t e x t r a - f r a m e w o r k  a lu m in u m  ( W e i tk a m p  et a l ,  2 0 0 7 ) .  It i n d u c e s  th e  
e x t r u d e d  c a t a ly s t s  w i th  lo w  h y d r o g e n a t i o n - to - a c i d i ty  r a t io s  w h ic h  c a n  in f lu e n c e  th e  
r a te  o f  d e s o r p t io n  o f  t e r t ia r y  c a r b é n iu m  io n  a n d  s e l e c t iv i ty  o f  c a ta ly s t .  T h e  lo n g -
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chain molecules were not cracked in or near the center. Some of primary cracking 
reaction remains longer adsorbed at acid site and undergo secondary cracking. This 
results in higher yields ill gasoline (Scherzer and Gruia 1996). In addition, 
transformation of pseudo boehmite binder into a y form was sufficient both acid site 
and porosity. The large molecules of hydrocarbon were cracked into the molecular 
size which was capable to be further cracked by active site of zeolite into the 
gasoline or LPG range (Wolterman et al. 1980).

Comparing all of the extruded catalysts, the product obtained over 
80Pt/HY(E) giving high yield of gasoline. When the Pt/HY was decreased to 60 
wt%, the jet yield tended to higher until drop with decreasing the Pt/HY to 20 wt%. 
Moreover, decreasing the Pt/HY also decreased the yield of gasoline because the 
effect of total acidity of catalysts. In this research. 40Pt/HY(E) was the optimize 
ratio to obtain the highest yield of jet fuel with 24.73 %.

Pt/y-A1203(E) Pt/HY(P) 80Pt/HY(E) 60Pt/HY(E) 40Pt/HY(E) 20Pt/HY(E)

Figure 4.17 Product distribution obtained over different extruded catalysts 
compared with Pt/HY (Reaction condition: 310 °c, 500 psig, and H:/feed molar ratio 
of 30).



Table 4.6 Liquid and gas product yield o f different catalysts and jet A-l yield
(Reaction condition: 310 °c, 500 psig, and EL/feed molar ratio of 30)

. ' C a ta ly s ts J e t H Y Pt/H 'Y E x tru d ed  P t/H Y :P se u d o  b o e h m ite
A - l (8 0 :2 0 ) (6 0 :4 0 ) (4 0 :6 0 ) (2 0 :8 0 )

C l 0 0 0.00 0 0 0 0.02
C2 0 0 0.00 0 0 .0 7 0 .0 3 1.05

Y ie ld  o f C3 0 0 1.90 0 1.12 3 .0 3 0.00
G as C4 0 0 3.31 7 .4 7 3 .59 2.66 2 .9 4

P ro d u c ts C5 0 0 0 .1 7 0 0.43 1.51 1.53
(w t % ) C6 0 0 2 .8 9 0 0 .18 0 .7 4 0 .6 2

C 7 0 0 0 .5 2 0 0 .1 6 0.91 0 .4 2
C8 0 0 0 .5 5 0 0.23 0 .3 4 0 .4 8

iso-C 5 0 0 0 .7 0 5 .4 8 2 .24 5 .6 0 0 .7 2
n-C 5 0 0 2 .55 3 .8 5 4 .0 6 1.57 1 .87

iso-C 6 0 0 1.83 11.24 0.66 6 .4 9 0
n-C 6 0 0 0 .95 5 .0 0 4 .80 1.53 1.26

iso-C 7 0 .38 0 .3 8 4 .6 0 2 8 .9 6 15.65 15 .09 11.65
n-C 7 0 .18 0 .1 8 0 .9 4 5 .6 2 1.59 2 .6 2 0 .9 9

iso-C 8 1.21 1.21 4 .2 0 19.30 8 .06 11.54 7 .5 4
n-C 8 0 .9 2 0 .9 2 0 78 3 .2 7 1.44 2 .0 8 0 .7 9

iso-C 9 5 .00 5 .0 0 3.4-7 4.11 6 .1 6 8 .7 8 5 .85
n-C 9 2 .7 9 2 .7 9 0 .6 0 0.00 0.93 1.37 0 .6 5

iso-C IO 14.57 14.57 2.86 1.75 3 .82 7.41 4.51
n-C  10 5 .4 6 5 .4 6 0 .4 7 0 0 .7 4 0 .7 6 0 .4 6

Y ie ld  o f iso -C l 1 16.28 16.28 2 11 0 3 .22 4 .4 2 3 .1 3
L iq u id n - C l l 5 .4 4 5 .44 0 .3 8 0 0 .5 0 0 .4 7 0 .3 6

P ro d u c ts iso -C l 2 13.90 13.90 1.44 0 2 .17 1.10 2 .4 9(wt%) 41 n -C  12 4 .4 6 4 .4 6 0 .2 9 0 0.35 0 .0 5 0 .4 0
iso -C l 3 11.39 11.39 0.91 0 1.14 0.21 2 .03
n-C  13 3 .5 9 3 .5 9 0.21 0 0 .0 6 0 03 0 .0 9

iso -C l 4 7 .22 7 .2 2 0.21 0 0 .32 0.12 0 .7 5
n-C  14 1.83 1.83 0 .1 7 0 0.03 0.02 0.10

iso -C l 5 3 .68 3 .68 0 .3 0 0 0 .6 0 0 .6 3 0 .9 9
n-C  15 0 .6 0 0 .6 0 2 .7 2 0 2 .37 1.58 2 .2 8

iso -C l 6 0.91 0.91 1.35 0 7.88 1.58 2 .2 8
n-C  16 0 .1 4 0 .1 4 7 .9 7 0 0.25 3 .9 4 6 .03

iso -C l 7 0 00 0.00 3 .2 9 0 1.56 2 .2 3 4 .3 6
n-C  17 0 .05 0 .05 12.09 0 7.04 2 .4 5 8 .4 9

iso -C l 8 0.00 0.00 3.23 0 2.31 2 .3 2 4.41
n-C  18 0.00 0.00 30.01 0 14.22 0 .3 0 18.11

Sum  o f  Iso-paraffins 
(w t % ) 74 .53 5 .4 9 6 8 .6 9 6 8 .53 54 .95 6 9 .0 2 5 7 .32

S u m  o f  N -p a ra ff in s
(w t % ) 2 5 .47 94 .51 31.31 3 1 .4 7 4 5 .05 3 0 .9 8 4 2 .6 8
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Table 4.6 presents the liquid and gas product yields obtained over the 
different catalysts compared to Jet A-l. The results indicate that products consist 
mainly of isomerized paraffins obtainëd over Pt/HY(P), 80Pt/HY(E), 60Pt/HY(E), 
40Pt/HY(E), and 20Pt/HY(E) catalysts. The extruded catalysts gave higher 
isomerized paraffins as a result of hydrocracking and hydrogenation over Pt/HY 
zeolite.

4.4.3 Effect of Different Acid Solutions
As resulted in catalytic activity testing, the 40Pt/HY(P)i catalyst was 

the optimum for producing in the range of jet fuel with high iso-paraffins. In this 
section, the 3 vol% of nitric acid solution was used for formulation the HY catalyst 
to study this effect of reactions on product yields. The 3 vol% nitric acid solution 
was added to the mixture of HY zeolite and pseudo boehmite followed by the same 
method with using acetic acid for formulation. After that, the extrudate was loaded 
with Pt by ion-exchange method without treatment with ammonium nitrate.

100 
90 

80 

70

^  60 

2  50

5 40
30 

20 

10 

0
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□ light (C1-C4)

£2 Gasoline (C5-C8) 

■  Jet (C9-C14)

□ Diesel (C15-CI8)

Figure 4.18 Product distribution obtained over 40Pt/HY(E) catalysts with different 
acid solution (Reaction condition: 310 °c, 500 psig, and H2/feed molar ratio of 30).
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The result in Figure 4.18 shows that the product yield of jet fuel 
obtained over 40Pt/HY(E) formulated by nitric acid solution with 30.29 wt%. It was 
higher yield of jet fuel than the 40Pt/HY(E) formulated by glacial acetic acid 
solution. For the mechanical properties, Figure 4.19 shows that the extrudate 
formulated with nitric acid have higher strength than other formulated with glacial 
acetic acid. Moreover, the 40Pt/HY(E) formulated by nitric acid solution could be 
converted the feedstock of hydrogenated biodiesel without treatment with 
ammonium nitrate. In the other hand, the 40Pt/HY(E) formulated by acetic acid 
solution could not convert the hydrogenated biodiesel if not treatment with 
ammonium nitrate. Nevertheless, the reason of this view was inscrutable to describe.

N /cm

Acid solution

Figure 4.19 Radial crushing strength of extruded catalysts with different acid 
solutions.

Table 4.7 shows the surface area of 40Pt/HY(E) catalysts with 
different acid solution. The result shows that the surface area of 40Pt/HY(E) 
formulated by glacial acetic acid was less than the 40Pt/HY(E) formulated by nitric 
acid.
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Table 4.7 Physical characteristics of 40Pt/HY(E) catalysts with different acid 
solution

Catalyst BET Surface 
Area (m2/g)

40Pt/HY(E) formulated by 
glacial acetic acid 432

40Pt/HY(E) formulated by 
nitric acid 450

Table 4.8 The total acidity from TPD of ammonia and Brônsted acid from TPD of 
isopropylamine of 40Pt/HY(E) catalysts with different acid solution

Catalyst
Total Acidity of 

Catalysts 
(pmol/g)

Brônsted Acid 
of Catalysts 

(pmol/g)

40Pt/HY(E) formulated by 
glacial acetic acid 64.51 20.33

40Pt/HY(E) formulated by 
nitric acid 82.45 33.50

The total acidity of catalysts from TPD of ammonia and Brônsted 
acid from TPD of isopropylamine of 40Pt/HY(E) catalysts with different acid

๐
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solution was shown in Table 4.8. The result shows that the total acidity and Brônsted 
acid of 40Pt/HY(E) formulated by nitric acid was slightly higher than the another 
formulated by glacial acetic acid. As acetic acid is a weak acid its dissociation power 
is weak (pKa=4.76) generating relatively small number of H+ ions,.Conversely, nitric 
is a strong acid which can completely dissociated in aqueous solution (pKa<l). 
Furthermore, the positive charge of catalyst could adsorb the counter ions of acetate 
ions which neutralized the proton on the catalyst (Van Garderen et al., 2012). Hence, 
the extruded catalysts formulated by glacial acetic acid have to treatment with 
NH 4 N O 3 to increase the proton on the extruded HY zeolite.

4 X
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