
CHAPTER 4

EXPERIMENTAL RESULTS AND DISCUSSIONS

To s t u d y  t h e  i n d i v i d u a l  e f f e c t s  o f  t e m p e r a t u r e ,  
p r e s s u r e  and s p a c e  v e l o c i t y ,  e a c h  v a r i a b l e  was s t u d i e d  w h i l e  
t h e  r e m a i n i n g  w e r e  k e p t  c o n s t a n t .  I t  was  n o t  e a s y  t o  c o n t r o l  
e x a c t l y  t h e  f e e d  r a t e  o f  n - h e x a n e  i n  e a c h  o f  t h e  e x p e r i m e n t a l  
r u n s .  On t h e  o t h e r  h a n d ,  t h e  r e s u l t s  shown i n  T a b l e  4 and 
p l o t t e d  i n  F i g u r e  4 a ,  F i g u r e  4b and F i g u r e  4 c ,  w h i c h  w ere  
s u m m a r i z e d  f r o m Run Dat a  N o . 1 1 - 1  t o  1 1 - 5  and Run Data  N o . 1 2 - 1  
t o  1 2 - 5  i n  A p p e n d i x  A s h o w e d  t h a t  t h e  m o l a r  r a t i o  o f  h y d r o g e n  
t o  n - h e x a n e  i n  t h e  f e e d  d i d  n o t  n o t i c e a b l y  a f f e c t  t h e  
c o n v e r s i o n  o f  n - h e x a n e .  T h e r e f o r e ,  t h e  o b s e r v e d  o f  n - h e x a n e  
c o n v e r s i o n  and p r o d u c t  s e l e c t i v i t y  c o u l d  b e  d i s c u s s e d  and  
c om p a r e d  among v a r i o u s  e x p e r i m e n t a l  c o n d i t i o n s .

4 . 1  EXPERIMENTAL RESULTS AND DISCUSSIONS FOR 
MORDENITE
a .  E f f e c t  o f  R e a c t i o n  T e m p e r a t u r e

i )  E f f e c t  o f  T e m p e r a t u r e  on T o t a l
C o n v e r s i o n  o f  n - H e x a n e

B a s e d  on t h e  e x p e r i m e n t a l  d a t a  o f  r u n s



T a b l e  4 .  EFFECT OF REACTION TEMPERATURE ON n-HEXANE CONVERSION 
AND PRODUCT S ELEC TI VI TI ES .
EXPERIMENTAL CONDITIONS ะ

P =  6 0 a t g .
s v =  4 0 0 0 h r - 1
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F i g u r e  4a n - H e x a n e  C o n v e r s i o n  vs. T e m p e r a t u r e  o f  H - M o r d e n i t e  C a t a l y s t  f o r
p = 60 a t g .  ; Mo l ar  R a t i o  o f  แ 2 ะ n - Cg  i n  F e e d  = 3 8 . 0 4 ,  5 7 . 9 4  ;
sv. = 4 0 0 0  h r - 1



TEMPERATURE (°C)
F i g u r e  4 b  LPG S e l e c t i v i t y  v s .  T e m p e r a t u r e  o f  H - M o r d e n i t e  C a t a l y s t  f o r

p = 60  a t g  ; M o l a r  R a t i o  o f  แ 2 ะ n - C g  i n  F e e d  = 3 8 . 0 4 ,  5 7 . 9 4  ; ๐'
= 4 0 0 0  h r - 1s v .



TEMPERATURE ( ° C)
F i g u r e  4 c  G a s o l i n e  S e l e c t i v i t y  v s .  T e m p e r a t u r e  o f  H - M o r d e n i t e  C a t a l y s t  f o r

p = 60 a t g  ; Mo l ar  R a t i o  แ 2 ะ n - Cg  i n  F e e d  = 3 8 . 0 4 ,  5 7 . 9 4  ;
s v .  = 4 0 0 0  h r - 1
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T a b l e  4 - 1  A Summary o f  t h e  E f f e c t  o f  T e m p e r a t u r e  on  
T o t a l  C o n v e r s i o n  o f  n - H e x a n e

H - M o r d e n i t e  C a t a l y s t
T o t a l  S p a c e  V e l o c i t y  ะ= 4 00 0  hr  ^

T e m p e r a t u r e  C o n v e r s i o n  ( % )

( ° c )  p = 30 a t g  p = 50 a t g  p = 95 a t g

260  1 6 . 4 0  5 . 6 1  

280  7 5 . 3 6  2 7 . 5 6  

300 9 3 . 2 2  7 9 . 6 8  

320 9 7 . 4 7  9 7 . 0 3  

340  9 8 . 2 2  9 8 . 9 0

6 . 1 9

- 1 9 . 2 2

4 5 . 8 0

8 1 . 7 8

9 8 . 2 2

t h e



F i g u r e  4 - 1  n - H e x a n e  C o n v e r s i o n  v s .  T e m p e r a t u r e  o f  H - M o r d e n i t e  C a t a l y s t  f o r

- 1p = 3 0 ,  5 0 ,  95 a t g  ; s v . 4 0 0 0  h r 1/1VO
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n o . 1 - 1  t o  1 - 5 ,  2 - 1  t o  2 - 5  a n d  3 - 1  t o  3 - 5  i n  A p p e n d i x  A,  a
s u m m a r y  i s  m ad e  a s  s h o w n  i n  T a b l e  4 - 1 .  A p l o t  o f  t o t a l  
c o n v e r s i o n ,  b a s e d  o n  t h e  n - h e x a n e  c o n v e r t e d ,  v e r s u s  
t e m p e r a t u r e  i s  s h o w n  i n  F i g u r e  4 - 1 .  T h e  o b t a i n e d  r e s u l t s  
s h o w  t h a t  a t  e a c h  f i x e d  p r e s s u r e ,  t h e  c o n v e r s i o n  r o s e  a s  
t e m p e r a t u r e  i n c r e a s e d  b y  20 d e g r e e s  C e l s i u s  f r o m  2 6 0  c  t o  
340  c .  On t h e  o t h e r  h a n d ,  t h e  r a t e  o f  i n c r e a s e  o f  c o n v e r s i o n  
s l o w e d  down a s  t h e  t e m p e r a t u r e  i n c r e a s e d ,  a s  e v i d e n t  f r o m  
t h e  d e c r e a s i n g  s l o p e  o f  t h e  c u r v e s  i n  F i g u r e  4 - 1 .

i i )  E f f e c t  o f  T e m p e r a t u r e  o n  P r o d u c t
S e l e c t i v i t i e s

The p r o d u c t  s e l e c t i v i t i e s  o b s e r v e d  f rom  
t h e  h y d r o c r a c k i n g  o f  n - h e x a n e  u s i n g  H - m o r d e n i t e  c a t a l y s t  
c a n  b e  d i v i d e d  i n t o  t wo  p r o d u c t  g r o u p s ,  n a m e l y ,  t h e  s e l e c t i v i t y  
f o r  LPG ( c o n s i s t i n g  o f  p r o p a n e ,  n - b u t a n e  and i s o - b u t a n e )  and  
t h e  s e l e c t i v i t y  f o r  g a s o l i n e  ( c o n s i s t i n g  o f  n - p e n t a n e ,  i s o 
p e n t a n e ,  2 , 2 - d i m e t h y l b u t a n e  ( 2 , 2 - D M B ) ,  2 , 3 - d i m e t h y l b u t a n e  
( 2 , 3 - D M B ) ,  2 - m e t h y l p e n t a n e  (2-MP)  .and 3 - m e t h y l p e n t a n e  (3-MP)

To i l l u m i n a t e  t h e  e f f e c t  o f  t e m p e r a t u r e  
on t h e  a b o v e  two  t y p e s  o f  s e l e c t i v i t i e s , t h e  o b s e r v e d  
s e l e c t i v i t i e s  a t  t h r e e  f i x e d  p r e s s u r e s  a r e  s u m m a r i z e d  i n  
T a b l e  4 - 2  and T a b l e  4 - 3 ,  and  shown g r a p h i c a l l y  i n  F i g u r e  4 - 2  
and F i g u r e  4 - 3 .

T a b l e  4 - 2  r e v e a l s  t h a t  a s  t e m p e r a t u r e  
r o s e ,  t h e  s e l e c t i v i t y  f o r  LPG a l s o  i n c r e a s e d  w h i l e  s e l e c t i v i t y
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T a b l e  4 - 2  E f f e c t  o f  T e m p e r a t u r e  ๐ท LPG S e l e c t i v i t y  

H - M o r d e n i t e  C a t a l y s t
T o t a l  S p a c e  V e l o c i t y  = 4 0 0 0  h r - ^

T e m p e r a t u r e LPG S e l e c t i v i t y  ( % )

( °C) p = 30 a t g p = 50 a t g p = 95 a t g

260

280

300

320

6 . 1 2

5 5 . 0 8

7 7 . 9 0

8 7 . 1 5

6 . 2 2

1 1 . 6 0

6 7 . 3 5

8 1 . 4 8

1 1 . 0 8

1 0 . 6 5

1 6 . 5 9

4 8 . 9 1

340 9 2 . 0 2 8 9 . 7 9 9 2 . 1 0
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T a b l e  4 - 3  E f f e c t  o f  T e m p e r a t u r e  on G a s o l i n e  S e l e c t i v i t y  

H - M o r d e n i t e  C a t a l y s t
T o t a l  S p a c e  V e l o c i t y  = 4 00 0  h r  ^

T e m p e r a t u r e G a s o l i n e  S e l e c t i v i t y  (%)
( ° c ) p = 30 a t g  p = 50 a t g p = 95 a t g

260

280

300

320

340

9 3 . 1 8

4 3 . 9 1

2 0 . 5 3

10.68

5.02

9 2 . 8 6

8 7 . 0 6

4 1 . 2 6

1 5 . 6 3

6.15

8 7 . 8 5

8 7 . 3 1

8 0 . 6 3

4 6 . 5 9

4.93



TEMPERATURE (°C)
F i g u r e  4 - 2  LPG S e l e c t i v i t y  vs .  T e m p e r a t u r e  o f  H - M o r d e n i t e  C a t a l y s t  f o r

p = 3 0 ,  5 0 ,  95 a t g  ; sv .  = 4 0 0 0  h r - 1 C\น)
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F i g u r e  4-3 G a s o l i n e  S e l e c t i v i t y  vs. T e m p e r a t u r e  o f  H - M o r d e n i t e  C a t a l y s t
f o r  p= 30, 50, 95 a t g  ; sv. = 4000 h r - 1

cn■ u
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f o r  g a s o l i n e  d r o p p e d  ( s e e  T a b l e  4 - 3 ) .  T h i s  means  t h a t  t h e  
h y d r o c r a c k i n g  o f  n - h e x a n e  o c c u r r e d  p r e f e r e n t i a l l y  t o  t h e  
i s o m e r i z a t i o n  o f  n - h e x a n e .  F i g u r e  4 - 4 ,  F i g u r e  4 - 5  and F i g u r e  
4 - 6  sh ow t h e  p r o d u c t  d i s t r i b u t i o n  a t  3 0 ,  50 and 95 a t g ,  
r e s p e c t i v e l y .  The f i g u r e s  show t h a t  t h e  i n c r e a s e  i n  l i g h t e r  
p r o d u c t s ,  e s p e c i a l l y  p r o p a n e ,  a t  a h i g h  t e m p e r a t u r e  was  
a c c o m p a n i e d  by a d e c r e a s e  i n  C j - p a r a f f i n s  and Cg p a r a f f i n s  
( e x c l u d i n g  n - h e x a n e ) .

i i i )  E f f e c t  o f  T e m p e r a t u r e  on S p a c e  Time Y i e l d

As i n  t h e  c a s e  o f  p r o d u c t  s e l e c t i v i t y ,  
s p a c e  t i m e  y i e l d  (STY) was b a s e d  on two p r o d u c t  g r o u p s .  
One was  t h e  STY o f  LPG and t h e  o t h e r ,  t h e  STY o f  g a s o l i n e .

A s e e n  f rom T a b l e  4 - 4  and t h e  c o r r e s p o n d i n g  
F i g u r e  4 - 7 ,  t h e  STY o f  LPG i n c r e a s e d  a s  r e a c t i o n  t e m p e r a t u r e  
s o a r e d .  T a b l e  4 - 5  s u m m a r i z e s  and F i g u r e  4 - 8  s h o w s  g r a p h i c a l l y  
t h e  STY o f  g a s o l i n e  v e r s u s  t e m p e r a t u r e .  The o b s e r v e d  STY o f  
LPG and STY o f  g a s o l i n e  r e v e a l e d  d i f f e r e n t  t e m p e r a t u r e  
d e p e n d e n c y .  The STY o f  g a s o l i n e  f i r s t  i n c r e a s e d  b u t  
s u b s e g u e n t l y  d r o p p e d  a f t e r  r e a c h i n g  a p e a k , w h i c h  c o r r e s p o n d s  
t o  t h e  opt i mum p o i n t  f o r  t h e  STY o f  g a s o l i n e .  The a b o v e  
r e s u l t s  a l s o  sh ow t h a t  t h e  opt i mum t e m p e r a t u r e  s h i f t e d  
h i g h e r  a s  t h e  r e a c t i o n  p r e s s u r e  r o s e .

b .  E f f e c t  o f  R e a c t i o n  P r e s s u r e

i )  E f f e c t  o f  P r e s s u r e  on T o t a l  C o n v e r s i o n



F i g u r e  4-4 P r o d u c t  D i s t r i b u t i o n  vs.  T e m p e r a t u r e  o f  H - M o r d e n i t e  C a t a l y s t  f o r
p = 30 a t g  ; sv. = 4000 h r - 1

cท <T\
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P r o d u c t  D i s t r i b u t i o n  v s .  T e m p e r a t u r e  o f  H - M o r d e n i t e  C a t a l y s t  f o r  
p = 50 a t g  ; s v .  = 4 0 0 0  h r - 1

F i g u r e  4 - 5
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F i g u r e  4 - 6  P r o d u c t  D i s t r i b u t i o n  v s .  T e m p e r a t u r e  o f  H - M o r d e n i t e  C a t a l y s t  f o r  

p = 95 a t g  ; s v .  = 4 0 0 0  h r - 1
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T a b l e  4 - 4  E f f e c t  o f  T e m p e r a t u r e  ๐ ท t h e  STY o f  LPG

H - M o r d e n i t e  C a t a l y s t  
T o t a l  S p a c e  V e l o c i t y 4 0 0 0  hr - 1

T e m p e r a t u r e  STY o f  LPG ( c m ^ / c m ^ h r )
( ° c )  p = 30 a t g  p = 50 a t g  p = 95 a t g

260 0 . 8 7 0 . 3 6 0.86

280 3 6 . 1 1 3 . 3 2 2 . 5 5

300 6 3 . 1 8 5 5 . 7 0 9 . 4 7

3 20 7 3 . 9 0 8 2 . 0 6 4 9 . 8 6

340 7 8 . 6 3 9 2 . 1 0 1 1 2 . 7 8
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TEMPERATURE (°C)
F i g u r e  4 - 7  STY o f  LPG v s .  T e m p e r a t u r e  o f  H - M o r d e n i t e  C a t a l y s t  f o r

- 1p = 3 0 ,  5 0 ,  95 a t g  ; s v . 4 0 0 0  h r o
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T a b l e  4 - 5  E f f e c t  o f  T e m p e r a t u r e  on t h e  STY o f  

H - M o r d e n i t e  C a t a l y s t
T o t a l  S p a c e  V e l o c i t y  = 4 0 0 0  hr

T e m p e r a t u r e STY o f  G a s o l i n e  (cm / cm'
( °c) p = 30 a t g p = 50 a t g

2 60  1 3 . 2 9  5 . 4 0  

2 80  2 8 . 7 8  2 4 . 9 1  

300  1 6 . 6 5  3 4 . 1 2  

3 2 0  9 . 0 6  1 5 . 7 4  

340  4 . 2 9  6 . 3 1

>

G a s o l i n e

1

hr  )
= 95 a t g

6 . 7 8

2 0 . 9 2

4 6 . 0 3

4 7 . 5 0

6 . 0 4
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F i g u r e  4 - 8  STY o f  G a s o l i n e  v s .  T e m p e r a t u r e  o f  H - M o r d e n i t e  C a t a l y s t  f o r
- 1p = 3 0 ,  5 0 ,  95 a t g  ; s v .  4 0 0 0  hr M
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o f  n - H e x a n e

n - h e x a n e  u s i n g  
r e a s o n s  ะ

T h r e e  p r e s s u r e s ,  i  
H - m o r d e n i t e  c a t a l y s t

• e .  3 0 ,  50 and 95 a t g ,  o f  
b e c a u s e  o f  t h e  f o l l o w i n g

1)  The p r e s s u r e  o f  50 a t g  i s  t h e  m i d d l e  o f  
t h e  d e s i g n  p r e s s u r e  o f  t h e  r e a c t o r  s e t .

2)  To i n v e s t i g a t e  t h e  e f f e c t  o f  p r e s s u r e  
o n  t h e  h y d r o c r a c k i n g  r e a c t i o n ,  t h e r e f o r e ,  a l o w e r  and  a 
h i g h e r  p r e s s u r e  s h o u l d  b e  c h o s e n .

3)  The p r e s s u r e  o f  95 a t g  was  r e a s o n a b l e  
i n  t e r m s  o f  s a f e t y  a s  t h e  maximum d e s i g n  p r e s s u r e  i s  1 0 0  

a t g .
4)  30 a t g  was  c h o s e n  t o  s e e  how t h e  

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

T a b l e  4 - 1  s h o w s  t h e  e f f e c t  o f  p r e s s u r e  on t h e  
t o t a l  c o n v e r s i o n  o f  n - h e x a n e ,  w h i c h  was  shown g r a p h i c a l l y  i n  
F i g u r e  4 - 1 .  When o t h e r  c o n d i t i o n s  w e r e  k e p t  c o n s t a n t ,  t h e  
e f f e c t  o f  p r e s s u r e  on n - h e x a n e  c o n v e r s i o n  was  r e m a r k a b l e  a t
280  c  and 3 0 0  c  b u t  n o t  s o  a b o v e  320  c .  E s p e c i a l l y  a t  3 4 0  c  
t h e  e f f e c t  o f  p r e s s u r e  was  i n d i s t i n g u i s h a b l e  s i n c e  a l m o s t  
a l l  n - h e x a n e  was  c o n v e r t e d .

i i )  E f f e c t  o f  P r e s s u r e  on P r o d u c t  S e l e c t i v i t i e s  
As s e e n  f r o m T a b l e  4 - 2  and F i g u r e  4 - 2 ,  t h e  

s e l e c t i v i t y  f o r  LPG d r o p p e d  a s  p r e s s u r e  i n c r e a s e d  w h i l e  t h e
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r e a c t i o n  t e m p e r a t u r e  r a n g e d  f rom 280  c  to* 320  c .
On t h e  c o n t r a r y ,  w i t h i n  t h e  a b o v e  r a n g e  

o f  t e m p e r a t u r e ,  t h e  s e l e c t i v i t y  f o r  g a s o l i n e  i n c r e a s e d  a s  
t h e  p r e s s u r e  i n c r e a s e d  ( s e e  T a b l e  4 - 3  and F i g u r e  4 - 3 ) .  At  
260  c  and 340  c ,  h o w e v e r ,  t h e  p r e s s u r e  had l i t t l e  e f f e c t  on 
t h e  s e l e c t i v i t y  f o r  g a s o l i n e .

i i i )  E f f e c t  o f  P r e s s u r e  on S p a c e  Time Y i e l d  
B o t h  t h e  STY o f  LPG and STY o f  g a s o l i n e  

w e r e  a f f e c t e d  by  p r e s s u r e ,  a s  r e v e a l e d  by T a b l e  4 - 4  and  
F i g u r e  4 - 7  f o r  t h e  e f f e c t  o f  p r e s s u r e  on t h e  STY o f  LPG, and  
by T a b l e  4 - 5  and F i g u r e  4 - 8  f o r  t h e  e f f e c t  o f  p r e s s u r e  on t h e  
STY o f  g a s o l i n e .  At a l o w  r e a c t i o n  p r e s s u r e ,  t h e  opt imum  
t e m p e r a t u r e  was  l o w  and a s  t h e  p r e s s u r e  r o s e ,  t h e  opt imum  
t e m p e r a t u r e  t e n d e d  t o  s h i f t  t o  a h i g h e r  v a l u e .

c .  E f f e c t  o f  S p a c e  V e l o c i t y
i )  E f f e c t  o f  S p a c e  V e l o c i t y  on T o t a l  

C o n v e r s i o n  o f  n - H e x a n e
The e x p e r i m e n t a l  d a t a  o f  Run N o . 2 - 1  t o  

2 - 5 ,  3 - 1  t o  3 - 5  and 4 - 1  t o  4 - 5  we r e  s u m m a r i z e d  i n  T a b l e  4 - 6  
i n  o r d e r  t o  i l l u s t r a t e  t h e  e f f e c t  o f  s p a c e  v e l o c i t y  on t h e  
t o t a l  c o n v e r s i o n  o f  n - h e x a n e .

F i g u r e  4 - 9  t h e n  g r a p h i c a l l y  s h ow s  t h e  
e f f e c t  o f  s p a c e  v e l o c i t y  on t h e  t o t a l  c o n v e r s i o n .  When o t h e r  
c o n d i t i o n s  w e r e  k e p t  c o n s t a n t ,  t h e  o b s e r v e d  c o n v e r s i o n s  a t  
s v .  2 , 0 0 0  hr  * and 4 , 0 0 0  h r - * we r e  n o t  d i f f e r e n t ,  e x c e p t  a t
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T a b l e  4 - 6  E f f e c t  o f  S p a c e  V e l o c i t y  on T o t a l  C o n v e r s i o n  o f  
n - H e x a n e

O p e r a t i n g  P r e s s u r e  = 50 a t g .

H - M o r d e n i t e  C a t a l y s t

T e m p e r a t u r e
( ° c )

C o n v e r s i o n  (%)
s v  = 2 0 0 0  h r * 1 s v  = 4 0 0 0  h r * 1  s v  = 8 0 0 0  hr

260

280

300

320

3 . 7 9

5 4 . 8 2

8 8 . 0 4

9 7 . 0 4

5 . 6 1

2 7 . 5 6

7 9 . 6 8

9 7 . 0 3

3 . 9 8

1 7 . 8 9

5 2 . 8 2

5 4 . 1 0

340 9 9 . 2 8 9 8 . 9 0 5 7 . 1 1



- 1f o r  P = 50 a t g  ; SV.  = 2 0 0 0 ,  4 0 0 0 ,  8 0 0 0  h r cn
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2 8 0 ° c.
C o m p a r i s o n  o f  t h e  r e s u l t s  a t  s v  8 , 0 0 0  

h r   ̂ w i t h  t h e  o t h e r  two  S V' s  s h o w s  t h a t  t h e  c o n v e r s i o n  a t  
8 , 0 0 0  h r -  ̂ was  l o w e s t ,  e x c e p t  a t  2 6 0 °  c

i i )  E f f e c t  o f  S p a c e  V e l o c i t y  on P r o d u c t
S e l e c t i v i t i e s

B a s e d  on t h e  e x p e r i m e n t a l  d a t a  o f  Runs  
N o . 2 - 1  t o  2 - 5 ,  3 - 1  t o  3 - 5  and 4 - 1  t o  4 - 5  i n  A p p e n d i x  A, 
T a b l e  4 - 7  and T a b l e  4 - 8  s u m m a r i z e  t h e  s e l e c t i v i t y  f o r  LPG 
and s e l e c t i v i t y  f o r  g a s o l i n e  a t  t h r e e  d i f f e r e n t  s p a c e  
v e l o c i t i e s .  The s e l e c t i v i t y  f o r  LPG c l e a r l y  d e p e n d e d  upon  
t h e  t o t a l  c o n v e r s i o n  o f  n - h e x a n e .  In o t h e r  w o r d s ,  t h e  h i g h e r  
t h e  n - h e x a n e  c o n v e r s i o n ,  t h e  more t h e  LPG, e s p e c i a l l y  
p r o p a n e .  F i g u r e  4 - 1 0  and F i g u r e  4 - 1 1  show t h e  p r o d u c t  
d i s t r i b u t i o n  f o r  t h e  c a s e s  o f  50 a t g  and 2 , 0 0 0  hr~^ , and  
50 a t g  and 8 , 0 0 0  hr  ^,  r e s p e c t i v e l y .

A c o m p a r i s o n  b e t w e e n  T a b l e  4 - 7  and T a b l e  
4 - 8  r e v e a l s  an i n t e r e s t i n g  c o r r e l a t i o n  b e t w e e n  LPG 
s e l e c t i v i t y  and g a s o l i n e  s e l e c t i v i t y ,  when LPG s e l e c t i v i t y  
r o s e ,  g a s o l i n e  s e l e c t i v i t y  d r o p p e d .  T h e r e f o r e ,  more LPG was  
f o u n d  i n  t h e  p r o d u c t s  when n - h e x a n e  c o n v e r s i o n  was  h i g h .

i i i )  E f f e c t  o f  S p a c e  V e l o c i t y  on STY
T a b l e  4 - 9  and T a b l e  4 - 1 0  s u m m a r i z e  t h e  

e f f e c t  o f  s p a c e  v e l o c i t y  on t h e  STY o f  LPG and g a s o l i n e ,  
r e s p e c t i v e l y .  G e n e r a l l y ,  a maximum STY o f  LPG was  o b s e r v e d
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T a b l e  4 - 7  E f f e c t  o f  S p a c e  V e l o c i t y  on  LPG S e l e c t i v i t y
i

O p e r a t i n g  P r e s s u r e  = 50 a t g .

H - M o r d e n i t e  C a t a l y s t

T e m p e r a t u r e
( ° c )

LPG S e l e c t i v i t y  { % )

s v  = 2 0 0 0  h r - 1  s v  = 4 0 0 0  h r - 1  s v  = 8 000  hr

260

280

300

320

6 2 . 6 2

5 4 . 8 5

5 5 . 2 0

8 8 . 3 2

6 . 2 2

1 1 . 6 0

6 7 . 3 5

8 1 . 4 8

6 . 0 9

6 . 0 2

3 8 . 2 2

4 9 . 7 1

340 9 3 . 4 6 8 9 . 7 9 5 6 . 1 0
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O p e r a t i n g  P r e s s u r e  = 50 a t g .

H - M o r d e n i t e  C a t a l y s t

T a b l e  4 - 8  E f f e c t  o f  S p a c e  V e l o c i t y  on G a s o l i n e  S e l e c t i v i t y

T e m p e r a t u r e G a s o l i n e  S e l e c t i v i t y  { % )

C C )  s v  = 2 0 0 0  h r - 1  s v  = 4 0 0 0  h r - 1  s v  = 8 0 0 0  hr

260

280

300

320

340

3 5 . 2 8

4 4 . 0 8

3 3 . 8 4

8 . 1 3

1 . 3 1

9 2 . 8 6

8 7 . 0 6

4 1 . 2 6

1 5 . 6 3

6 . 1 5

9 3 . 3 7

9 3 . 2 8

6 0 . 8 4

4 8 . 8 6

4 2 . 4 8



ร̂ Cl ISC2 [รุ่^ C3 m i-C4 ^n -C 4  พBn-C5 i 2,2 DMB I2.3DMB m 2 MP 1 3 MP
F i g u r e  4 - 1 0 P r o d u c t  D i s t r i b u t i o n  v s .  

p = 50 a t g  ; s v .  =
T e m p e r a t u r e  o f  H - M o r d e n i t e  C a t a l y s t  f o r  

- 1
2 0 0 0  hr



TfKJISSSKR
B yv f iT ïu i IU 111

_  260 °c 280°c 300 °c 320 “ C
I C I  H C 2  m  C3 i l i - C 4  ริร]ท-Cc 
Bn-C5 fe ,2D M B fl2 ,3D M B ^2M P  Ü  3 MP

300 °c 320 °c 340 °c 
ร ิi C4 SSn-C4 ฒ เ-C5

F i g u r e  4 - 1 1  P r o d u c t  D i s t r i b u t i o n  v s .  T e m p e r a t u r e  o f  H - M o r d e n i t e  C a t a l y s t  f o r  
p = 50 a t g  ; s v .  = 8 0 0 0  h r - 1

03H
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T a b l e  4 - 9  E f f e c t  o f  S p a c e  V e l o c i t y  on t h e  STY o f  LPG

H - M o r d e n i t e  C a t a l y s t

O p e r a t i n g  P r e s s u r e ะ 50 a t g .

S p a c e  V e l o c i t y ะ 2 0 0 0 4 0 0 0 8 00 0 h r - 1

N - He xa ne  Feed  R a t e ะ 2 0 7 . 5 8 1 1 6 . 8 2 4 8 8 . 5 5 cm ^/ h r

T e m p e r a t u r e  STY o f  LPG ( c m^ / c m^ h r )
C C )  s v  =• 2 00 0  h r - 1  s v  = 4 0 0 0  h r - 1  s v  = 8 00 0  h r " 1

260

2 80

3 00

320

1 . 3 9

1 7 . 5 6

2 8 . 3 9

5 0 . 0 6

0 . 3 6

3 . 3 2

5 5 . 7 0

8 2 . 0 6

0 . 5 9

2 . 6 3

4 9 . 3 1

6 5 . 6 9

3 40 5 4 . 2 0 9 2 . 1 0 7 8 . 2 6
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H - M o r d e n i t e  C a t a l y s t  

O p e r a t i n g  P r e s s u r e  ะ 50 a t g .

S p a c e  V e l o c i t y  ะ 2 0 0 0  4 0 0 0  8 0 0 0  h r - 1

N - He xa ne  F e e d  R a t e  ะ 2 0 7 . 5 8  1 1 6 . 8 2  4 8 8 . 5 5  c m^/ hr

T e m p e r a t u r e  STY o f  G a s o l i n e  ( c m ^ / c m ^ h r )
( ° c )  s v  = 2 0 0 0  h r - 1  s v  = 4 0 0 0  h r - 1  s v  = 8 000  h r - 1

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

280  1 4 . 1 1  2 4 . 9 1  4 0 . 7 5

300  1 7 . 4 0  3 4 . 1 2  7 8 . 4 9

• 3 20  4 . 6 1  1 5 . 7 4  6 4 . 5 7

T a b l e  4 - 1 0  E f f e c t  o f  S p a c e  V e l o c i t y  on t h e  STY o f  G a s o l i n e -

340 0 . 7 6 6 . 3 1 5 9 . 2 6
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a t  3 4 0 °  c ,  t h e  u p p e r  t e m p e r a t u r e  l i m i t  i n  t h e  e x p e r i m e n t .  A 

m o d e r a t e  s v ,  a r o u n d  4 , 0 0 0  hr   ̂ a p p e a r e d  t o  g i v e  t h e  g l o b a l  
maximum STY o f  LPG. As f o r  t h e  STY o f  g a s o l i n e ,  m o d e r a t e  
t e m p e r a t u r e  a r o u n d  3 0 0 °  c  and t h e  h i g h e s t  s v  g a v e  t h e  g l o b a l  
maximum.

d .  D e a c t i v a t i o n  o f  t h e  M o r d e n i t e  C a t a l y s t
To s e e  how t h e  a c t i v i t y  o f  t h e  H - m o r d e n i t e  

c a t a l y s t  i n  t h e  h y d r o c r a c k i n g  o f  n - h e x a n e  d r o p  w i t h  t i m e ,  
a f t e r  t h e  w h o l e  s e r i e s  o f  e x p e r i m e n t a l  r u n s  had b e e n  
c o m p l e t e d ,  a f i n a l  run  u n d e r  t h e  same e x p e r i m e n t a l  c o n d i t i o n s  
a s  t h e  f i r s t  run  was  r e p e a t e d .  T a b l e  4 - 1 1  and F i g u r e  4 - 1 2  
c o mp a r e d  t h e  o b s e r v e d  n - h e x a n e  c o n v e r s i o n  b e t w e e n  t h e  f r e s h  
and u s e d  c a t a l y s t s .  O b v i o u s l y  t h e  n - h e x a n e  c o n v e r s i o n  o f  t h e  
u s e d  H - m o r d e n i t e  c a t a l y s t  a f t e r  a b o u t  n i n e t y  h o u r s  i n  
o p e r a t i o n  was  l e s s  t h a n  h a l f  t h a t  o f  t h e  f r e s h  o n e .  By t h e  
way t h e  p r o d u c t  d i s t r i b u t i o n  b e l o n g i n g  t o  t h e  u s e d  c a t a l y s t  
was shown i n  F i g u r e  4 - 1 3  b a s e d  on d e t a i l e d  d a t a  o b t a i n e d  i n  
Run d a t a  No.  6 - 1  t o  6 - 5  i n  A p p e n d i x  A. T a b l e  4 - 1 1  a l s o  
s h o w e d  t h e  d i f f e r e n t  i n  S e l e c t i v i t y  f o r  b o t h  LPG and  
g a s o l i n e  b e t w e e n  t h e  f r e s h  and u s e d  H - m o r d e n i t e  c a t a l y s t s .  
LPG s e l e c t i v i t y  o f  u s e d  c a t a l y s t  was l e s s  t h a n  h a l f  o f  t h e  
f r e s h  o n e ,  w h i l e  s e l e c t i v i t y  f o r  g a s o l i n e  u s i n g  u s e d  
c a t a l y s t  was  g r e a t e r  t h a n  u s i n g  t h e  f r e s h  o n e .  s i m i l a r  t o  
LPG s e l e c t i v i t y ,  t h e  r e s u l t  f o r  STY o f  LPG was  o b t a i n e d .  But  
t h e  r e v e r s e  was  r e s u l t e d  f o r  STY o f  g a s o l i n e .



T a b l e  4 - 1 1  E f f e c t '  o f  R e a c t i o n  T e m p e r a t u r e  o n  n - H e x a n e  C o n v e r s i o n ,  P r o d u c t  
S e l e c t i v i t i e s  a n d  STY o f  F r e s h  a n d  U s e d  H - M o r d e n i t e  C a t a l y s t s

E x p e r i m e n t a l  C o n d i t i o n s  ะ
p =ะ 30 a t g

s v = 4 00 0 hr"

T E M PER ATU R E C O N V E R S IO N  0 0 S E L E C T I V I T Y 00 STY ( c m ^ / c r a ' น
CO ERESH

C A T A L Y S T

USED

C A T A L Y S T FR E S H

LPG

USED

G A S O L I N E

FR E S H USED

LPG

FR E S H USED

G A S O L I N E  

FR E S H  USED

2 6 0 า ธ - 1เ อ 3 . 6 5 6 . 1 2 1 3 . 3 6 9 3 . 1 8 £ 6 . 1 6 0 . 8 7 0 . 0 6 1 3 . 2 9 5 . 5 1*

2 8 0 7 5 . 3 6 า 5 . * เ อ 5 5 . 0 8 2 7 . 5 7 1 . 3 . 9 1 7 1 . 7 6 3 6 . 1 1 7  M 2 8 . 7 8 19 .*»*»

5 0 0 9 3 . 2 2 2 8 . 1 t 1» 7 7 . 9 0 น . 1 0 2 0 . 5 3 5 8 . 1 0 6 3 . 1 8 2 6 . 5 6 1 6 . 6 5 2 9 . 0 7

3 2 0 9 7 . น 3 2 . 1 0 8 7 . 1 5 * * 9 . 3 0 1 0 . 6 8 น . 5 8 7 3 . 9 0 2 7 . 8 * . 9 . 0 6 2 8 . 0 0

3เ»0 9 8 . 2 2 3 9 . 5 8 9 2 . 0 2 5 8 . 6 1 » 5 . 0 2 3 9 . 6เ» 7 8 . 6 3 1 . 0 . 8 3 I . . 2 9 2 7 . 6 1

๓



Figure 4-12 n-Hexane Conversion vs. Temperature of H-Mordenite Catalyst

for p = 30 atg ; sv. = 4000 hr-1 (Comparison between Fresh

a n d  U s e d )



F i g u r e  4 - 1 3  P r o d u c t  D i s t r i b u t i o n  v s .  T e m p e r a t u r e  o f  U s e d - H - M o r d e n i t e  C a t a l y s t  
f o r  p = 3 0  a t g  ; รพ. = 4 0 0 0  h r - 1
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4 . 2  EXPERIMENTAL RESULTS AND DISCUSSIONS FOR H-Y
CATALYST

So f a r  t h e  i n v e s t i g a t i o n  was  c o n c e n t r a t e d  on  
t h e  H - m o r d e n i t e  c a t a l y s t  and t h e  e f f e c t s  o f  p r e s s u r e ,  
t e m p e r a t u r e  and s p a c e  v e l o c i t y  on t h e  n - h e x a n e  h y d r o c r a c k i n g  
r e a c t i o n .  T h r e e  d i f f e r e n t  p r e s s u r e s ,  n a m e l y  30 a t g ,  50 a t g  
and 95 a t g ,  w e r e  u s e d  i n  t h e  i n v e s t i g a t i o n  and i t s  e f f e c t s  
w e r e  m e n t i o n e d  i n  s e c t i o n  4 . 1 .  The n e x t  c a t a l y s t  u n d e r  
i n v e s t i g a t i o n  was  t h e  Na-Y c a t a l y s t ,  w h i c h  had b e e n  m o d i f i e d  
t o  t h e  H-Y f o r m .  The o b j e c t i v e s  o f  i n v e s t i g a t i o n  and t h e  
r a n g e  o f  e x p e r i m e n t a l  c o n d i t i o n s  f o r  t h e  H-Y c a t a l y s t  was  
t h e  same a s  t h e  H - m o r d e n i t e .

a .  E f f e c t  o f  R e a c t i o n  T e m p e r a t u r e
i )  E f f e c t  o f  T e m p e r a t u r e  on t h e  T o t a l  

C o n v e r s i o n  o f  n - H e x a n e
The d e t a i l e d  d a t a  o f  Runs N o . 7 - 1  t o  7 - 5  

and Runs N o . 9 - 1  t o  9 - 5  i n  A p p e n d i x  A w e r e  r e o r g a n i z e d  and  
t a b u l a t e d  i n  T a b l e  4 - 1 2 .  From t h i s  t a b l e  a p l o t  o f  t h e  t o t a l  
c o n v e r s i o n  v s .  t e m p e r a t u r e  was made a s  shown i n  F i g u r e  4 - 1 4 .  
The p e r c e n t a g e  o f  c o n v e r s i o n  d e p e n d e d  r e m a r k a b l y  on  
t e m p e r a t u r e  a t  b o t h  o p e r a t i n g  p r e s s u r e s ,  n a m e l y  50 a t g  and 
70 a t g .  As t h e  t e m p e r a t u r e  r o s e ,  more n - h e x a n e  was  c o n v e r t e d  
b u t  t h e  e f f e c t  o f  t e m p e r a t u r e  b ec a me  l e s s  s i g n i f i c a n t  a b o v e
2 6 0 ° c
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T a b l e  4-12 T o t a l  C o n v e r s i o n  o f  n - H e x a n e  v e r s u s  T e m p e r a t u r e  
f o r  t h e  H-y C a t a l y s t ,  sv. = 4000 h r - 1

TEMPERATURE CONVERSION ( % )

( ° c )  p = 50 a t g  p = 70 a t g

2 6 0  1 . 2 4  1 . 1 0

2 8 0  3 . 5 4  3 . 0 3

3 00  1 4 . 8 9  6 . 9 9

3 20  3 1 . 1 7  2 6 . 7 7

340 5 7 . 0 1 4 9 . 9 4
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Figure 4-14 n-Hexane Conversion vs. Temperature of H-Y Catalyst for

p = 50, 70 atg ; sv. = 4000 hr-1
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i i ) E f f e c t  o f  T e m p e r a t u r e  on  S e l e c t i v i t y
Four  f i g u r e s ,  F i g u r e  4 - 1 5 ,  F i g u r e  4 - 1 6 ,  

F i g u r e  4 - 1 7  and F i g u r e  4 - 1 8  w e r e  drawn u s i n g  t h e  e x p e r i m e n t a l  
r e s u l t s  o f  Runs No.  7 - 1  t o  7 - 5  and Runs No.  9 - 1  t o  9 - 5  i n  
A p p e n d i x  A. T a b l e  4 - 1 3  and T a b l e  4 - 1 4  a l s o  s u m m a r i z e d  t h e  
o b s e r v e d  p r o d u c t  s e l e c t i v i t i e s  i n  e a c h  r u n .

P r e p a r e d  f r o m t h e  r e s u l t s  t a b u l a t e d  i n  
T a b l e  4 - 1 3  and T a b l e  4 - 1 4 ,  F i g u r e  4 - 1 5  and F i g u r e  4 - 1 6
s h owed  LPG s e l e c t i v i t y  and g a s o l i n e  s e l e c t i v i t y  v e r s u s  
t e m p e r a t u r e ,  r e s p e c t i v e l y .  R a i s i n g  t h e  t e m p e r a t u r e  r e s u l t e d  
i n  more p r o p a n e ,  i - b u t a n e  and n - b u t a n e  i n  t h e  p r o d u c t s  a t  
b o t h  p r e s s u r e s ,  50 and 70 a t g ,  ( s e e  F i g u r e  4 - 1 5 ) .  On t h e  
o t h e r  h a n d ,  w h i l e  more LPG p r o d u c t s  w e r e  o b t a i n e d  a s  t h e  
t e m p e r a t u r e  i n c r e a s e d ,  g a s o l i n e  p r o d u c t s ,  c o m p o s e d  o f  
i - p e n t a n e ,  n - p e n t a n e ,  2 ,2 -DMB,  2 , 3 - D MB,  2MP and 3 MP,
t e n d e d  t o  f a l l  d ow n ,  a s  s e e n  i n  F i g u r e  4 - 1 6 .  T h u s ,  when t h e  
t e m p e r a t u r e  was  s u f f i c i e n t l y  h i g h ,  s a y ,  3 20 °  c  and 3 4 0 °  c ,  
t h e  c o n su me d  n - h e x a n e  w o u l d  m o s t l y  b e  c r a c k e d  t o  LPG,
e s p e c i a l l y  p r o p a n e ,  a s  e v i d e n t  f rom F i g u r e  4 - 1 7  and F i g u r e
4 - 1 8 ,  w h i c h  s h o w e d  t h e  p r o d u c t  d i s t r i b u t i o n  o b s e r v e d  a t  
50 a t g a n d  70 a t g ,  r e s p e c t i v e l y .

i i i )  E f f e c t  o f  T e m p e r a t u r e  on STY
To i l l u m i n a t e  t h e  e f f e c t s  o f  t e m p e r a t u r e  

on t h e  STY o f  LPG and STY o f  g a s o l i n e ,  t h e  e x p e r i m e n t a l  
r e s u l t s  w e r e  t a b u l a t e d  i n  T a b l e  4 - 1 5  and T a b l e  4 - 1 6  a s  w e l l  
a s  shown g r a p h i c a l l y  i n  F i g u r e  4 - 1 9  and F i g u r e  4 - 2 0 .
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T a b l e - 1 3  LPG S e l e c t i v i t y  v e r s u s  T e m p e r a t u r e
( s v .  .= 4 0 0 0  h r  1 p = 50 a n d  70 a t g )

TEMPERATURE LPG SELECTIVITY (%)
( ° c )  p = 50 a t g  p = 70 a t g

260  4 . 5 8  3 . 9 3

280  7 . 7 7  6 . 1 7

300 1 0 . 0 0  8 . 1 0

320  2 7 . 5 7  1 7 . 2 8

340 4 2 . 4 1  3 2 . 7 5

I
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T a b l e  4 - 1 4  G a s o l i n e  S e l e c v i t i t y  v e r s u s  T e m p e r a t u r e  
( s v .  = 4 0 0 0  h r - 1 , p = 50 and 70 a t g )

TEMPERATURE GASOLINE SELECTIVITY (%)
( ° c )  p = 50 a t g  p = 70 a t g .

260  9 5 . 4 2  9 6 . 0 7

280  9 1 . 7 1  9 3 . 4 1

300 8 9 . 6 0  9 1 . 4 9

320  7 1 . 8 3  8 2 . 1 0

340 5 6 . 8 3 6 6 . 2 5
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Figure 4-16 Gasoline Selectivity vs. Temperature of H-YCatalyst for

= 4000 hr-1p = 5 0 ,  7 0  a t g  ; รพ.
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F i g u r e  4 - 1 9  s h owed  t h a t  t h e  STY o f  hPG 
i n c r e a s e d  a s  t h e  t e m p e r a t u r e  i n c r e a s e d  a t  b o t h  exp e r i m e n tal 

p r e s s u r e s ,  50 and 70 a t g .  In  f a c t  t h e  STY a t  3 4 0 °  c  was  
t w e l v e  t i m e s  h i g h e r  t h a n  t h a t  a t  3 0 0 °  c  o f  e x p e r i m e n tal 

p r e s s u r e  a t  50 a t g .
S i m i l a r l y ,  F i g u r e  4 - 2 0  s h o w e d  t h a t  t h e  

STY o f  g a s o l i n e  r o s e  hand i n  hand w i t h  t e m p e r a t u r e .
๖ .  E f f e c t  o f  P r e s s u r e

i )  E f f e c t  o f  P r e s s u r e  on t h e  Total 

C o n v e r s i o n  o f  n - H e x a n e
F i g u r e  4 - 1 4  r e v e a l e d  t h a t  a t  t h e  n.ime 

t e m p e r a t u r e ,  t h e  t o t a l  c o n v e r s i o n  o f  n - h e x a n e  a t  50  a t g  was  
s l i g h t l y  h i g h e r  t h a n  t h a t  a t  70 a t g  w h i c h  i s  t h e  r e s u l t  o f  
e q u i l i b r i u m  s h i f t e d .  E q u i l i b r i u m  c o n v e r s i o n  i s  a f f e c t e d  by  
p r e s s u r e ,  f o r  an i n c r e a s e  i n  p r e s s u r e  i n  g a s  r e a c t i o n s ,  
c o n v e r s i o n  r i s e s  when t h e  number o f  m o l e s  d e c r e a s e s  v / i t h  
r e a c t i o n  ; c o n v e r s i o n  d r o p s  when t h e  number o f  m o l e s  
i n c r e a s e s  w i t h  r e a c t i o n .  ( 3 0  ะ 2 1 5 - 2 1 6 )

i i )  E f f e c t  o f  P r e s s u r e  o n  P r o d u c t
S e l e c t i v i t i e s

The e f f e c t  o f  p r e s s u r e  on L P G  

s e l e c t i v i t y  was  r e v e a l e d  i n  F i g u r e  4 - 1 5 .  I t s  e f f e c t  was  
i n s i g n i f i c a n t  a t  2 6 0 °  c ,  2 8 0 °  c  and 3 0 0 °  c ,  but-  I s P G  

s e l e c t i v i t y  a t  50 a t g  was  h i g h e r  t h a n  t h a t  a t  70 a t g  w h e n  

t h e  t e m p e r a t u r e  was  3 2 0 °  c  and 3 4 0 °  c
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T a b l e  4 - 1 5  E f f e c t  o f  T e m p e r a t u r e  on t h e  STY o f  LPG
(SPACE VELOCITY = 4 0 0 0  h r - 1 , p 50 and 70 a t g )

TEMPERATURE STY OF LPG ( c m 3 / c m 3 HR)
( ° c ) p = 50 a t g  p = 70 a t g .

260  0 . 0 9  0 . 0 7

280  0 . 4 2  0 . 2 9

300 2 . 2 9  0 . 8 7

320 1 3 . 2 1  7 . 1 1

340 3 7 . 1 7 2 5 . 1 3
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T a b le 4 - 1 6  E f f e c t  
( S p a c e

o f  T e m p e r a t u r e  ๐ ท t h e  STY o f  G a s o l i n e  
V e l o c i t y  = 4 0 0 0  h r  p = 50 and 70 a t g )

TEMPERATURE STY OF GASOLINE (cm 3 / c m 3 HR)
( °C) p = 50 a t g p = 70 a t g

260

280

300

320

1 . 8 1

4 . 9 9

2 0 . 5 1

3 4 . 4 1

1 . 6 2

4 . 3 5

9 . 8 3

3 3 . 8 0

340 4 9 . 8 0 5 1 . 8 0



40

F i g u r e  4 - 1 9  STY o f  LPG v s .  T e m p e r a t u r e  o f  H-Y C a t a l y s t  f o r  
p = 5 0 ,  70 a t g  ; s v .  = 4 0 0 0  h r - 1 TO

T;



F i g u r e  4 - 2 0  STY o f  G a s o l i n e  v s .  T e m p e r a t u r e  o f  H-Y C a t a l y s t  f o r  
p = 5 0 ,  70 a t g  ; s v .  4 0 0 0  h r - 1
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S i m i l a r l y ,  t h e  e f f e c t  o f  p r e s s u r e  e f f e c t

w a s  s l i g h t a t  2 6 0 °  c , 2 8 0 ° c a n d  3 0 0 °  c , b u t  m o r e p r o n o u n c e d

a t  3 2 0 °  c a n d  3 4 0 ° c .  I n t h i s  c a s e , h o w e v e r , g a s o l i n e

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

f r o m  5 0  a t g  t o  7 0  a t g .

i i i )  E f f e c t  o f  P r e s s u r e  o n  STY

F i g u r e  4 - 1 9  s h o w e d  t h a t  t h e  e f f e c t  o f  

p r e s s u r e  o n  t h e  STY o f  LPG w a s  s i m i l a r  t o  t h a t  o n  LPG 

s e l e c t i v i t y .  T h i s  m e a n t  t h a t  t h e  STY o f  LPG w a s  h i g h e r  a t  

5 0  a t g  t h a n  a t  7 0  a t g ,  e s p e c i a l l y  a b o v e  3 2 0 °  c .
As s h o w n  i n  F i g u r e  4 - 2 0  t h e  p r e s s u r e  

e f f e c t  o n  t h e  STY o f  g a s o l i n e  w a s  l e s s  r e m a r k a b l e  e x c e p t  a t  

3 0 0 °  c .
c .  E f f e c t  o f  S p a c e  V e l o c i t y

i )  E f f e c t  o f  S p a c e  v e l o c i t y  on t h e  T o t a l  
C o n v e r s i o n  o f  n - H e x a n e

T h e  e x p e r i m e n t a l  d a t a  o f  R u n s  N o .  7 - 1  

t o  7 - 5  a n d  8 - 1  t o  8 - 5  i n  A p p e n d i x  A w e r e  t a b u l a t e d  i n  T a b l e  

4 — i  7 a n d  p l o t t e d  i n  F i g u r e  4 - 2 1 ,  i n  o r d e r  t o  s e e  t h e  e f f e c t  

o f  s p a c e  v e l o c i t y  ( 4 0 0 0  h r  ^ a n d  2 0 0 0  h r  ^ )  o n  n - h e x a n e  

c o n v e r s i o n .  F i g u r e  4 - 2 1  r e v e a l e d  t h a t  a t  s v  2 0 0 0  h r  ^ m o r e  

n - h e x a n e  w a s  c r a c k e d  t h a n  a t  s v  4 0 0 0  h r  ^ b e c a u s e  o f  t h e  

l o n g e r  c o n t a c t  t i m e .

i i )  E f f e c t  o f  S p a c e  V e l o c i t y  on P r o d u c t
S e l e c t i v i t i e s .
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T a b l e  4 - 1 7  E f f e c t  o f  T e m p e r a t u r e  ๐ท C o n v e r s i o n  f o r  t h e  
H-Y C a t a l y s t  (PRESSURE = 50  a t g )

TEMPERATURE CONVERSION (%)
C C )  s . v .  = 4 0 0 0  h r - 1  ร . พ .  = 2 0 0 0  h r

2 6 0  1 . 2 4  1 9 . 1 6

2 8 0  3 . 5 4  4 3 . 5 2

3 0 0  1 4 . 8 9  4 4 . 8 6

3 2 0  3 1 . 1 7  5 2 . 1 3

3 4 0 5 7 . 0 1 5 7 . 0 7



ท - H e x a n e  C o n v e r s i o n  v s .  T e m p e r a t u r e  o f  H-Y C a t a l y s t
f o r  p = 50  a t g  ; s v .  2 0 0 0 ,  4 0 0 0  h r

F i g u r e  4 - 2 1 105
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F i g u r e  4 - 2 2 ,  w h i c h  w a s  p l o t t e d  u s i n g  t h e  

d a t a  i n  T a b l e  4 - 1 8 ,  s h o w e d  t h a t  a t  t h e  t h r e e  l o w e r  

t e m p e r a t u r e s ,  LPG s e l e c t i v i t y  w a s  h i g h e r  a t  s v  2 0 0 0  h r  ^ 

t h a n  a t  4 0 0 0  h r - ^ .  T h e  t r e n d ,  h o w e v e r ,  w a s  r e v e r s e d  a t  

3 2 0 °  c  a n d  3 4 0 °  c .
F i g u r e  4 - 2 3 ,  w h i c h  w a s  b a s e d  o n  T a b l e  

4 - 1 9 ,  s h o w e d  t h a t  g a s o l i n e  s e l e c t i v i t y  w a s  h i g h e r  a t  s v  
4 0 0 0  h r - 1  t h a n  a t  2 0 0 0  h r - '1' a t  t h e  t h r e e  l o w e r  t e m p e r a t u r e s  

( 2 6 0 °  c ,  2 8 0 °  c  a n d  3 0 0 °  c ) .  T h e  r e v e r s e  w a s  h o w e v e r t r u e  a t  

3 2 0 °  c  a n d  3 4 0 °  c .
By t h e  w a y ,  F i g u r e  4 - 2 4  s h o w e d  t h e  

p r o d u c t  d i s t r i b u t i o n  a t  s v  2 0 0 0  h r  ^ a n d  p r e s s u r e  5 0  a t g .  

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

r o s e ,  e s p e c i a l l y  p r o p a n e ,  b u t  g a s o l i n e  w a s  l e s s  p r o d u c e d  

w i t h  t e m p e r a t u r e .

d .  D e a c t i v a t i o n  o f  t h e  H - Y  C a t a l y s t

As  i n  t h e  c a s e  o f  t h e  H - m o r d e n i t e  c a t a l y s t  

t h e  p e r f o r m a n c e  o f  t h e  f r e s h  a n d  u s e d  H- Y c a t a l y s t  w a s  

c o m p a r e d  b y  r e p e a t i n g  t h e  e x p e r i m e n t s  u n d e r  t h e  s a m e  

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

w e r e  s h o w n  i n  T a b l e  4 - 2 0  a s  w e l l  a s  F i g u r e  4 - 2 5 .  T h e  

c o n v e r s i o n  d i f f e r e n c e  b e t w e e n  f r e s h  a n d  u s e d  H - Y  c a t a l y s t  

w a s  g r a p h i c a l l y  s h o w n  i n  F i g u r e  4 - 2 5 ,  w h i c h  i l l u m i n a t e d  t h a t  

t h e  H- Y u s e d  c a t a l y s t  g a v e  t w o  t i m e s  l e s s  t h a n  t h e  f r e s h  

o n e .  A n d  s o  w e r e  t h e  c o m p a r i s o n  o f  LPG s e l e c t i v i t y  a n d  STY
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T a b l e  4 - 1 8  E f f e c t  o f  S p a c e  V e l o c i t y  on LPG S e l e c t i v i t y  f o r
t h e  H-Y C a t a l y s t  (PRESSURE II U1 o a t g )

TEMPERATURE 
( °C)

LPG
s . v .  = 4 0 0 0

SELECTIVITY 
h r - 1  S . V .

( % )

= 2 0 0 0  h r

260 4 . 5 8 1 8 . 8 4

280 7 . 7 7 1 5 . 9 7

300 1 0 . 0 0 1 7 . 2 0

320 2 7 . 5 7 2 5 . 2 2

340 4 2 . 4 1 3 5 . 3 5



Figure 4-22 LPG Selectivity vs. Temperature of H-Y Catalyst for

p = 50 atg ; sv. 2000, 4000 hr-1
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T a b l e  4 - 1 9  E f f e c t  o f  S p a c e  V e l o c i t y  on G a s o l i n e  S e l e c t i v i t y  
f o r  t h e  H-Y C a t a l y s t  (PRESSURE = 50 a t g )

TEMP E RAT URE  G A S O L I N E  S E L E C T I V I T Y  (%)

( ° c )  S . v .  = 4 0 0 0  h r - 1  s . v .  = 2 0 0 0  h r - 1

260  9 5 . 4 2  8 1 . 0 9

280  9 1 . 7 1  8 3 . 8 9

300  8 9 . 6 0  8 2 . 5 8

320  7 1 . 8 3  7 4 . 3 9

340 5 6 . 8 3 6 4 . 0 4
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Figure 4-23 Gasoline Selectivity vs. Temperature of H-Y Catalyst for

p = 50 atg ; sv. = 2000, 4000 hr-1 110



F i g u r e  4 - 2 4  P r o d u c t  D i s t r i b u t i o n  ฟ้'ร. T e m p e r a t u r e  o f  H-Y C a t a l y s t  f o r  
p = 50 a t g  ; s v .  = 2 0 0 0  h r - 1



Table 4-20 Comparison between Fresh and Used H-Y Catalyst

E x p e r i m e n t a l  C o n d i t i o n s  ะ
P r e s s u r e = 50 a t g
s v 4 00 0 h r - 1

T E M P E R A T U R E C O N V E R S I O N  ( % ) S E L E C T I V I T Y  {%) S T Y  ( c m ^ / c m ^ h r )

Cc) F R E S H U S E D L P G  G A S O L I N E L P G  G A S O L I N E

C A T A L Y S T C A T A L Y S T F R E S H  . U S E D  F R E S H  U S E D F R E S H  U S E D  F R E S H  U S E D

260 1 .  2*1 - 0 5 8 9 5 . 0 - C . 0 9 1 . 8 1 -

280 3 - 5*t - 7 . 7 7 9 0 7 1 0 . 0 0 9 9 -

300 1 0 8 9 5 . 5 0 1 0 . 0 0 7 . 0 2  8 9 . 6 0 9 2 . 0 2 . 2 9 C . 8 1 2 0 . 5 1 1 0 . 6 7

320 3 1 . 1 7 - 2 7 . 5 7 7 1 . 8 3 - 1 3 . 2 1 3 0 0 -

3<t0 5 7 . 0 1 3 0 . 1 2 0 . 0 1 9 . 2 6  5 6 . 8 3 8 0 . 0 8 3 7 . 1 7 1 2 . 7 1 0 . 8 0 5 0 . 6 1
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Figure 4-25 n-Hexane Conversion vs. Temperature of H-Y Catalyst for

p = 50 atg ; sv. = 4000 hr- "*- (Comparison between Fresh

and U s e d )

113



114

o f  LPG b e t w e e n  f r e s h  and u s e d  H-Y c a t a l y s t .  But  t h e  g a s o l i n e  
s e l e c t i v i t y  and STY o f  g a s o l i n e  f o r  f r e s h  c a t a l y s t  w e r e  l e s s  
t h a n  t h e  u s e d  o n e .  The p r o d u c t  d i s t r i b u t i o n  was  p l o t t e d  t o  
s e e  w h i c h  p r o d u c t s  w e r e  p r o d u c e d  and t h e  c h a n g e  o f  p r o d u c t s  
when t e m p e r a t u r e  was  r a i s e d .  F i g u r e  4 - 2 6 ,  t h e  p r o d u c t  
d i s t r i b u t i o n  o f  u s e d  c a t a l y s t  a t  3 00 °  c  and 3 40 °  c ,  s h ow e d  
t h a t  p r o p a n e  was  more  p r o d u c e d  a t  3 4 0 °  c  w h i c h  i s  t h e  same  
d i r e c t i o n  a s  t h e  f r e s h  c a t a l y s t .

4 . 3  COMPARISON BETWEEN H-MORDENITE AND H-Y CATALYSTS 
The p r e s e n t  i n v e s t i g a t i o n  s h ow e d  t h a t  

q u a l i t a t i v e l y  b o t h  t h e  H - m o r d e n i t e  and H-Y c a t a l y s t s  e x e r t e d  
s i m i l a r  e f f e c t s  o f  t e m p e r a t u r e ,  p r e s s u r e  and s p a c e  v e l o c i t y ,  
r e s p e c t i v e l y ,  on  t h e  t o t a l  c o n v e r s i o n  o f  n - h e x a n e ,  p r o d u c t  
s e l e c t i v i t i e s  and STY o f  LPG and g a s o l i n e .  A more d e t a i l e d  
c o m p a r i s o n  now f o l l o w e d .

a .  C o m p a r i s o n  o f  T e m p e r a t u r e  E f f e c t
The e x p e r i m e n t a l  r e s u l t s  f rom Runs N o . 2 - 1  t o  

2 - 5 ,  Runs N o . 7 - 1  t o  7 - 5 ,  Runs N o . 3 - 1  t o  3 - 5  and Runs N o . 8 - 1  
t o  8 - 5  i n  A p p e n d i x  A w e r e  r e o r g a n i z e d  and t a b u l a t e d  i n  T a b l e  
4 - 2 1  t o  T a b l e  4 - 2 3  and t h e n  shown g r a p h i c a l l y  i n  F i g u r e  4 - 2 7  
and F i g u r e  4 - 2 8  t o  c o m p a r e  t h e i r  t e m p e r a t u r e  e f f e c t s  on t h e  
t o t a l  c o n v e r s i o n  o f  n - h e x a n e .

T a b l e  4 - 2 1  showed t h a t  a t  t h e  same  
t e m p e r a t u r e ,  t h e  H - m o r d e n i t e  c a t a l y s t  g a v e  a s i g n i f i c a n t l y
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F i g u r e  4 - 2 7  n - H e x a n e  C o n v e r s i o n  v s .  T e m p e r a t u r e  f o r  p = 50 a t g  ;
s v .  = 4 0 0 0  hr  ( C o m p a r i s o n  b e t w e e n  Two C a t a l y s t s )
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1 0 0

F i g u r e  4 - 2 8  n - H e x a n e  C o n v e r s i o n  v s .  T e m p e r a t u r e  f o r  p = 50 a t g  ;
s v .  ะ= 2 0 0 0  h r - '*' ( C o m p a r i s o n  b e t w e e n  Two C a t a l y s t s )
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T a b l e  4 - 2 1  C o m p a r i s o n  o f  T e m p e r a t u r e  E f f e c t  b e t w e e n  H - M o r d e n i t e  and
H-y C a t a l y s t  (PRESSURE = 50 a t g )

TEMPERATURE CONVERSION ( % )

( °C) s v  = 4 00 0  
H-MORDENITE

h r - 1

H-Y
SV. = 2 00 0  

H-MORDENITE
h r - 1

H-Y

260 5 . 6 1 1 . 2 4 3 . 7 9 1 9 . 1 6

280 2 7 . 5 6 3 . 5 4 5 4 . 8 2 4 3 . 5 2

300 7 9 . 6 8 1 4 . 8 9 8 8 . 0 4 4 4 . 8 6

320 9 7 . 0 3 3 1 . 1 7 9 7 . 0 4 5 2 . 1 3

340 9 8 . 9 0 5 7 . 0 1 9 9 . 2 8 5 7 . 0 7

CO
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h i g h e r  c o n v e r s i o n  o f  n - h e x a n e  t h a n  t h e  H-Y c a t a l y s t ,  e v e n  
t h o u g h  t h e  e f f e c t  o f  t e m p e r a t u r e  on n - h e x a n e  c o n v e r s i o n  
s h o w e d  t h e  same i n c r e a s i n g  t r e n d .  Here  t h e  p r e s s u r e  was  50  
a t g  and s v  4 0 0 0  hr

As s e e n  f r o m T a b l e  4 - 2 2 ,  t h e  H - m o r d e n i t e  
c a t a l y s t  had a h i g h e r  LPG s e l e c t i v i t y  t h a n  t h e  H-Y c a t a l y s t ,  
e s p e c i a l l y  a t  320  and 3 4 0 °  c .  The same c o n d i t i o n s  w e r e  
o b t a i n e d  a t  s p a c e  v e l o c i t y  4 0 0 0  hr  and 2 0 0 0  h r ~ ^ , and 50 
a t g .

On t h e  o t h e r  hand T a b l e  4 - 2 3  s h o w e d  t h a t  
t h e  H-Y c a t a l y s t  was  more s u i t a b l e  f o r  g a s o l i n e  p r o d u c t i o n  
i n  t e r m s  o f  h i g h  o c t a n e  o f  g a s o l i n e .



T a b l e  4 - 2 2  C o m p a r i s o n  on S e l e c t i v i t y  f o r  LPG B e t w e e n  H - M o r d e n i t e  and  
H-Y C a t a l y s t

OPERATING PRESSURE = 50 a t g

TEMPERATURE 
( "Cl

LPG SELECTIVITY 
s . v .  = 4 0 0 0  hr - 1

(%)
S . V .  = 2 0 0 0 h r ' 1

H-MORDENITE H-Y H-MORDENITE H-Y

260 6 . 2 2 4 . 5 8 6 2 . 6 2 1 8 . 8 4

280 1 1 . 6 0 7 . 7 7 5 4 . 8 5 1 5 . 9 7

300 6 7 . 3 5 1 0 . 0 0 5 5 . 2 0 1 7 . 2 0

320 8 1 . 4 8 2 7 . 5 7 8 8 . 3 2 2 5 . 2 2

340 8 9 . 7 9 4 2 . 4 1 9 3 . 4 6 3 5 . 3 5
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T a b l e  4 —23 C o m p a r i s o n  o f  G a s o l i n e  P r o d u c t  b e t w e e n  H - M o r d e n i t e  and
H-Y Type

OPERATING PRESSURE = 50 a t g

TEMPERATURE GASOLINE SELECTIVITY (%)
C C ) ร . พ .  =  4 0 0 0  

H-MORDENITE
h r - 1

H-Y
s . v .  = 2 0 0 0

H-MORDENITE
h r - 1

H-Y

260 9 2 . 8 6 9 5 . 4 2 3 5 . 2 8 8 1 . 0 9

280 8 7 . 0 6 9 1 . 7 1 4 4 . 0 8 8 3 . 8 9

300 4 1 . 2 6 8 9 . 6 0 33 .'84 8 2 . 5 8

320 1 5 . 6 3 7 1 . 8 3 8 . 1 3 7 4 . 3 9

340 6 . 1 5 5 6 . 8 3 1 . 3 1 6 4 . 0 4
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