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ABSTRACT

L i b y a n  h e a v y  c r u d e  o i l s  f r om Amal f i e l d  and Fa r e  gh 

f i e l d  we r e  v i s b r o k e n  a t  a p r e s s u r e  o f  200 p s i  i n  a t u b u ­

l a r  r e a c t o r .  The r e a c t i o n  v a r i a b l e s  we r e  s t u d i e d  i n  t h e  

r a n g e s  f r om 650 °F t o  850 °F and f r om 1 . 7  m i n u t e  t o  6 . 5  

m i n u t e  r e s i d e n c e  t i m e .  Wa t e r  was i n j e c t e d  w i t h  a w e i g h t  

r a t i o  t o  f e e d  o f  0 . 0 2 5  a t  a r e s i d e n c e  t i m e  o f  1 . 7  mi n u t e  

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

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

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

The r e s u l t s  f o r  ga s  a n a l y s i s  we r e  c o r r e l a t e d  w i t h  t h e  

s e v e r i t y  f a c t o r  wh i c h  c o mb i n e d  t h e  e f f e c t s  o f  t h e  r e a c t i o n  

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

i n  i n c r e a s e s  i n  c o n v e r s i o n  by w e i g h t  t o  b o t h  s o l i d  and 

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

h y d r o g e n  and me t h a n e  y i e l d s .  The t o t a l  r e d u c t i o n  i n  v i s ­

c o s i t y  f o r  Amal c r u d e  o i l  i s  1 7 . 0 9  s a y b o l t  u n i v e r s a l  

s e c o n d s  a t  a r e a c t i o n  t e m p e r a t u r e  650 °F and 6 5 . 1 9  SUS a t  

85 0 °F f r om o r i g i n a l  v i s c o s i t y  o f  9 0 . 2  SUS a t  100 ° F .

Fo r  Fa r e  gh c r u d e  o i l ,  t h e  t o t a l  r e d u c t i o n  i s  a b o u t  5 0 . 9 5  

s a y b o l t  u n i v e r s a l  s e c o n d s  a t  65 0 °F and 6 4 . 8 0  SUS a t  

850 °F f r om o r i g i n a l  v i s c o s i t y  8 9 . 3  SUS a t  100 ° F .  The 

r e d u c t i o n  i n  p o u r  p o i n t  f o r  b o t h  Amal and F a r e g h  a r e

i i i
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1 9 . 5  0 F and 25 ° F ,  r e s p e c t i v e l y  f o r  o r i g i n a l  p o u r  p o i n t  

o f  6 7 . 5  °F and 75 ° F .
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INTRODUCTION

V i s b r e a k i n g  i s  a f o r m o f  t h e r m a l  c r a c k i n g  t h a t  was  

c o n s i d e r e d  o b s o l e t e  i n  t h e  U n i t e d  S t a t e s  u n t i l  a f ew 

y e a r s  a g o . The  p r o c e s s  now i s  b e i n g  r e v i v e d  b e c a u s e  i t  

o f f e r s  e c o n o mi c  a d v a n t a g e s  t o  many r e f i n i n g  s c h e me s  ( 1 ) .

I t  i s  a m a j o r  o b j e c t i v e  f o r  t h e  o i l  r e f i n e r  t o  p r o d u c e  

f r o m No.  6 f u e l  o i l  a s  much g a s  o i l  a s  p o s s i b l e  and s t i l l  

m a i n t a i n  p r o p e r  v i s c o s i t y  s p e c i f i c a t i o n  ( 2 ) .

To u n d e r s t a n d  t h e  v i s b r e a k i n g  p r o c e s s  and i t s  l i m i ­

t a t i o n s ,  a f ew wo r d s  can  be s a i d  a b o u t  t h e  s t r u c t u r e  o f  a 

t y p i c a l  p e t r o l e u m  r e s i d u e  a nd  i t s  t r a n s f o r m a t i o n  d u r i n g  

v i s b r e a k i n g  ( 3 ) .

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

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

t h e s e  a r e  : o i l s ,  r e s i n s ,  a n d  a s p h a l t e n e s . The r e s i n s  a r e

t h o u g h t  o f  a s  v e r y  h i g h  m o l e c u l a r  c omp o u n d s  wh i c h  c a n  be 

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

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

s o l u t i o n  i n  wh i c h  t h e  a s p h a l t e n e s  a r e  h e l d  i n  a c o l l o i d a l  

s u s p e n s i o n  i n  t h e  o i l  p h a s e  w i t h  t h e  r e s i n s  and a r o m a t i c  

h y d r o c a r b o n s  a c t i n g  a s  p e p t i z i n g  a g e n t s .  The  a s p h a l t e n e s  

a r e  h i g h  m o l e c u l a r  w e i g h t  c o mp o u n d s  h e l d  t o g e t h e r  by p h y s i ­

c a l  f o r c e s  a nd  t h e y  c a n  be p r e c i p i t a t e d  f r o m a r e s i d u e  by 

p a r a f f i n i c  s o l v e n t s .
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D u r i n g  t h e  t h e r m a l  p r o c e s s  o f  v i s b r e a k i n g ,  t wo p r o ­

c e s s e s  t a k e  p l a c e .  The h y d r o c a r b o n s  a r e  p a r t l y  c r a c k e d ,  

p r o d u c i n g  l i g h t e r  p r o d u c t s  wh i c h  a r e  d i s t i l l e d  and  a t  t h e  

same t i m e  c a r b o i d s  and  c o k e  a r e  f o r me d  t h r o u g h  p o l y m e r i ­

z a t i o n ,  c o n d e n s a t i o n ,  d e h y d r o g e n a t i o n  a nd  d e a l k y l a t i o n  

r e a c t i o n s .  T h e s e  c a r b o i d s  a nd  c oke  a s  we l l  a s  t h e  a s p h a l - 

t e n e s  c o n t i n u e  t o  be h e l d  i n  a s t a b l e  c o l l o i d a l  s o l u t i o n  

o r  s u s p e n s i o n  up t o  a c e r t a i n  l i m i t  o f  c o n v e r s i o n .  P a s t  

t h i s  l i m i t  t h e y  t e n d  t o  s e p a r a t e  a nd  t o  f o r m d e p o s i t s  

e i t h e r  i n  s t o r a g e  o r  i n  t h e  e q u i p m e n t  u s e d  f o r  h e a t i n g  

and  b u r n i n g  t h e  r e s i d u a l  i t s e l f .

Two ma i n  o b j e c t i v e s  c a n  be i d e n t i f i e d  when t h e  v i s ­

b r e a k i n g  p r o c e s s  i s  c o n s i d e r e d ,  t h e s e  o b j e c t i v e s  a r e :  

r e d u c t i o n  o f  f u e l  o i l  p r o d u c t i o n  and r e d u c t i o n  o f  f u e l  o i l  

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

p o i n t  by i n c l u d i n g  a m i l d  t h e r m a l  c r a c k i n g  s t e p  ( 3 ) .

T h e r e  a r e  s e v e r a l  m e t h o d s  o f  r e a l i z i n g  t h e s e  o b j e c ­

t i v e s .  F i r s t ,  o n e  may c a r r y  o u t  a c a t a l y t i c  h y d r o d e s u l -  

f u r i z a t i o n  o p e r a t i o n  and p r o d u c e  an e n t i r e l y  d i s t i l l a t e  

p r o d u c t .  A s e c o n d  me t h o d  o f  p r o c e s s i n g  h e a v y  r e s i d u e  i s  

t h a t  o f  c o k i n g .  T h i s  r o u t e  i s  e f f e c t i v e  i n  e l i m i n a t i n g  t h e  

b l e n d i n g  o f  d i s t i l l a t e  c u t t e r  s t o c k s  i n  r e s i d u a l s ,  b u t  h e r e  

one  mu s t  s u b s t i t u t e  c o k e  f o r  r e s i d u a l  f u e l  as  a p r o d u c t  i n  

t h e  m a r k e t i n g  p r o g r a m ( 2 ) .
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Few s t u d i e s  o f  t h e  v i s b r e a k i n g  p r o c e s s  h a v e  b e e n  done  

f o r  h e a v y  c r u d e  o i l .  The l a t e s t  s t u d y  by F r a n k  S t o l f a  ( 4 )  

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

o i l  by a b o u t  20 p e r c e n t .  A p p r o x i m a t e l y  10 p e r c e n t  o f  t h e  

c h a r g e  was c o n v e r t e d  t o  g a s - p l u s  g a s o l i n e  a nd  t h e  r e d u c ­

t i o n  i n  v i s c o s i t y  and p o u r  p o i n t ,  wh i c h  d e c r e a s e d  t h e  

r e q u i r e m e n t  f o r  c u t t e r  s t o c k ,  a c c o u n t e d  f o r  t h e  o t h e r  10 

p e r c e n t . The  c o m b i n a t i o n  p r o c e s s  v i s b r e a k i n g  p l u s - g a s  o i l  

c r a c k i n g  f o r  p o u r  p o i n t  r e d u c t i o n  was  d e v e l o p e d  i n  t h e  

e a r l y  1960 ' s p r i m a r i l y  f o r  N o r t h  A f r i c a  waxy c r u d e s .

The  o b j e c t i v e  o f  t h i s  f i r s t  t r i a l  o f  o v e r a l l  r e s e a r c h  

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

on v i s b r e a k i n g  p r o c e s s e s  w i t h  a m a j o r  g o a l  o f  r e d u c i n g  t h e  

v i s c o s i t y  and p o u r  p o i n t .

I t  ha s  be e n  p o s t u l a t e d  a nd  g e n e r a l l y  a c c e p t e d , b u t  

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

i n  o i l s  e x i s t  i n  a c o l l o i d a l  s t a t e .  A c c e p t a n c e  o f  t h i s  

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

c h e m i s t r y ,  a nd  i n  a d d i t i o n ,  s a t i s f a c t o r i l y  e x p l a i n e d  t h e  

me c h a n i s m o f  i n s t a b i l i t y  o f  t h e  v i s b r o k e n  p r o d u c t  ( 1 1 ) .

Ka t z  and  Ben ( 1 2 )  e x a mi n e d  t h i n  f i l m s  o f  a s p h a l t  w i t h  

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

M i c r o g r a p h s  o b t a i n e d  a t  1 5 6 , 0 0 0  d i a m e t e r s  i n d i c a t e d  t h a t  

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

l e s s  t h a n  65A i n  d i a m e t e r .
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From u n p u b l i s h e d  d a t a  and  an e x c e l l e n t  a r t i c l e  by 

B e n t h e a , G o l d t h w a i t ,  a nd  O f f u t t  ( 1 8 ) ,  c o r r e l a t i o n s  h â ve  

be en  d e v e l o p e d  t o  p r e d i c t  v i s b r e a k i n g  y i e l d s  and  p r o d u c t  

q u a l i t y  when o p e r a t i n g  a t  op t i mu m v i s b r e a k i n g  c o n d i t i o n s .  

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

p r o d u c t i o n  o f  r e s i d u a l  f u e l  o i l ,  t h e s e  c o r r e l a t i o n s  we r e  

d e v e l o p e d  on t h e  f o l l o w i n g  b a s e s  :

- The  c o r r e l a t i o n s  a r e  v a l i d  f o r  vacuum r e s i d u u m  v i s b r e a k e r  

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

n o t  r e s u l t  i n  m i n i m i z i n g  r e s i d u a l  f u e l  o i l  y i e l d .

- The v i s b r e a k i n g  r e a c t i o n  i s  c a r r i e d  o u t  a t  maximum s e v e r i t y  

a s  l i m i t e d  by f u e l  o i l  t h e r m a l  s t a b i l i t y  r e q u i r e m e n t s  f o r  

Navy S p e c i a l  Fue l  o i l .  Fo r  w e l l - d e s i g n e d  v i s b r e a k i n g  f u r ­

n a c e s ,  t h i s  s e v e r i t y  w i l l  be w i t h i n  t h e  o p e r a t i n g  l i m i t  

d i c t a t e d  by e x c e s s i v e  f u r n a c e  c o k i n g .

V i s b r e a k i n g ,  l i k e  t h e r m a l  c r a c k i n g ,  i s  a f i r s t - o r d e r  

r e a c t i o n .  V i s b r e a k i n g  o p e r a t i n g  c o n d i t i o n s  r a r e l y  a p p r o a c h  

t h e  s e v e r i t y  r e q u i r e d  t o  g i v e  t h e  s e c o n d a r y  r e a c t i o n s  o f  

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

i s  due  t o  t h e  v i s b r e a k i n g  s e v e r i t y  l i m i t  i mp o s e d  by t h e  

f u e l  o i l  s t a b i l i t y  r e q u i r e m e n t s .
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PREVIOUS STUDIES

The P h i l l i p s  P e t r o l e u m  Company ( 7 )  ha s  r e c e n t l y  

p l a c e d  i n  o p e r a t i o n  a h i g h  vacuum u n i t ,  o p e r a t i n g  i n  t h e  

r a n g e  o f  100 m i c r o n s  ( 0 . 1  mmHg) t o  800 m i c r o n s  ( 0 . 8  mmHg) 

w i t h  e n c o u r a g i n g  r e s u l t s .  Hi gh y i e l d s  o f  g a s  o i l  h a v e  be en  

p r o d u c e d  f r om f e e d  s t o c k s  h a v i n g  12% t o  z e r o  o f  m a t e r i a l  

b o i l i n g  b e l o w 1000 ° F .  The  a p p l i c a t i o n  o f  h i g h  vacuum t o  

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

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

The  o b v i o u s  s o l u t i o n  o f  b l e n d i n g  b a c k  t h e  r e s i d u u m  w i t h  

l ow v i s c o s i t y  o i l  t o  f u e l  o i l  s p e c i f i c a t i o n s  may n o t  be t h e  

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

t o  f u e l  o i l  l e v e l  b u t  r e q u i r e s  s e l e c t i n g  c u t  b a c k  s t o c k s  

and b l e n d i n g  t e c h n i q u e s  wh i c h  w i l l  a v o i d  s e t t l i n g  o f  t h e  

b l e n d  f r o m l a c k  o f  c o m p a t i b i l i t y  o f  t h e  s t o c k s . But  by 

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

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

o b t a i n e d  by c u t t i n g  b a c k  t h e  r e s i d u u m  t o  f u e l  o i l  s p e c i f i ­

c a t i o n s .

A p i l o t  p l a n t  t r i a l  was  made t o  i n v e s t i g a t e  v i s b r e a k ­

i n g  a c r a c k e d  r e s i d u u m .  The  c h a r g e  was  a vacuum r e d u c e d  

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

h a n d l e  r e d u c e d  c r u d e . F i r s t  a t t e m p t s  a t  v i s b r e a k i n g  we r e  

u n s u c c e s s f u l  due  t o  c o i l  c o k i n g .  Ho we v e r ,  by u s i n g  a s ma l l



T - 2 6 0 8 6

c o i l  a nd  c o l d  o i l  v e l o c i t i e s  o f  2 f t  p e r  s e c . ,  c o n v e r s i o n  

o f  47 LV % o f  t h e  c h a r g e  t o  900 °F a nd  l i g h t e r  was  o b t a i n e d .

I n a c o mme r c i a l  v i s b r e a k i n g  o p e r a t i o n ( 7 ) ,  t h e  h i g h  

vacuum u n i t  r e s i d u u m ,  r e p r e s e n t i n g  a p p r o x i m a t e l y  13 IV % 

o f  t h e  c r u d e , was c h a r g e d  t o  t h e  v i s b r e a k e r  f u r n a c e  t h r o u g h  

a s ma l l  s u r g e  t a n k .  Then t h e  f u r n a c e  o u t l e t  was  q u e n c h e d  

i m m e d i a t e l y  w i t h  g a s  o i l  a nd  c h a r g e d  t o  a f l a s h  d r um.  The  

a mo u n t  f l a s h e d  was  c o n t r o l l e d  by t h e  p r e s s u r e  on t h e  f l a s h  

dr um a nd  by g a s  o i l  o r  s t e a m  i n j e c t i o n  a h e a d  o f  f l a s h  d r u m . 

The  h e a v y  r e s i d u u m  made was  s e n t  t o  s t o r a g e  o f f  t h e  f l a s h  

dr um b o t t o m a nd  t h e  o v e r h e a d  v a p o r s  we r e  c h a r g e d  t o  t h e  

b u b b l e  t o w e r .  The  g a s  o i l  was  c o o l e d  and  a p o r t i o n  r e c y ­

c l e d  t o  t h e  f u r n a c e  o u t l e t  as  q u e n c h e d  o i l  w i t h  t h e  r e m a i n ­

d e r  g o i n g  t o  s t o r a g e .

The  d e s c r i p t i o n  by Lummus Company ( 8 )  s t a t e s ,  t h a t  t h e

p o u r  p o i n t s  o f  r e d u c e d  o i l s  ( 7 0 - 1 0 0 ° F ) a r e .  r e d u c e d  by 

2 0 - 2 5  °F by v i s b r e a k i n g .  Th e y  a l s o  s t a t e d  t h a t  t h e  p o u r  

p o i n t s  o f  waxy va cuum t o w e r  d i s t i l l a t e s  a r e  r e d u c e d  4 0 - 5 0  °F 

by v i s b r e a k i n g .

In o n e  o f  t h e  We s t e r n  P e t r o l e u m  R e f i n e r ' s  A s s o c i a t i o n  

p a n e l  d i s c u s s i o n s ,  F i s c h b e c k  s t a t e d  t h a t  m i l d  c r a c k i n g  ( v i s ­

b r e a k i n g )  r e d u c e d  t h e  p o u r  p o i n t  by 2 0 - 3 0  ° F .  In t h i s  c a s e  

t h e  g a s  o i l  had b e e n  r e mo v e d  a nd  t h i s  i n d i c a t e d  t h a t  v i s ­

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

h i g h e r  s e v e r i t i e s .

Two s a m p l e s  o f  E a s t  T e x a s  r e d u c e d  c r u d e  ( 1 0 5 - 1 1 0  °F 

p o u r  p o i n t )  we r e  s u b j e c t e d  t o  v i s b r e a k i n g  w i t h  r e s u l t s  a s  

f o l l o w i n g :
V i s c o s i t y  

API SSF a t  122 °F Po u r

No.  1 1 1 . 6  228 50 F°

No.  2 9 . 5  380 60 F°

a nd  t wo t e s t s  o f  a 20 vo l  % Kuwa i t  r e s i d u e  ( 1 0 0  °F p o u r )

y i e l d e d  f u e l  o i l s  by v i s b r e a k i n g  wh i c h  had p o u r  p o i n t s  o f

55 a nd  65 ° F .  So mo s t  g e n e r a l l y  i t  s eems  t h a t  a r e d u c t i o n

i n  p o u r  p o i n t  o f  a t  l e a s t  2 0 - 3 0  °F i s  p o s s i b l e  by v i s b r e a k i n g .

Be n t  h e r , G o l d t h w a i t ,  a nd  O f f u t t  ( 1 4 )  d i s c u s s  i n  d e t a i l  

t h e  e f f e c t  o f  d e g r e e  o f  v i s b r e a k i n g  on t h e  s t a b i l i t y  o f  

v i s b r e a k e r  f u e l  o i l s .  The y  f o u n d  t h a t  t h e  s t a b i l i t y  i s  a 

f u n c t i o n  o f  t h e  a moun t  o f  n - p e n t a n e  i n s o l u b l e s  and Ri ng 

a nd  Ba l l  s o f t e n i n g  p o i n t .  I f  t h e s e  p r o p e r t i e s  a r e  l o w,  

t h e  s t o c k  c o n t a i n s  mor e  o i l ,  and l e s s  a s p h a l t e n e s ,  and  i t  

i s  a good  f e e d s t o c k .

Du r i n g  v i s b r e a k i n g ,  t h e  h e a v y  o i l  c r a c k s  i n t o  l o w e r -  

v i s c o s i t y ,  l o w e r - b o i l i n g  o i l s .  Mos t  a p p r o x i m a t e l y ,  a 

n - p e n t a n e  i n s o l u b l e  r e a c t i o n  o f  l e s s  t h a n  14% i n  t h e  f e e d  

m a t e r i a l  i s  c o n s i d e r e d  a s  g o o d . G r a v i t y  a l o n e  i s  n o t  

d i r e c t l y  r e l a t e d  t o  t h e  s u i t a b i l i t y  o f  f e e d s t o c k  f o r  v i s -  

b r e a k i n g .



T - 2 6 0 8 8

M o d e r a t e  v i s b r e a k i n g  d e c r e a s e s  t h e  b o i l i n g  r a n g e  o f  

a 900 °F s t r a i g h t - r u n  r e s i d u e  t o  a 50% t e m p e r a t u r e  o f  8 5 0 -  

900 °F.  Vacuum f.T.as hi  ng o f  s u c h  v i s b r e a k e r  p r o d u c t  a t  a p r e s ­

s u r e  o f  3 0 - 3 5  mmHg w i l l  c a u s e  t h e  v a p o r i z a t i o n  o f  a b o u t  

5 0 - 6 0 %,  o f  wh i c h  5- 10% i s  g a s o l i n e  and t h e  r e s t ,  v i s b r e a k e r  

g a s  o i l  b o i l i n g  up t o  a b o u t  900 ° F .  S e v e r a l  a n a l y t i c a l  

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

f u e l -  T h e s e  a r e  ( 3 ) :

-  S e d i m e n t

- Navy b o i l e r  and  t u  r p i  ne l a b o r a t o r y  t e s t s

- Hot  f i l t r a t i o n  t e s t

- S h e l l  f i l t r a t i o n  t e s t

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

s t a b i l i t y  o f  t h e  v i s b r e a k e r  r e s i d u e ,  t h e y  a r e  n o t  e q u i v a ­

l e n t .  Some o f  t h e s e  a r e  o n l y  q u a l i t a t i v e  m e a s u r e s  o f  t h i s  

s t a b i l i t y .

In 1960 t h e  c o m b i n a t i o n  p r o c e s s  vi  s b r e a k i n g  p l u s - g a s  

o i l  c r a c k i n g  f o r  p o u r  p o i n t  r e d u c t i o n  was d e v e l o p e d  f o r  

N o r t h  A f r i c a  waxy c r u d e s . In t h i s  p r o c e s s  a waxy r e d u c e d  

c r u d e  we r e  c h a r g e d  t o  a v i s b r e a k i n g  c o i l  ( 4 )  and t h e  e f f l u e n t  

f r o m t h e  c o i l  was  f r a c t i o n a t e d .  In a d d i t i o n  t o  g a s  p l u s  

g a s o l i n e ,  a l i g h t  d i s t i l l a t e  was  r e c o v e r e d .  The  r e s i d u e  

was va cuum f l a s h e d  a nd  t h e  r e c o v e r e d  v i s b r o k e n  vacuum g a s  

o i l  was  t h e r m a l  c r a c k e d  i n  a s e c o n d  c o i l  t o  l i g h t
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d i s t i l l a t e  and t h e r m a l  t a r . The  l i g h t  d i s t i l l a t e ,  t h e r m a l  

t a r  and  t h e r m a l  vacuum r e s i d u e  we r e  t h e n  b l e n d e d  t o  l ow 

p o u r  p o i n t  f u e l  o i l  s p e c i f i c a t i o n  ( 4 ) .

Du r i n g  t h e  p a s t  20 y e a r s ,  Lummus ha s  b u i l t  s e v e r a l  

u n i t s  f o r  i m p r o v i n g  v i s c o s i t y  and  p o u r  p o i n t  ( 3 ) .  Al l  

t h e s e  u n i t s  had t wo h e a t e r s , o n e  f e d  w i t h  v i r g i n  r e s i d u e  

and  t h e  s e c o n d  w i t h  vacuum g a s  o i l  b o i 1 i n g - r a n g e  m a t e r i a l .  

The  p o u r  p o i n t  r e d u c t i o n  u n i t ,  by v i r t u e  o f  t h e i r  s e l e c ­

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

d i s t i l l a t e s ,  b u t  i t  may be d e b a t a b l e  w h e t h e r  t h e y  r e t a i n  

v i a b i l i t y  i n  v i e w  o f  t o d a y ' s  h i g h  e n e r g y  c o s t s  ( 3 , 4 ) .

V i s c o s i t y  b r e a k i n g  a l s o  may be a c h i e v e d  by i n j e c t i n g  

r e s i d u u m  i n t o  t h e  h o t - c r a c k e d  p r o d u c t  r e s u l t i n g  f r o m n o r ­

mal  c r a c k i n g  o p e r a t i o n s  a t  t h e  p o i n t  wh e r e  t h e s e  p r o d u c t s  

l e a v e  t h e  c r a c k i n g  f u r n a c e . The  q u a n t i t y  o f  h e a t  s u p p l i e d  

i n  t h i s  ma n n e r  t o  t h e  r e s i d u u m  i s  s u f f i c i e n t  t o  o b t a i n  t h e  

d e s i r e d  d e g r e e  o f  c r a c k i n g .  T h i s  me t h o d  o f  r e d u c i n g  v i s ­

c o s i t y  o f  t h e  r e s i d u u m  was r e f e r r e d  t o  a s  t h e  i n j e c t i o n  

f 1ow me t h o d  ( 8 ) .

S h e l l  I n t e r n a t i o n a l  P e t r o l e u m ,  M a a t s c h a p y , The  H a g u e , 

N e t h e r l a n d s  ( 7 )  m a i n t a i n e d  t h a t  t h e  t h e r m a l  c r a c k i n g  r a t e s  

c o n s t a n t  k ha s  t h e  u s u a l  A r r h e n i u s - t y p e  r e l a t i o n s h i p ,

i n  wh i c h  k i s  a c o n s t a n t
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E i s  t h e  e n e r g y  o f  a c t i v a t i o n  

R i s  t h e  g a s  c o n s t a n t  

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

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

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

c r a c k i n g  r a t e s  o f ,  s a y  and  C^q m o l e c u l e s  a t  l o w e r  t e m ­

p e r a t u r e  ( s o a k e r  c r a c k i n g )  t h a n  a t  h i g h  t e m p e r a t u r e s  ( f u r n a c e  

c r a c k i n g ) .

The  f a c t o r  wh i c h  l e a d s  t o  a s e l e c t i v i t y  o f  v i s b r e a k e r  

y i e l d s  i n  f a v o r  o f  g a s  o i l  r a n g e  p r o d u c t s  i n  s o a k e r  c r a c k ­

i n g  i s  t h e  r e s i d e n c e  t i m e  o f  v a p o r  i n  t h e  c r a c k i n g  z o n e . In 

f u r n a c e  c r a c k i n g  t h e  v a p o r  p h a s e  wh i c h  d e v e l o p e s  a l o n g  t h e  

c o i l  and wh i c h  p r e f e r a b l y  s h o u l d  n o t  be c r a c k e d  a n y  f u r t h e r ,  

h a s  a r e s i d e n c e  t i m e  i n  t h e  c r a c k i n g  z o n e  o f  a b o u t  1 / 2  t o  

1 / 5  o f  t h a t  o f  t h e  l i q u i d  p h a s e  wh i c h  c o n t a i n s  t h e  c r a c k ­

i ng  f e e d s t o c k . T a b l e s  1 and  2 show t h e  e s t i m a t i o n  o f  v i s ­

b r e a k i n g  y i e l d s  f r o m l i g h t  A r a b i a n  r e d u c e d  c r u d e , vacuum 

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

P i l o t  p l a n t  o p e r a t i o n s  we r e  s u c c e s s f u l  i n  v i s b r e a k i n g  

h i g h  vacuum t a r  ( 0 . 1  mmHg- 0 . 8mmHg) u s i n g  r a d i a n t  t y p e  h e a t ­

i n g  w i t h  h i g h  u n i f o r m  h e a t  t r a n s f e r  r a t e s  and h i g h  o i l  

v e l o c i t i e s  t h r o u g h  t h e  c o i l .  H i g h e r  c o n v e r s i o n s  and  l e s s  

c o i l  c o k i n g  we r e  p o s s i b l e  a t  c o l d  o i l  v e l o c i t i e s  o f  2 f t  

p e r  s e c o n d  t h a n  0 . 3  f t  p e r  s e c o n d . ( 7 ) .  The  mo s t  s e v e r e
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c r a c k i n g  a t t a i n e d  w i t h o u t  e x c e s s i v e  c o k e  f o r m a t i o n  

c o n v e r t e d  4 8 . 8  LV% o f  c h a r g e  t o  m a t e r i a l  b o i l i n g  b e l o w 

950 ° F .  T h i s  t e m p e r a t u r e  was  c h o s e n  b e c a u s e  950 °F c l o s e l y  

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

P i l o t  p l a n t  and b e n c h  s c a l e  v i s b r e a k i n g  t e s t s  ( 1 2 )  

we r e  r u n  on f o u r  d i f f e r e n t  c h a r g e  s t o c k s .  Two s t o c k s  we r e  

f r o m a p a r a f f i n i c  b a s e  T e x a s  c r u d e .  The t h i r d  r e s i d u u m  

f o r  v i s b r e a k i n g  was f r o m an i n t e r m e d i a t e  b a s e  c r u d e  and 

and  t h e  f o u r t h  f r o m v a c u u m - r e d u c e d  l i g h t  c r u d e .  T a b l e s  

3 a nd  4 show t h e  c o m p a r i s o n s  b e t we e n  p i l o t  p l a n t  and 

b e n c h - s c a l e  y i e l d s  f o r  v i s b r e a k i n g  o f  v a r i o u s  c r u d e  r e s i ­

duums  a nd  t h e  y i e l d s  f o r  d i f f e r e n t  s t o c k s .  T a b l e  3 shows  

t h e  c o m p a r i s o n  b e t w e e n  p i l o t  p l a n t  and c o m m e r c i a l  p l a n t  

v i s b r e a k i n g .

The  Lummus v i s c o s i t y - b r e a k i n g  ( 1 5 )  p r o c e s s  i s  d e s i g n e d  

t o  o p e r a t e  on h i g h  p o u r ,  h i g h  s u l f u r - c o n t e n t  r e d u c e d  c r u d e  

t o  p r o d u c e  mi ni mum y i e l d s  o f  l ow p o u r ,  l ow v i s c o s i t y  f u e l  

o i l  w i t h  maxi mum y i e l d s  o f  1o w - p o u r  c r a c k e d  g a s  o i l .  Two-  

c o i l  v i s b r e a k i n g  u n i t s  h a ve  b e e n  u s e d .  One c o i l  i s  u s e d  

f o r  o n c e  t h r o u g h  v i s b r e a k i n g  o f  t h e  r e d u c e d  c r u d e  and  t h e  

o t h e r  c o i l  f o r  r e c y c l e  c r a c k i n g  o f  t h e  h i g h - p o u r  h e a v y  

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

c o i l s  c a n  be e mp l o y e d  i n  p a r a l l e l  f o r  r e c y c l e  v i s b r e a k i n g  

o p e r a t i o n s .
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TABLE 4 .  PILOT PLANT VISBREAKING OF A VACUUM REDUCED
CRACKED RESIDUUM

O p e r a t i n g  C o n d i t i o n s :

C o i l  i n l e t  Temp.  0 F 540

C o i l  o u t l e t  Temp °F ( c a k e d )

I n l e t  p r e s s u r e  p s i g  182

O u t l e t  p r e s s u r e  p s i g  156

Co l d  o i l  v e l o c i t y  f t / s e c  1 . 9

C h a r g e  S t o c k  :

V % o f  c r u d e  8 . 5

V i s c o s i t y  SFS a t  122 °F 1321

V i s c o s i t y  SFS a t  210  ° F  62

C a r b o n  r e s i d u e  wt% 1 4 . 5

P o u r  p o i n t  °F 70

G r a v i t y  API  1 2 . 5

Vacuum D i s t i l l a t i o n :

IBP 802

5% Cond.  872

10% Cond.  413

20% Cond.  475

30% Cond ,  1015

40% Cond.  1033

50% Cond.  C r a c k e d
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The h i g h - p o u r  p o i n t  waxy v a c u u m - t o w e r  s i  d e s t r e a m  i s  

c h a r g e d  t o  t h e  g a s  o i l  c r a c k i n g  c o i l  w h e r e  i t s  p o u r  p o i n t  

i s  r e d u c e d  by 4 0 - 5 0  ° F .  When h e a v y  r e d u c e d  c r u d e s  h a v i n g  

g r a v i t i e s  i n  t h e  r a n g e  o f  1 2 . 0  t o  1 6 . 0  ° A . P . I , v i s c o s i t i e s  

f r o m 3 0 0 - 8 0 0  S . S . F a t  122 °F a nd  p o u r  p o i n t s  f r o m 7 0 - 1 0 0  °F 

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

c o s i t y  o f  125 S . S . F a t  122 °F and  a p o u r  p o i n t  o f  2 0 - 2 5  °F 

i s  p r o d u c e d .

I f  t h e  a v a i l a b l e  r e s i d u a l  c h a r g e  s t o c k s  ha v e  l ow p o u r  

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

f u e l  o i l s  c a n  be a c c o m p l i s h e d  i n  a s i m p l e  o n c e - t h r o u g h  o p e r a ­

t i o n .  Such  a u n i t  c o s t s  a b o u t  70 p e r c e n t  a s  much a s  t h e  

two s t a g e  v i s b r e a k i n g  and  p o u r  r e d u c t i o n  u n i t .

C r a c k i n g  t e s t s  we r e  made on a r e d u c e d  c r u d e  o i l  f r om 

t h e  O f i c i n a  f i e l d  ( 1 6 ) .  The  c r u d e  o i l  had an A . P . I .  

g r a v i t y  o f  3 3 . 5 ,  and  t h e  r e d u c e d  c r u d e  r e p r e s e n t e d  48 p e r ­

c e n t  o f  t h e  o r i g i n a l  o i l .  The  r e d u c e d  c r u d e  was  c r a c k e d  i n  

a Dubbs  t w o - c o i l  p i l o t  p l a n t .  The c o n d i t i o n s  o f  o p e r a t i o n ;  

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

F u r o l  v i s c o s i t y  o f  a p p r o x i m a t e l y  250 s e c o n d s  a t  122 ° F ,  

and  400  °F end p o i n t ,  10 p s i  Re i d  v a p o r  p r e s s u r e  g a s o l i n e .

A h e a v y  o i l  t r a n s f e r  t e m p e r a t u r e  o f  890  °F was m a i n t a i n e d  

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

o f  960 ° F .  P r e s s u r e  a t  t h e  e x i t  o f  t h e  h e a v y  o i l  c o i l  was
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220 p s i ,  and  2 50 p s i  a t  t h e  e x i t  o f  t h e  l i g h t  o i l  c o i l .

Mi xed E a s t e r n  V e n z u e l a  r e d u c e d  c r u d e s  ( 1 7 )  we r e  

c r a c k e d  i n  two ways  t o  p r o d u c e  a m a r k e t a b l e  f u e l  o i l  

r e s i d u u m  h a v i n g  a F u r o l  v i s c o s i t y  b e t w e e n  200 and 250 

s e c o n d s  a t  122 ° F .  The r u n s  we r e  made i n  a t w o - c o i l  p i l o t  

p l a n t  u s i n g  a h e a v y  o i l  t r a n s f e r  t e m p e r a t u r e  915 °F and 

l i g h t  o i l  t r a n s f e r  f r o m 950 t o  960 ° F .  The p r e s s u r e  was 

250 p s i .  In t h e  f i r s t  r u n , n o r ma l  t w o - c o i l  r e c y c l e  o p e r a ­

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

was p r o d u c e d  d i r e c t l y .

In a s e c o n d  r u n  t h e  s o - c a l l e d  c u t - b a c k  o p e r a t i o n  was 

e m p l o y e d .  In t h i s  me t h o d  r e s i d u u m  o f  h i g h e r  v i s c o s i t y  was 

p r o d u c e d  and  a f r a c t i o n  o f  i n t e r m e d i a t e  b o i l i n g  r a n g e  

c r a c k e d  d i s t i l l a t e  was r e c o v e r e d  and  a d d e d  t o  t h e  r e s i d u u m  

t o  l o w e r  i t s  v i s c o s i t y .  A 400  °F end p o i n t  g a s o l i n e  and 

t h e  d e s i r e d  v i s c o s i t y  f u e l  o i l  we r e  p r o d u c e d  i n  t h e  n o r ma l  

o p e r a t i o n .  In t h e  c u t - b a c k  o p e r a t i o n  c o n d i t i o n s  we r e  r e g u ­

l a t e d  so t h a t  a r e s i d u u m  h a v i n g  a F u r o l  v i s c o s i t y  o f  800  t o  

900 s e c o n d s  a t  122 °F was p r o d u c e d  and s u f f i c i e n t  i n t e r m e ­

d i a t e  b o i l i n g  r a n g e  c r a c k e d  d i s t i l l a t e  was  w i t h d r a w n  f r o m 

t h e  f i n a l  f r a c t i o n a t o r  t o  c u t  b a ck  t h e  v i s c o s i t y  o f  t h e  

r e s i d u u m  t o  200 t o  250 s e c o n d s .

A t y p i c a l  l a y o u t  o f  a vi  s b r e a k e r  p r o c e s s i n g  u n i t  i s  h 

shown i n  F i g u r e  1.  The  c r a c k i n g  t a k e s  p l a c e  e i t h e r  i n  t h e
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Fractionator

Soaker
r \

Quench

Cracked
Residue

Figure  1 . - - Vi sbr eak i ng  r e s i due  using a soaker .
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f u r n a c e  ( w i t h o u t  s o a k e r )  o r  i n  a s o a k e r  ( r e a c t i o n  c h a m b e r )  

j u s t  d o w n s t r e a m  o f  t h e  f u r n a c e  ( 2 0 ) .

The  s o a k e r  p r o v i d e s  f o r  a p r o l o n g e d  r e s i d e n c e  t i m e  

and  t h e r e f o r e  r e q u i r e s  a l o w e r  c r a c k i n g  t e m p e r a t u r e  w h i c h  

i;s a d v a n t a g e o u s  a s  r e g a r d s  c o s t  o f  f u r n a c e  and f u e l . F u r ­

n a c e  s i z e  c an  be d e c r e a s e d  a s  much a s  30% w i t h  a s o a k e r .

For  t h i s  r e a s o n  s e v e r a l  non- i She!  1 r e f i n e r i e s  a r e  b u i l d i n g  

v i  s b r e a k e r s  a p p l y i n g  S h e l l ' s  s o a k e r  t e c h n o l o g y .

The  c r a c k i n g  t e m p e r a t u r e  i s  a b o u t  485 °C i n  t h e  f u r n a c e  

c r a c k i n g  c a s e  and  a b o u t  440 °C i n  t h e  s o a k e r  c a s e .  The 

ma i n  p r o b l e m  o f  v i s b r e a k i n g  ( 1 )  i s  t h e  i n s t a b i l i t y  o f  t h e  

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

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

may a p p e a r  a s  w e l l  a s  s l u d g e  f o r m a t i o n .  T h i s  i s  m a i n l y  due  

t o  p r e s e n c e  o f  a s p h a 1 t e n e s . D u r i n g  t h e  c r a c k i n g ,  t h e  

c h a r a c t e r  o f  t h e  a s p h a l t e n e s  c h a n g e s  ( 2 0 ) .  The c o l l o i d a l  

s o l u t i o n  c a n n o t  be m a i n t a i n e d  and  a s p h a l t e n e s  t e n d  t o  p r e ­

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

Coke F o r m a t i  on

An i n c r e a s e  i n  v i s b r e a k i n g  s e v e r i t y ,  s u c h  a s  t h a t  

o b t a i n e d  by i n c r e a s i n g  f u r n a c e  t e m p e r a t u r e , r e s u l t s  i n  an 

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

and  r e d u c t i o n  i n  t h e  a mo u n t  o f  c u t t e r  o i l  r e q u i r e d  t o  b l e n d  

s p e c i f i c a t i o n  v i s c o s i t y  r e s i d u a l  f u e l  o i l  ( 2 ) .
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At  h i g h e r  s e v e r i t i e s  t h e r e  i s  an i n c r e a s e d  t e n d e n c y  

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

e x t r e m e s ,  wou l d  r e s u l t s  i n  p e r m a t u r e  s h u t d o w n  f o r  d e c o k i n g  

o f  t h e  c r a c k i n g  f u r n a c e .
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EXPERIMENTAL BASIS

V i s b r e a k i n g  i s  a n o n - c a t a l y t i c , h i g h l y  e n d o t h e r m i e  

c h e m i c a l  c h a n g e  o f  s u b s t a n c e  by means  o f  h e a t  a l o n e ,  

i n c l u d i n g  t h e r m a l  r e a r r a n g e m e n t s  i n t o  i s o m e r s ,  t h e r m a l  

p o l y m e r i z a t i o n ,  and  t h e r m a l  d e c o m p o s i t i o n s  ( 5 ) .  High 

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

a t o m s  d e c o mp o s e  i n t o  s m a l l e r  m o l e c u l e s .  When o i l  i s  

h e a t e d , i t  c r a c k s  and  b r e a k s  down i n t o  m a t e r i a l s  t h a t  b o i l  

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

t h o s e  o f  t h e  o r i g i n a l  o i l s .  The  mor e  d r a s t i c  t h e  c r a c k i n g  

c o n d i t i o n s ,  t h e  s m a l l e r  t h e  m o l e c u l e s ,  and  t h e  l o w e r  i s  

t h e  b o i l i n g  r a n g e  o f  t h e  c r a c k e d  p r o d u c t .  At  e x t r e m e l y  

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

e l e m e n t s ,  c a r b o n  and  h y d r o g e n . A h y d r o c a r b o n  m o l e c u l e  c a n  

be d e c o mp o s e d  i n  a v a r i e t y  o f  wa y s .  Some o f  t h e s e  r e a c ­

t i o n s  may be v i s u a l i z e d  by c o n s i d e r i n g  a f ew o f  t h e  many 

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

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

H H H H H H 
H- C- C- C- C- C- C -H 

H H H H H H
> H- C - C - C - C - C - H + H-C-H

H H H H H

H H H 
P e n t a n e

H

Me t h a n e

H

Hexane

H- H-H-H-H-H
H- C- C- C- C- C- C

H- H-H-H-H-H
> H - C - C - C - C - C  = CH + H-H 

H-H-H-H-

H-H-H-H-H H
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From t h o s e  r e a c t i o n s ,  i t  may be s e e n  t h a t  g a s e s ,  and  

l i q u i d s  a r e  f o r m e d  d u r i n g  t h e  c r a c k i n g  p r o c e s s e s .  The 

q u a n t i t y  o f  e a c h  o f  c o u r s e , d e p e n d s  upon t h e  s e v e r i t y  o f  

o p e r a t i o n .

A c t u a l  r e a c t i o n s  t h a t  o c c u r  i n  v i s b r e a k i n g  a r e  much 

more  c o m p l i c a t e d  t h a n  t h e  r e a c t i o n s  shown.  Some h i g h l y  

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

The v i s b r e a k i n g  u n i t  u s e d  i n  t h i s  s t u d y  F i g u r e  2 i s  

s i m i l a r  t o  p y r o l y s i s  u n i t s  u s e d  by t h e  I n s t i t u t e  o f  Gas 

T e c h n o l o g y  ( 9 )  and by G r i s w o l d  ( 5 ) .  The  s y s t e m  i s  d i v i ­

ded  i n t o  f o u r  s e c t i o n s .

1) Feed s y s t e m

2)  R e a c t o r  s y s t e m

3) C o n d e n s e r  s y s t e m

4)  S a m p l i n g  s y s t e m

Feed  S y s t e m

Heavy  c r u d e  o i l  i s  g r a v i t y  f e d  f r o m 1000 ml p y r e x  

b u r e t s  t o  a p i s t o n  pump.  The  f l o w  o f  o i l  i s  c o n t r o l l e d  

by v a r y i n g  t h e  s t r o k e  l e n g t h  and  s p e e d  o f  s t r o k e .  The 

o i l  i s  pumped t h r o u g h  1 / 4  i n c h  O . D . ,  316 t u b i n g  and 

p r e h e a t e d  w i t h  an 8 f t  t h e r m o t r a c e  h e a t i n g  t a p e  w r a p p e d  

a r o u n d  a 1 . 5  f t  s e c t i o n  o f  o i l  l i n e .  Power  t o  h e a t i n g  

t a p e  i s  s u p p l i e d  by a p o w e r s t a t e  10 amp,  1-KVa r h e o s t a t .  

The  h e a t i n g  t a p e  i s  r a t e d  up t o  450 °C t o  m a i n t a i n  t h e  

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

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

P r e h e a t e r  S y s t e m

The  p r e h e a t e r  s y s t e m  i s  a 3 6 . 6  i n c h  l e n g t h  o f  0 . 2 8 5  

i n c h  O . D . ,  1 / 4  i n c h  I . D . ,  316 SS t u b i n g .  The  p r e h e a t e r  i s  

h e a t e d  w i t h  a L i n d b e r g  o n e - z o n e  t u b e  f u r n a c e .  The
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t e m p e r a t u r e  o f  t h e  p r e h e a t e r  i s  c o n t r o l l e d  by a L i n d b e r g  

o n e - z o n e  c o n t r o l  u n i t  t h a t  o p e r a t e s  i n  t h e  r a n g e  o f  2 0 0 -  

1200 °C and  r e s p o n d s  t o  one  t h e r m o c o u p l e  i n  t h e  m i d d l e  o f  

t h e  f u r n a c e .  The o u t l e t  t e m p e r a t u r e  o f  t h e  p r e h e a t e r  i s  

m e a s u r e d  by a t h e r m o c o u p l e  No.  19 ,  l o c a t e d  a s  shown i n  

F i g u r e  2.  The t h e r m o c o u p l e s  a r e  i n t e r f a c e d  w i t h  an a u t o ­

m a t i c  t h e r m o c o u p l e  s c a n n e r , d i g i t a l  r e a d o u t  i n  ° F .

R e a c t o r  S y s t e m

The r e a c t o r  s y s t e m  i s  a 4 6 . 6 3  i n c h  l e n g t h  o f  0 . 5 3 5  

i n c h  O . D . ,  1 / 2  i n c h  I . D . ,  316 SS t u b i n g .  The  r e a c t o r  i s  

h e a t e d  w i t h  a t u b e  f u r n a c e . The t e m p e r a t u r e  o f  t h e  f u r n a c e

i s  m e a s u r e d  by two t h e r m o c o u p l e s  17 and 18 a s  shown i n  F i g ­

u r e  2.  The o u t l e t  t e m p e r a t u r e  o f  t h e  r e a c t o r  i s  m e a s u r e d  by

a t h e r m o c o u p l e  No.  21 a s  shown i n  F i g u r e  2.  The t h e r m o ­

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

s c a n n e r , d i g i t a l  r e d o u t  i n  ° F .

Sa mp! i  ng S y s t e m

The  l i q u i d  r e c e i v e d  f r o m t h e  b o t t o m  o f  t h e  f l a s k  t a n k  

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

t h r o u g h  a 250 ml g l a s s  bomb f o r  a b o u t  10 m i n u t e s  b e f o r e  

c o l l e c t i n g  t h e  g a s  s a m p l e .  The  l i q u i d  i s  t e s t e d  f o r  v i s ­

c o s i t y  and  p o u r  p o i n t  and  t h e  g a s  s a m p l e  a n a l y z e d  by g a s  

c h r o m a t o g r a p h  a n a l y s i s .
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TABLE 5.  LIST OF EQUIPMENT

1. 1 - 1000 ml b u r e t s , o i l  f e e d

2. 1 - 250 m. b u r e t s ,  w a t e r  f e e d

3. P i s t o n  pump

4. S i n g l e  L i n d b e r g  f u r n a c e

5. Thermo t r a c e  h e a t i n g  t a p

6. F u r n a c e  and r e a c t o r

7. C o n d e n s e r

8. F l a s h  drum

9. S a mp l e  f l a s k

10. G l a s s  wool  f i l t e r

11. Dry g a s  t e s t  m e t e r

12. Gas bomb

13. C o n t r o l  v a l v e  ( p r e s s u r e )

14. R e l i e f  v a l v e  up t o  350 p s i

15. R u p t u r e  d i s c  up t o  390 p s i

16. Drum r e c e i v e s  w a s t e  f r o m r u p t u r e  and r u p t u r e  d i s c

17. O u t l e t  f u r n a c e  t e m p e r a t u r e  m e a s u r e m e n t

18. I n l e t  f u r n a c e  t e m p e r a t u r e  m e a s u r e m e n t

19. O u t l e t  t h e r m o c o u p l e  m e a s u r e m e n t

20 . R u p t u r e  d i s c

21 . O u t l e t  r e a c t o r  t e m p e r a t u r e  m e a s u r e m e n t

22. I n l e t  r e a c t o r  t e m p e r a t u r e  m e a s u r e m e n t
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C h r o m a t o g r a p h  S y s t e m

The p r o d u c t  g a s  i s  a n a l y z e d  w i t h  a C a r l e  Model  I I  

( 2 0 )  a n a l y t i c a l  g a s  c h r o m a t o g r a p h  e q u i p p e d  w i t h  a s e r i e s -  

b y p a s s  s w i t c h i n g  o p t i o n .  T h r e e  c o l u mn s  s e p a r a t e  t h e  

p r o d u c t  g a s  c o m p o n e n t  :

Column 1A: 15 f t  x 1 / 8  i n . ,  28% Bi s  (EE)  A + 4. 7% 

s q u a l a n e  + 2% c a r b o w a x  1540 on 8 0 / 1 0 0  

c h r o m o s o r b  PAQ 

Col umn IB:  16 i n  x 1 . 8  i n ,  1% t e t r a e t h y l e n e - g l y c o l  

d i m e t h y l  e t h e r  on 8 0 / 1 0 0  

Column 2:  4 . 5  f t  x 1 / 8  i n .  p o r a p a k  Q, 8 0 / 1 0 0  mesh 

The  c h r o m a t o g r a p h  s a m p l i n g  s y s t e m  o p e r a t e s  u n d e r  vacuum 

w i t h  a h e l i u m  c a r r i e r  g a s . Componen t  p e a k s  a r e  r e c o r d e d  

by a H o u s t o n  I n s t r u m e n t  #7302  o m n i s c r i b e  1 mV r e c o r d e r  

c o m p l e t e  w i t h  i n t e g r a t o r .
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EXPERIMENTAL PROCEDURE

P r i o r  t o  e a c h  r u n , t h e  r e a c t o r  s y s t e m  and  t h e  p r e ­

h e a t e d  l i n e s  w e r e  d i s m a n t l e d ,  w e i g h e d  and c l e a n e d .  T h i s  

was  n e c e s s a r y  t o  m e a s u r e  and  r emove  t h e  c o k e  and  p i t c h  

p r o d u c e d  i n  t h e  p r e v i o u s  r u n .  The c o n d e n s i n g  s y s t e m  was 

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

m e a s u r e  and  c o l l e c t  t h e  l i q u i d  p r o d u c t s  w h i c h  c o n d e n s e  

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

s y s t e m  was  t h e n  a s s e m b l e d  f o r  o p e r a t i o n  and t h e  p r e h e a t e d  

f u r n a c e  and s o a k e r  t u r n e d  o n .  The  pumps we r e  a d j u s t e d  t o  

c e r t a i n  f l o w  r a t e s .  The  s t a r t  up m o t o r  o i l  was u s e d  ( w i t h ­

o u t  any  a d d i t i v e s  t o  h e a t  t h e  s y s t e m .  When t h e  o u t l e t  

f u r n a c e  t e m p e r a t u r e  r e a c h e s  t h e  d e s i r e d  t e m p e r a t u r e ,  t h e  

s t a r t  up m o t o r  o i l  i s  s t o p p e d  and t h e  c r u d e  o i l  i s  a l l o w e d  

t o  f l o w  t h r o u g h  t h e  s y s t e m  f o r  a b o u t  t w e n t y  m i n u t e s .  A f t e r  

ma k i n g  s u r e  t h e  s y s t e m  ha s  r e a c h e d  t h e  s t e a d y  s t a t e ,  t h e  

t i m e r  i s  s t a r t e d  and  c o l l e c t i o n  o f  t h e  l i q u i d  and  g a s  s a m p l e s  

i s  b e g u n .  D u r i n g  t h e  r u n s  we h a v e  t o  c o n t r o l  t h e  p r e s s u r e  

a t  100 p s i .

To c o n c l u d e  t h e  e x p e r i m e n t ,  t h e  f u r n a c e  s h o u l d  be 

t u r n e d  o f f  b e f o r e  t h e  w a t e r  and o i l  pump and e l e c t r i c a l  

e q u i p m e n t  i s  t u r n e d  o f f .  The  v o l u me  o f  o i l  and w a t e r  

p a s s e d  t h r o u g h  t h e  s y s t e m  i s  r e c o r d e d  and t h e  g a s  s a m p l e  

a n a l y z e d  by c o n v e n t i o n a l  g a s  c h r o m a t o g r a p h  p r o c e d u r e s .
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Gas c o m p o s i t i o n  i s  c a l c u l a t e d  w i t h  t h e  p r o d e d u r e  d e s c r i b e d  

by Young ( 1 0 ) .  The  l i q u i d  r e c e i v e d  was t e s t e d  f o r  v i s c o ­

s i t y  and  p o u r  p o i n t .  The v i s c o s i t y  was  m e a s u r e d  by t h e  

D-88 me t h o d  and  t h e  p o u r  p o i n t  by t h e  0 - 9 7  m e t h o d .
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TABLE 6 .  CHARACTERIZATION OF

V i s c o s i t y  SUS a t  100 °F

P o u r  P o i n t  0 F

Wax C o n t e n t  o f  S t o c k

G r a v i t y ,  API

ASTM D i s t i l l a t i o n  0 - 8 6

IBP

5%

1 0 %

2 0 %

30%

40%

50%

60%

80%

90%

FBP

FAREGH CRUDE OIL

8 9 . 3

75

3 2 . 2 1  Wt.  % 

3 0 . 5

230 °F

290

370

450

580

672

715

780

830

884

980
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TABLE 6 .  CHARACTERIZATION OF FAREGH CRUDE OIL ( c o n t .  )

HYDROCARBON ANALYSIS FOR FAREGH CRUDE OIL

Componen t Mol % WT. %

Hy d r o g e n Ni l Ni l

Ca r b o n  D i o x i d e Ni l 0 . 5 7

N i t r o g e n 1 . 2 7 0 . 4 2

Me t h a n e 5 4 . 8 7 1 0 . 3 3

E t h a n e 4 . 2 7 3 . 2 7

P r o p a n e 5 . 7 9 2 . 4 4

I s o - B u t a n e 0 . 7 3 0 . 5 0

n - B u t a n e 2 . 5 3 1 . 7 3

I s o - P e n t a n e 0 . 5 0 0 . 4 2

n - P e n t a n e 1 . 0 6 0 . 9 0

He x a n e s 1 . 4 3 1 . 4 6

H e p t a n e s  P l u s 2 1 . 4 2 7 7 . 4 1
1 0 0 . 0 0 1 0 0 . 0 0
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TABLE 7 .  CHARACTERIZATION OF AMAL CRUDE OIL

V i s c o s i t y  SUS a t  100 °F 9 0 . 2

P o u r  P o i n t  ° F  6 7 . 5

G r a v i t y ,  API 2 5 . 1 3

ASTM D i s t i l l a t i o n  0 - 8 6

IBP 154 °F

5 % 2 0 2

10% 259

2 0% 350

30% 430

40% 512

50% 617

60% 667

70% 742

80% 808

90% 854

FBP 884
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RESULTS

A number  o f  r u n s  on h e a v y  L i b y a n  c r u d e  o i l s  f r o m t h e  

Amal a nd  F a r e g h  f i e l d s  w e r e  made t o  d e t e r m i n e  t h e  e f f e c t s  

o f  t h e  r e a c t i o n  v a r i a b l e s  on t h e  v i s c o s i t y  and  p o u r  p o i n t  

r e d u c t i o n .  T h r e e  r u n s  w e r e  made t o  c h e c k  t h e  r e p r o d u c i ­

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

t i o n s  and  c o r r e s p o n d i n g  p r o d u c t  a n a l y s i s  a r e  s u m m a r i z e d  

i n  T a b l e  8 and 9,

E f f e c t  o f  T e m p e r a t u r e

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

by r u n n i n g  t e s t s  a t  d i f f e r e n t  t e m p e r a t u r e s  i n  t h e  r a n g e  o f  

i n t e r e s t  650 °F - 850 ° F ,  h o l d i n g ,  t h e  r e s i d e n c e  t i m e  i n  

t h e  i n t e r m e d i a t e  r a n g e  o f  1 . 7  t o  6 . 5  m i n u t e s  a t  a p r e s s u r e  

o f  200 p s i  .

As shown i n  F i g u r e  3 v i s c o s i t y  f o r  Amal c r u d e  o i l  

d e c r e a s e s  f r o m 7 3 . 1 1  SUS a t  a r e a c t i o n  t e m p e r a t u r e  650 °F 

t o  2 5 . 0 1  SUS a t  850 °F f r o m o r i g i n a l  v i s c o s i t y  o f  140 SUS. 

At  c o r r e s p o n d i n g  t e m p e r a t u r e s , F i g u r e  4 shows  t h a t  v i s c o ­

s i t y  f o r  u s i n g  o t h e r  F a r e g h  c r u d e  o i l  d e c r e a s e s  f r o m 3 8 . 3 5  

SUS t o  2 4 . 5  SUS f r o m o r i g i n a l  v a l u e  o f  110 SUS a t  100 ° F .

P o u r  p o i n t  f o r  Amal c r u d e  a s  shown i n  F i g u r e  9 

d e c r e a s e s  f r o m 6 2 . 0  °F a t  r e a c t i o n  t e m p e r a t u r e s  650 °F t o  

4 2 . 5° È a t  a r e a c t i o n  t e m p e r a t u r e  oT 850 °F f r o m o r i g i n a l  value-  

o f  6 9 . 5  ° F .  The  r e d u c t i o n  i n  p o u r  p o i n t  f o r  F a r e g h  c r u d e
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Run # 
Amal Cr u d e Temp (

TABLE 8.

n . Ti me 
F ) ( mi n )

RESULTS 

Vl s co  s i t y
_ s u s  _

P o u r  P o i n t  
( °F)

Wa t e r
R a t i o

1 650 3 . 2 7 7 3 . 1 1 6 2 . 0

2 750 4 . 3 4 0 . 2 0 5 2 . 7

3 750 3 . 2 6 5 1 . 3 2 5 6 . 0

4 850 3 . 2 6 3 8 . 1 3 5 4 . 0

5 850 4 . 3 3 2 . 4 1 5 0 . 0

6 650 4 . 3 4 6 . 2 3 5 5 . 0

7 650 6 . 5 3 8 . 0 6 4 6 . 5

8 850 6 . 5 2 5 . 0 1 4 2 . 5

9 750 6.  5 3 4 . 1 5 4 4 . 7

10 650 7 7 . 1 2 6 8 . 1 2

11 750 57.  10 6 0 . 4

12 850 4 0 . 5 4 5 7 . 1

13 850 3 8 . 1 2 5 2 . 3 0 0 . 0 2 5

14 650 5 5 . 0 6 6 . 2 0 0 . 0 2 5

15 750 5 3 . 2 6 4 . 5 0 . 0 2 5



Run
egh

16

17

18

19

20

22

24

27

31

35

#
Cr u d e

TABLE 8 .  ( CONT. )

Ti me V i s c o s i t y  P o u r  P o i n t
Temp ( ° F ) ( m i n ) SUS ( F )_

650 3 . 2 6 3 8 . 3 5 7 1 . 0

650 6.  5 3 2 . 0 6 5 . 0

750 6 . 5 2 7 . 0 5 7 . 0

850 4 . 3 2 8 . 2 1 5 5 . 0

850 6 . 5 2 4 . 5 4 6 . 0

750 4.  3 3 1 . 5 0 6 1 . 0

750 3 . 2 6 33.  12 6 6 . 0

650 4 . 3 3 5 . 4 7 6 8 . 0

850 3 . 2 6 3 0 . 8 0 6 3 . 0
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FIGURE 3

EFFECT OF THE R E A CT I ON  T E M P E R A T U R E  
V I S C OS I TY  OF A M A L  , H E A V Y  CRUDE OIL

ON THE

A Reaction Time 3.26 minutes 
•  Reaction Time 4.3 minutes 
■ Reaction Time 6.5 minutes

1  1 ! 1 1 1 1 1 1 1 1
(300.0 650  0 700  0
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REACTI ON T E M P E R A T U R E , D E C ,  F
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FIGURE 4

EFFECT OF THE RE ACTI ON T E M P E R A T U R E  ON THE  
V I S C O S I T Y  OF F A R E G H  H E A V Y  C R U D E  OIL

»  Reaction Time 3.26 minutes 
9  Reaction Time 4.3  minutes 
S  Reaction Time 6 .5 minutes
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R E A C TI O N  T E M P E R A T U R E , D E G .  F
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FIGURE 5

EFFECT OF THE RESI DEN CE TIME ON THE  
V I S C O S I T Y  OF A M A L E  H E A V Y  CRUDE OIL

A  Reaction Temperature 650°F 
#  Reaction Temperature 750°F 
A  Reaction Temperature 850*F

6 0 7 0
RE SI DENCE T I ME , MI N UT E
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FIGURE 6

EFFECT OF THE RESI DEN CE TIME ON THE  
V I S C O S I T Y  OF F A R E G H  H E A V Y  CRUDE OIL

v  Reaction Temperature 650°F 
•  Reaction Temperature 750°F 
■ Reaction Temperature 850°F
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o i l  a s  s hown i n  F i g u r e  10 i s  2 5 . 0  °F f r om o r i g i n a l  pour  

p o i n t  o f  75 ° F .
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R e s i d e n c e  Ti me

The e f f e c t  o f  r e s i d e n c e  t i m e  w i t h i n  t h e  r e a c t o r  was 

d e t e r m i n e d  o v e r  t h e  r a n g e  o f  r e s i d e n c e  t i m e s  f r o m 1 . 7  t o  

6 . 5  m i n u t e s .  As shown i n F i g u r e  5,  v i s c o s i t y  f o r  Amal 

c r u d e  o i l  d e c r e a s e s  f r o m 7 3 . 1 1  SUS a t  3 . 2 6  m i n u t e s  t o  

2 5 . 0  SUS a t  6 . 5  m i n u t e s .  Fo r  F a r e g h  c r u d e  o i l  t h e  d e c r e a s e  

i s  r a n g i n g  a s  shown i n  F i g u r e  6 f r o m 3 8 . 3 5  SUS a t  3 . 2 6  

m i n u t e s  t o  2 4 . 5  SUS a t  6 . 5  m i n u t e s .  F i g u r e  7 a nd  8 show 

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

Amal a nd  F a r e g h  c r u d e  o i l  d e c r e a s i n g  f r o m 6 2 . 2  °F t o  4 2 . 5  °F 

a nd  f r o m 7 1 . 0  °F t o  4 6 . 0  °F r e s p e c t i v e l y .

Wa t e r  H y d r o c a r b o n  R a t i o

The s t u d y  a l s o  i n c l u d e d  an i n j e c t i o n  o f  w a t e r  t o  d e t e r ­

mi n e  t h e  e f f e c t  o f  t h e  w a t e r  on t h e  v i s c o s i t y  and p o u r  p o i n t .

The r a t i o  u s e d  was 0 . 0 2 5  d i s t i l l e d  w a t e r / t o  o i l .  As 

shown i n  F i g u r e  11,  t h e  v i s c o s i t y  d e c r e a s e s  f o r  Amal c r u d e  

o i l  f r o m 5 5 . 0  SUS a t  650 ° F t o  3 8 . 1 2  SUS a t  850  °F w h i l e  

w i t h o u t  w a t e r  i n j e c t i o n ,  t h e  v i s c o s t i y  d e c r e a s e s  f r o m 7 7 . 1 2

a t  a r e a c t i o n  t e m p e r a t u r e  o f  650 °F t o  4 0 . 5 4  a t  850 ° F .  

S e v e r i t y  F a c t o r

The  s e v e r i t y  f a c t o r  i s  an a t t e m p t  t o  c o mb i n e  t h e  e f f e c t s

o f  a l l  t h e  r e a c t i o n  v a r i a b l e s  on p r o d u c t  c o m p o s i t i o n s  a nd

y i e l d s  i n t o  o n e  v a r i a b l e .  The  common f o r m o f  t h e  s e v e r i t y

f a c t o r  f o r  p e t r o l e u m  o r  s h a l e  o i l  ( 1 9 )  i s :
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FIGURE 7

EFFECT OF THE RESIDENCE TIME ON THE  
P O U R  POI NT OF A M A L  H E A V Y  C RUDE OIL

•  Reaction Temperature 650®F 
A Reaction Temperature 750°F 
▲ Reaction Temperature 850°F
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FIGURE 8

EFFECT OF THE RESIDENCE TIME ON THE  
P O U R  PO INT OF F A R E G H  H E A V Y  CRUD E OIL

A Reaction Temperature 650oF 
•  Reaction Temperature 750°F 
■ Reaction Temperature 850°F
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FIGURE 9
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EFFECT OF THE REACTI ON T E M P E R A T U R E  ON THE  
P O U R  POI NT OF A M A L  H E A V Y  CRUDE OIL
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FIGURE 10
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EFFECT OF THE REACTI ON T E M P E R A T U R E  ON THE  
P O U R  P OI NT  OF F A R E G H  H E A V Y  CRUDE OIL

A  Reaction Time 3.26 minutes 
•  Reaction Time 4.3 minutes

Reaction Time 6.5 minutes
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FIGURE 11
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EFFECT OF THE R E ACT I ON  T E M P E R A T U R E  A N D  W A T E R  RATIO  
ON THE V I S C O S I T Y  OF A M A L E  H E A V Y  CRUDE OIL
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FIGURE 12

EFFECT OF S E V E R I T Y  F A CTO R ON 
O THE G A S  YI ELD OF CRUDE OIL
C

^  FAREGH CRUDE OIL 
•  AMAL CRUDE OIL
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R e p r o d u c i  b i 1 i t y :

P o s s i b l e  e r r o r s  e n c o u n t e r e d  i n  t h e  gas  p r o d u c t  a n a l y s i s  

come f r om t h o s e  e r r o r s  e n c o u n t e r e d  i n  t h e  gas  c h r o m a t o g r a p h y  

a n a l y s i s  and e r r o r s  e n c o u n t e r e d  i n  m e a s u r i n g  t h e  v i s c o s i t y  

and  p o u r  p o i n t .  Two d u p l i c a t e  r u n s  we r e  made on e a c h  s a mp l e  

t o  c h e c k  f o r  t h e  d e v i a t i o n  o f  v i s c o s i t y ,  p o u r  p o i n t ,  gas  

w' t .% o f  f e e d ,  s o l i d  wt . % o f  f e e d ,  and l i q u i d  wt . % o f  f e e d  

f o r  Run 1 we r e  r e s p e c t i v e l y  1 . 2%,  2 . 0 5 %,  1 1 . 6 %,  10 . 52% and 

2 . 0 7 %.

The d u p l i c a t i o n  f o r  Run 20 gave  a p e r c e n t  d e v i a t i o n  i n  

v i s c o s t i y ,  p o u r  p o i n t ,  gas  w t . %,  s o l i d  wt . % and l i q u i d  wt . % 

r e s p e c t i v e l y  1 . 2 3 %,  3 . 9 7 %,  3. 43%, ,  5 . 5% and 4 . 1 1 %.
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TABLE 10 REPRODUCIBILITY ANALYSIS

D u p l i c a t e  Runs

Amal Cr u d e  011 Run 1 Run 2 % D e v i a t i o n

V i s c o s i t y  a t  2 1 2 ° F ,  s e c o n d  7 3 . 1 1  7 5 . 0 2 SUS 1 . 2

P o u r  p o i n t  F° 6 2 . 0  5 9 . 5  2 . 0 5

Gas wt . % o f  f e e d  1 2 . 5 9  1 5 . 9 0  1 1 . 6

S o l i d  wt . % o f  f e e d  0 . 5 1  0 . 6 3  1 0 . 5 2

L i q u i d  wt . % o f  f e e d  8 7 . 0 1  8 3 . 4 7  2 . 0 7

F a r e g h  Cr ude  O i 1 Run 20 Run 20R % D e v i a t i o n

V i s c o s i t y  a t  2 1 2 ° F , s e c o n d  2 4 . 5  2 5 . 1 1  1 . 2 3

P o u r  p o i n t  F° 4 6 . 0  4 9 . 8  3 . 9 7

Gas wt . % o f  f e e d  3 9 . 3 8  4 2 . 1 8  3 . 4 3

S o l i d  wt . % o f  f e e d  1 . 7 9  2 . 0  5 . 5

L i q u i d  wt . % o f  f e e d  6 0 . 6 0  5 5 . 8 2  4 . 1 1
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CONCLUSIONS

1.  The  r e s u l t s  o f  t h i s  p r e s e n t  s t u d y  o f  v i s t r e a k i n g  

o f  L i b y a n  h e a v y  c r u d e  o i l s  f r o m Amal f i e l d  and F a r e g h  

f i e l d  i n d i c a t e d  a good  me t h o d  o f  l o w e r i n g  t h e  v i s c o ­

s i t y  and p o u r  p o i n t .  T h i s  p r o c e s s  c an  be a p p l i e d  f o r  

o t h e r  f e e d s t o c k ,  s u c h  a s  vacuum r e s i d u u m  and r e d u c e d  

c r u d e .

R e s u l t s  o f  t h i s  s t u d y  a l s o  show t h a t  o p e r a t i o n  a t  

h i g h  r e s i d e n c e  t i m e s  a s  we l l  a s  h i g h  t e m p e r a t u r e  g a v e  a 

good  r e d u c t i o n  o f  v i s c o s i t y  a nd  p o u r  p o i n t  o f  t h e s e  c r u d e  

o i l s .  The  t o t a l  r e d u c t i o n  on v i s c o s i t y  f o r  Amal h e a v y  

c r u d e  o i l  i s  1 7 . 0 9  s a y b o l t  u n i v e r s a l  s e c o n d s  a t  6 50° F  

a nd  6 5 . 1 9  SUS a t  8 5 0 0 F . For  F a r e g h  c r u d e  o i l ,  t h e  t o t a l  

r e d u c t i o n  i s  a b o u t  5 0 . 9 5  s a y b o l t  u n i v e r s a l  s e c o n d s  a t  

6 5 0 ° F  and  6 4 . 8 0  SUS a t  8 5 0 ° F .

2.  The  r e d u c t i o n  i n  p o u r  p o i n t  f o r  b o t h  Amal and 

F a r e g h  h e a v y  c r u d e  o i l  i s  1 9 . 5  °F a nd  25 ° F r e s p e c t i v e l y  

f r o m t h e  o r i g i n a l  p o u r  p o i n t  o f  6 7 . 5  °F and  75 °F r e s p e c ­

t i v e l y .

3.  As t h e  s e v e r i t y  o f  o p e r a t i o n  i n c r e a s e s ,  t h e  p r o ­

d u c t  o f  t o t a l  v o l u m e t r i c  g a s e o u s  i n c r e a s e s .

4 .  We i g h t  p e r c e n t  o f  f e e d  c o n v e r t e d  t o  s o l i d  c a r b o n  

p r o d u c t s  i n c r e a s e d  f o r  Amal c r u d e  o i l  f r o m 0 . 5 1  wt% a t  

r e a c t i o n  t e m p e r a t u r e  650 °F t o  1 . 7 1  wt% a t  850  ° F .  For
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F a r e g h  c r u d e  o i l  f r o m 0 . 6 3  wt% a t  a r e a c t i o n  t e m p e r a t u r e  

650 °F t o  1 . 7 9  wt% a t  850 ° F .

5.  I n j e c t i o n  o f  w a t e r  t h r o u g h  t h e  s y s t e m  ha s  

e f f e c t  on v i s c o s i t y  o f  Amal c r u d e  o i l .  The c h a n g e  i n  

v i s c o s i t y  i s  1 6 . 8 8  s a y b o l t  u n i v e r s a l  v i s c o s i t y  i n  s e c o n d s  

a t  t h e  r e a c t i o n  t e m p e r a t u r e  r a n g e  f r om 650 °F t o  850 ° F , 

w h i l e  t h e  c h a n g e  i n  v i s c o s i t y  w i t h o u t  i n j e c t i o n  w a t e r  a t  

t h e  same r e s i d e n c e  t i m e  a nd  r e a c t i o n  t e m p e r a t u r e  r a n g e  i s  

3 6 . 5 8  s a y b o l t  u n i v e r s a l  v i s c o s i t y  i n  s e c o n d s .

The  p o u r  p o i n t  c h a n g e  f o r  Amal h e a v y  c r u d e  o i l  f r om 

1 1 . 0 2  °F w i t h o u t  w a t e r  i n j e c t i o n  t o  1 3 . 9  °F w i t h  w a t e r  

i n j e c t i o n .
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RECOMMENDATION

The  p r e s e n t  v i s b r  e a k i n g u n i t  c a n  be i mp r o v e d  i n  t h e  

f o l l o w i n g  ma n n e r  t o  i mp r o v e  and  d e c r e a s e  t h e  p l u g g i n g  

p r o b l e m s .

Use h i g h  mas s  v e l o c i t y  t h r o u g h  t h e  v i s b r e a k e r  

h e a t e r  c o i l s  t o  e n h a n c e  t h e  h e a t  t r a n s f e r  r a t e s  and  l i m i t  

t h e  t u b e  wa l l  t e m p e r a t u r e  t o  r e d u c e  c o k i n g  r a t e .
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A. R e a c t o r  Vol ume

— L = v o l u me  o f  r e a c t o r

J  ( 0 . 5 ) "  4 6 . 6 3 "  = 9 . 1 5  c u b i c  i n c h

B. R e s i d e n c e  t i m e

r e a c t o r  v o l u me
t o t a l  v o l u me  o f  o i l  f l o w e d

C.  P r o d u c t  g a s  c o m p o s i t i o n

1.  C h r o m a t o g r a p h  c o mp o n e n t  a r e a  =

( P e a k  a r e a ) ( a t t e n u a t i o n ) ( r e s p o n s e  f a c t o r )

2.  100% m e t h a n e  c a l i b r a t i o n  = ( p e a k  a r e a  ) ( 1024)

3.  P r o d u c t  mo l e  f r a c t i o n

C h r o m a t o g r a p h  c o mp o n e n t  a r e a  
100% m e t h a n e  c a l i b r a t i o n

4.  N o r m a l i z e d  p r o d u c t  g a s  mo l e  f r a c t i o n  =

p r o d u c t  mo l e  f r a c t i o n  
16

E p r o d u c t  mo l e  f r a c t i o n

5.  M o l e c u l a r  w e i g h t  o f  p r o d u c t  ga s  =
16

E ( m o l e c u l a r  w e i g h t ) ( n o r m a l i z e d  mo l e  f a c t o r )

6.  P r o d u c t  g a s  ma s s  a t  m e t e r e d  P and T =

( P / RT )  ( v o l u me  o f  p r o d u c t  g a s  p r o d u c e d )  
m o l e c u l a r  w e i g h t  o f  p r o d u c t  g a s

7.  Gas w e i g h t  % o f  f e e d  =

p r o d u c t  g a s  ma s s  i n n  
man o f  o i l  f l o w e d
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8.  S o l i d  w e i g h t  % o f  f e e d  =

s o l i d  mas s  
mas s  o f  o i l  f l o w e d 100



TA
BL

E 
11

. 
SU

MM
AR

Y 
OF

 
GA

S 
A

N
A

LY
SI

S

T - 2 6 0 8 60

S- o ID ID ID
QJ *r— CM CM CM
+-> +-> o O O
fO (O • • •
3 o; o o o

as
-M
S

i—1 cr> «d- CO O
t3 o LD r>N co CO CO «d*
3 CO r». O ID •d"
O ' ICO co CO 00 CO

CTY OT OT CO CM
O ID o CM CM CM O CO

CO o 1—< ID co OT 0 0 r™f
CO OT co 0 0 CO CO OT

1—4
tr-t
r~-

CO
r̂ . ID co CM Dx i-H ID CO ■d" <d- OT

ID r~> co OT co OT OT CO CO ID CO ID 00
o o o o t—1 o O r-H r—4 O O O o O o

o

as
+-> OT CO 00 «d- ID
s •d- CO CO d* o d*
CZ) CM d" ID oo CO

r —4 p—i 1—4 CM CM 1—4
CD

>>+-> s-
•r— O o OT CO ID o o
S- +J • . • « • •
CD U CM i 1 OT CO CO p".
>  03 OT CO CM CO 00 o
CD U_ 

OO
00 o

r—1
O
1—4

1—4
1—1

1—1
1—4

OT

CD C  
E •«- 26 co 26 26 CO CO

•r-  'SL . . • • • •
1—--- CO d" CO CO d " d "

CO CO d - r^x co OT 00
co CM o CO 1—4 CO ID CO CM

d " CM CO 00 d- CO o 1—4 CO
1-4 CO CM 1—4 1-4 1—4 1—4

p " . CO oo 0 0 0 0 o 0 0 0 0 o
O T I D CM O T 1—4 o r 1—4 p x .

CM 1—4 r-x CO CM I D CO CM I D
O T CM o O T 1—4 0 0 o r 1— 4 CO

. 1—4 1-4 1—4 1—4

ID ID

CO CO

o
O O o o o o O O O o o O O o o
ID ID ID ID ID ID ID ID ID ID ID LD ID ID ID
CO r-x r-x CO 0 0 CO CO CO r-x r-x CO CO r - . 0 0 CO

CDt—

C iti 
3 E 

c c  =c CM CO ID CO CO cn co ID



TA
BL

E 
11

. 
SU

MM
AR

Y 
OF

 
GA

S 
AN

AL
YS

IS
 

(c
o

n
t.

T - 2 6 0 8 61

5 <X>‘ c o CO CXJ o *d" CO CXJ p x
~o 1—4 CXJ r̂. 1-4 c o 1—4 CXJ r-x co

UD «—< 1-4 CO o 00 uo o 00
cr 00 00 CO CO CO CO 00 CO

—j

+->3 oo uo
CO CXJ "=j" CXJ cn 1-4 o CO o

"O LO 00 CO o x co r~x «d-
•r—
i— o o 1—4 1—4 1-4 o o o 1—4
o

o o

a-e
+-> 1—1 CO CXJ uo 00 «d- c o •d - CO3 CXJ M . ’d" CXJ CO cn o x uo OX

(Z) CO CO uo cn o CO 00 o x
to r—1 1—4 CO CO CO CO CXJ t-4 CXJ

CD

4-> S-
• r -  O o r-s. 0 0 1-4 0 0 uo CO o 0 0
S- -M • . • • • • . • •
0 ) U CXJ cn OJ CO uo CO o x Px. uo
>  ro cn CXJ r^. 0 0 1—4 «d- CXJ o 1-4
<U U _ 00 ox o 1—4 CXJ O ' o OX CXJ

OO 1-4 1—4 1-4 1-4 1-4 r—4

<u c CO c o CO
E T - CXJ uo UO CO UO CO CXI CO CXJ

• r -  H . . • • • • • • . •
I— — ' CO CO CO c o «d- CO «d" CO

U_o
o O o o o o o o o

Q . LO UO uo uo U ) uo uo uo uo
E CO CO r-s. 0 0 0 0 r x c o 0 0
<u

f—

_ c
=tk CD

0) CO r~» 0 0 cn o CXJ •d" P x 1—4
c  $ - rH r —i 1-4 1-4 CXJ CXJ CXJ CXI CO
3 (O on u_



T - 2 6 0 8 6 2

GAS CHROMATOGRAPHY ANALYSIS
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