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@  Process  for  upgrading  diesel  oils. 

@  A  process  for  upgrading  diesel  oil  to  produce  an  upgraded 
diesel  fuel  comprising  the  steps  of: 
(a)  reacting  a  diesel  oil,  having  a  boiling  point  at  normal 

pressure  of  about  300  °F  to  about  700  °F,  derived  from  a 
petroleum  source  with  an  oxidant  selected  from  the  group 
consisting  of  nitrogenous  oxidizing  agents  and  ozone 
wherein 
(1  )  the  reacting  is  to  an  extent  sufficient  to  increase  the 

cetane  number  of  the  diesel  oil  obtained  in  step  (a)  by 
at  least  5  cetane  numbers  over  the  cetane  number  of 
the  diesel  oil  feed  to  step  (a),  and 

(2)  (i)  the  reacting  is  such  that  when  the  oxidant  is  a 
nitrogeneous  treating  agent,  the  amount  of  oxi- 
dant,  equivalent  on  a  1  00%  nitric  acid  basis,  is 
about  1  0%  or  less  by  weight  of  the  diesel  oil  feed 
to  step  (a);  and 

(ii)  the  reacting  is  such  that  when  the  oxidant  is 
ozone,  the  amount  of  oxidant  is  sufficient  to 
achieve  an  about  1  0%  or  greater  reduction  in  the 
sulfur  content  of  the  reacted  diesel  oil  obtained 
in  step  (a)  over  the  diesel  oil  feed  to  step  (a); 

b)  contactig  the  diesel  oil  from  step  (a)  above  with  an 
extracting  solvent,  the  extracting  solvent 
(1  )  having  a  dipole  moment  of  about  2  or  greater. 

(2)  being  substantially  immiscible  with  the  diesel  oil  ob- 
tained  in  step  (a), 

(3)  being  a  nonhalogenated  solvent,  and 
(4)  excluding  amines,  which  are  reactive  with  the  oxi- 

dant, 
or  a  mixture  of  such  solvents  or  a  water  mixture  of  such  sol- 
vents  comprising  about  50%  by  weight  or  less  water;  and 
(c)  separating  the  diesel  oil  from  step  (b)  above  from  the  ex- 

tracting  solvent  to  recover  upgraded  diesel  fuel. 
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PROCESS  FOR  UPGRADING  DIESEL  O I L S  

FIELD  OF  THE  INVENTION 

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

t h e   c e t a n e   r a t i n g   of  d i e s e l   o i l s .   More  p a r t i c u l a r l y ,  

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

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

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

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

c o m p o u n d s   f rom  t h e   o i l .   S p e c i f i c a l l y ,   t h i s   i n v e n t i o n  

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

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

10  o z o n e ,   n i t r o g e n   o x i d e s ,   n i t r o u s   a c i d   or  n i t r i c   a c i d  

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

s o l v e n t s   in   s o l v e n t   e x t r a c t i o n ,   s o l v e n t   e x t r a c t i n g   t h e  

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

i m p u r i t i e s ,   and  t h e n   s e p a r a t i n g   t h e   o i l   f rom  t h e  

15  s o l v e n t s   e m p l o y e d   f o r   e x t r a c t i o n .  

BACKGROUND  OF  THE  INVENTION 

In  r e f i n i n g   p e t r o l e u m   d i s t i l l a t e s   t he   r e m o v a l   of  1 

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

20  m e e t   p r o d u c t   s p e c i f i c a t i o n s .   In  t h e   p a s t   v a r i o u s  

m e t h o d s   h a v e   b e e n   u s e d   to  r emove   u n w a n t e d   s u l f u r  

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

h y d r o d e s u l f u r i z a t i o n .   Wi th   i n c r e a s i n g   r e l i a n c e   o n  

h i g h - s u l f u r   c r u d e   o i l   f e e d s t o c k s ,   and  t he   d e s i r e   t o  

25  d i v e r t   h y d r o g e n   f o r   o t h e r   u s e s   in  t h e   r e f i n i n g   p r o c e s s  

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

m e t h o d s   a r e   of  i n c r e a s e d   i n t e r e s t .  

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

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

3q  For   e x a m p l e ,   t h e   i m p o r t a n t   p r o p e r t i e s   of  d i e s e l   f u e l s  
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i n c l u d e   i g n i t i o n   q u a l i t y ,   o x i d a t i o n   s t a b i l i t y ,   a n d  
R a m s b o t t o m   c a r b o n   in   a d d i t i o n   to  s u l f u r   c o n t e n t .  

P a r t i c u l a r l y   w i t h   r e s p e c t   to   i g n i t i o n   q u a l i t y ,   c e t a n e  

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

5  In  o r d e r   to   be  s u i t a b l e   f o r   a u t o m o t i v e   u s e ,   No.  1 
d i e s e l   f u e l   i s   g e n e r a l l y   made  f r o m   v i r g i n   s t o c k s   h a v i n g  
c e t a n e   n u m b e r s   of  a b o u t   45.  R a i l r o a d   d i e s e l   f u e l s   a r e  
s i m i l a r   to   t h e   a u t o m o t i v e   d i e s e l   f u e l s ,   b u t   can   h a v e  
s o m e w h a t   l o w e r   c e t a n e   n u m b e r s   of   a b o u t   4 0 .  

10  Many  u n c r a c k e d   or   v i r g i n   p a r a f f i n i c   s t o c k s   s u c h   a s  
s t r a i g h t   r u n   a t m o s p h e r e   gas   o i l   h a v e   good   c o m p r e s s i o n  
i g n i t i o n   p r o p e r t i e s ,   i . e . ,   a  c e t a n e   n u m b e r   of   a b o u t   4 5  

or   h i g h e r .   In  c o n t r a s t ,   t h e r m a l l y   or   c a t a l y t i c a l l y  
c r a c k e d   s t o c k s   s u c h   as  c y c l e   o i l s   h a v e   u n s a t i s f a c t o r y  

15  i g n i t i o n   p r o p e r t i e s ,   i . e . ,   c e t a n e   n u m b e r s   b e l o w   a b o u t  
3 5 .  

In  t h e   p a s t ,   in   m o s t   c o u n t r i e s   of   t h e   w o r l d ,  
s u f f i c i e n t   q u a n t i t i e s   of   d i e s e l   f u e l   were   o b t a i n e d   as  a  
s t a b l e ,   v i r g i n   p r o d u c t   f rom  c r u d e   o i l   d i s t i l l a t i o n .  

20  H o w e v e r , -   h i g h e r   c r u d e   p r i c e s   and  p o o r e r   q u a l i t y   c r u d e  
o i l s   h a v e   i n c r e a s i n g l y   b e c o m e   an  e c o n o m i c   r e a l i t y   i n  

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

p r o p e r t i e s   of   d i s t i l l a t e   f u e l s   and  d i e s e l   f u e l s ,  

e s p e c i a l l y   in   t h e   U n i t e d   S t a t e s   of  A m e r i c a ,   C a n a d a   a n d  

25  E u r o p e .   As  h e a v i e r   c r u d e s   a r e   b e i n g   u s e d ,   b o t t o m  

p r o d u c t s   a r e   no  l o n g e r   in   d e m a n d ,   and  s t r e a m s   f r o m  

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

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

3q  h a v e   p o o r e r   q u a l i t i e s   as  f u e l s   ( u n l e s s   h y d r o c r a c k e d )  
t h a n   s t r a i g h t - r u n   p r o d u c t s   of  e q u i v a l e n t   b o i l i n g   r a n g e .  
W i t h   r e s p e c t   to  d i e s e l   f u e l s ,   b l e n d i n g   w i t h   c r a c k e d  

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

The  c h a n g e s   d i s c u s s e d   a b o v e   h a v e   r e s u l t e d   in   a  
s t e a d y   d e c l i n e   of  c e t a n e   n u m b e r   o v e r   t h e   p a s t   d e c a d e .  

5  T h e s e   f a c t o r s   h a v e   a l s o   l e d   to   a  l o s s   of  d i s t i l l a t e  
f u e l   s t a b i l i t y ,   w h i c h   in  t u r n   h a s   c r e a t e d   p r o b l e m s   w i t h  
d i e s e l   f u e l   h a n d l i n g   and  p e r f o r m a n c e   c h a r a c t e r i s t i c s .  

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

c o m p l e x   r e a c t i o n s   w h i c h   a r e   n o t   c o m p l e t e l y   u n d e r s t o o d ,  
10  b u t   i s   b e l i e v e d   to  be  t h e   r e s u l t   of  t h r e e   s e p a r a t e  

r e a c t i o n s :   (1)  a c i d - b a s e   r e a c t i o n s   in   w h i c h   an  o r g a n i c  
a c i d   and  b a s i c   n i t r o g e n   r e a c t   to  form  a  s e d i m e n t  

( a c i d - b a s e   s a l t ) ;   (2)  o x i d a t i v e   gum  r e a c t i o n s   in   w h i c h  
a l k e n e s   and  o x y g e n   r e a c t   to   fo rm  gum  a n d  

15  (3)  e s t e r i f i c a t i o n   r e a c t i o n s ,   in   w h i c h   a r o m a t i c  
h y d r o c a r b o n s ,   h e t e r o c y c l i c   n i t r o g e n s   and  b e n z o t h i o l s  
c o m b i n e   in   a  m u l t i s t e p   p r o c e s s   to  fo rm  s e d i m e n t .  

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

20  w e l l   as  f rom  b l e n d i n g   of  s t r e a m s   f rom  t h e r m a l   p r o c e s s e s  
to  mee t   m a r k e t   d e m a n d s .   The  s h i f t   to  h e a v i e r  
f e e d s t o c k s   and  to  h i g h e r   s e v e r i t y   o p e r a t i o n s   i s  

s i g n i f i c a n t   s i n c e ,   f o r   e x a m p l e ,   a  m a j o r   c h a n g e   in   FCC 
use   c o u l d   i n c r e a s e   t he   a v a i l a b i l i t y   of  l i g h t   c y c l e   o i l ,  

?5  w h i c h   i s   a  p o o r   d i e s e l   f u e l   f e e d s t o c k .   The  r e c e n t  

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

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

c o m p o u n d s ,   as  w e l l   as  to  p r o d u c e   a d d i t i o n a l   d i s t i l l a t e  

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

30  Wi th   an  i n c r e a s e   in  t h e   d e m a n d   f o r   m i d d l e  

d i s t i l l a t e s ,   d i e s e l   f u e l   q u a l i t y   i s   e x p e c t e d   to  e r o d e  
f u r t h e r   due  to  p o o r e r   q u a l i t y   of  c r u d e   o i l s ,   a  l o w e r  
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d e m a n d   f o r   b o t t o m   p r o d u c t s   and  t h e   i n c r e a s i n g   u s e   o f  

h e a v y   o i l   c r a c k i n g   p r o c e s s e s .  

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

and   s t a b i l i t y   h a s   b e e n   c o n c e n t r a t e d   in   t h r e e   a r e a s :  

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

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

d e s u l f u r i z a t i o n   and  in   i m p r o v i n g   s t a b i l i t y ,   i t   i s   a  

c o s t l y   m e t h o d   of   i m p r o v i n g   c e t a n e   and  s t a b i l i t y ,  

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

10  w h i c h   i s   e x p e n s i v e   and  a  h i g h   u t i l i t i e s   c o s t   r e l a t i v e  

to   o t h e r   t r e a t m e n t   m e t h o d s .  

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

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

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

15  m a j o r   d i s a d v a n t a g e s .   As  i n d i c a t e d   a b o v e ,   t h e   h i g h  

t e m p e r a t u r e ,   h i g h   p r e s s u r e   r e q u i r e m e n t s   make  t h e s e  

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

t h e   p r o c e s s e s   i s   e x p e n s i v e   and  r e q u i r e s   w a t e r   f o r   i t s  

p r o d u c t i o n .   F u r t h e r   p r o c e s s i n g   of   t h e   b y p r o d u c t s  

20  p r o d u c e d ,   s u c h   as  h y d r o g e n   s u l f i d e ,   w h i c h   i s   h i g h l y  

t o x i c ,   and  ammonia   a l s o   c o n t r i b u t e   to  t h e   e x p e n s e   o f  

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

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

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

25  e x p e n s e   i n   t h e   p r o c e s s .   A l l   of   t h e s e   f a c t o r s   r e s u l t   i n  

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

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

r e m o v e   s e d i m e n t   p r e c u r s o r s   s u c h   as  b e n z e n t h i o l ,  

m e r c a p t a n   s u l f u r ,   H2S,  a c i d s   and  p h e n o l s   f rom  m i d d l e  

3q  d i s t i l l a t e s .   A l t h o u g h   c a u s t i c   s c r u b b i n g   i s   o f t e n  

e f f e c t i v e ,   i t   r e m o v e s   l i t t l e   s u l f u r ,   i t   d o e s   n o t  

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

p r o d u c t   in   a l l   c a s e s ,   and  c a n n o t ,   f o r   e x a m p l e ,   r e m o v e  
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r i   i i iv -Luyeu   i m p u r i t i e s .   xne  d i s a d v a n t a g e s   o f  
c a u s t i c   t r e a t i n g   i n c l u d e   c o s t   of   m a i n t a i n i n g   c a u s t i c  
s t r e n g t h ,   d i s p o s a l   of   s p e n t   c a u s t i c   and  l o s s   of  p r o d u c t  
by  e x t r a c t i o n .  

5  Many  t y p e s   of  c h e m i c a l   a d d i t i v e s   a r e   c u r r e n t l y  
u s e d   to   i m p r o v e   m i d d l e   d i s t i l l a t e   f u e l   q u a l i t y ,   a l o n e  
or   in   c o m b i n a t i o n   w i t h   o t h e r   t r e a t m e n t   t e c h n i q u e s .  
S t a b i l i z e r s   g e n e r a l l y   p r o v i d e   b a s i c i t y   w i t h o u t  
i n i t i a l l y   e n t e r i n g   i n t o   an  o r g a n i c   a c i d - b a s e   r e a c t i o n  

10  to   form  a  s a l t .   A n t i o x i d a n t s   p e r f o r m   t h e   same  f u n c t i o n  
w i t h   t h e r m a l l y   d e r i v e d   d i s t i l l a t e s   as  t h e y   do  f o r  
g a s o l i n e s .   U n s a t u r a t e s   p r o v i d e   f r e e   r a d i c a l   p r e c u r s o r s  
t h a t   can   e n t e r   i n t o   any  of  s e v e r a l   s e d i m e n t   f o r m i n g  
r e a c t i o n s ,   b u t   t h e s e   r e a c t i o n s   a r e   i n t e r r u p t e d   by  t h e  

5  p r e s e n c e   of   an  a n t i o x i d a n t .   Once  s e d i m e n t   s t a r t s   t o  
f o r m ,   h o w e v e r ,   s t a b i l i z e r s   a r e   l e s s   e f f e c t i v e   a n d  
d i s p e r s a n t   t y p e   a d d i t i v e s   a r e   u s e d ,   w h i c h   c a u s e  
d i s a s s o c i a t i o n   of   a g g l o m e r a t e d   s e d i m e n t   p a r t i c l e s   a s  
w e l l   as  p r e v e n t i n g   a g g l o m e r a t i o n .  

0  B e c a u s e   of   t h e   c u r r e n t   e c o n o m i c   r e q u i r e m e n t   o f  
c u t t i n g   d e e p e r   i n t o   t h e   b a r r e l ,   and  t h e   d e s i r a b i l i t y   o f  
b l e n d i n g   u n c r a c k e d   w i t h   c a t a l y t i c a l l y   c r a c k e d   s t o c k s   t o  
p r o d u c e   d i e s e l   f u e l s ,   a l t e r n a t i v e   m e t h o d s   of   u p g r a d i n g  
d i e s e l   f u e l   to   m e e t   t h e   a b o v e   s p e c i f i c a t i o n s   a r e   n o w  

5  p a r t i c u l a r l y   i m p o r t a n t .  

In  t h e   p e t r o l e u m   i n d u s t r y ,   s o l v e n t   e x t r a c t i o n s  
h a v e   o f t e n   b e e n   u s e d   to  r e m o v e   s u l f u r   a n d / o r   n i t r o g e n  
c o m p o u n d s   f rom  p e t r o l e u m   d i s t i l l a t e s   and  s y n f u e l s ,   t h e  
e x t r a c t   o i l   and  s o l v e n t   t h e n   b e i n g   s e p a r a t e d   b y  

j  d i s t i l l a t i o n .   In  g e n e r a l ,   h o w e v e r ,   s o l v e n t   e x t r a c t i o n  
of  p e t r o l e u m   p r o d u c t s   to  r e m o v e   s u l f u r   i n v o l v e s   a  l a r g e  
l o s s   of  o i l   y i e l d   and  h i g h   s o l v e n t - t o - o i l   r a t i o ,   a n d  
p r o v i d e s   o n l y   l i m i t e d   s u l f u r   r e m o v a l .  
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A  m e t h o d   of   i n c r e a s i n g   c e t a n e   n u m b e r   h a s   l o n g   b e e n  

s o u g h t   in   t h e   a r t ,   and  i t   i s   g e n e r a l l y   known  t h a t   t h e  

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

b o t h   a r o m a t i c   and  p a r a f f i n i c   c o n s t i t u e n t s   can   b e  

5  i m p r o v e d   by  r e m o v i n g   t h e   a r o m a t i c   c o m p o n e n t   to   i n c r e a s e  

t h e   c o n c e n t r a t i o n   of   p a r a f f i n s ,   e . g . ,   by  s o l v e n t  

e x t r a c t i o n .  

I t   h a s   l o n g   b e e n   known  t h a t   t h e   c e t a n e   n u m b e r   o f  

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

10  n i t r o g e n - c o n t a i n i n g   f u e l   a d d i t i v e ,   or   by  n i t r o g e n a t i o n  

w i t h   a  n i t r o g e n o u s   o x i d i z i n g   a g e n t .   F u e l   o i l s   in   t h e  

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

s u c h   as  p o u r   p o i n t ,   c l o u d   p o i n t ,   v i s c o s i t y   and  v o l a -  

t i l i t y   can   be  o b t a i n e d   by  n i t r o g e n a t i n g   t h e   d i e s e l  

15  f r a c t i o n   in   o r d e r   to   i n c r e a s e   t h e   c e t a n e   n u m b e r .  

H o w e v e r ,   i t   i s   w e l l   known  t h a t   t h e   n i t r o g e n a t i o n   o f  

s u c h   f u e l   o i l s   t e n d s   to   i n c r e a s e   t h e   R a m s b o t t o m   c a r b o n  

c o n t e n t   and  to  d e c r e a s e   t h e   s t a b i l i t y   of  t h e   o i l s   b y  

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

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

s t o r a g e .   W h i l e   many  a t t e m p t s   to   e l i m i n a t e   t h e  

d i s a d v a n t a g e   of   p o o r   s t a b i l i t y   c h a r a c t e r i s t i c s   h a v e  

b e e n   made  and  s o l v e n t   e x t r a c t i o n ,   i n c l u d i n g   c a u s t i c  

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

25  c o n v e n t i o n a l   s o l v e n t   e x t r a c t i o n   has   p r o v e n   i n s u f f i c i e n t  

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

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

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

The  i n v e n t i o n   d e s c r i b e d   and  c l a i m e d   h e r e i n   i s  

30  d i r e c t e d   to  a  p r o c e s s   f o r   u p g r a d i n g   a  d i e s e l   f u e l   b y  

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

i n c r e a s i n g   c e t a n e   r a t i n g ,   r e d u c i n g   R a m s b o t t o m   c a r b o n  

and  i n s t a b i l i t y - c a u s i n g   c o m p o u n d s   u s i n g   a n  
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o x x a a t i o n / e x t r a c t i o n / s e p a r a t i o n   a p p r o a c h   in   c o n t r a s t   t o  
t h e   g e n e r a l l y   u s e d   c a t a l y t i c   h y d r o g e n a t i o n ,   c a u s t i c  
s c r u b b i n g   and  c h e m i c a l   a d d i t i v e   a p p r o a c h e s   c o n v e n -  
t i o n a l l y   p r a c t i c e d .  

5  A l t h o u g h   v a r i o u s   p r o c e s s e s   f o r   t r e a t i n g   p e t r o l e u m  
f r a c t i o n s   by  o x i d a t i o n   or  e x t r a c t i o n   a r e   known,   n o  
s a t i s f a c t o r y   m e t h o d   h a s   b e e n   d i s c o v e r e d   f o r   u p g r a d i n g   a  
s u b s t a n d a r d   d i e s e l   o i l   f u e l   s t o c k   and  s i m u l t a n e o u s l y  
r e m o v i n g   s u l f u r ,   i n c r e a s i n g   c e t a n e   n u m b e r   and  i m p r o v i n g  

10  s t a b i l i t y   and  R a m s b o t t o m   c a r b o n   of   t h e   r e s u l t i n g   f u e l .  
N i t r o g e n   t r e a t m e n t   w i t h o u t   e x t r a c t i o n   u s i n g   n i t r i c  

a c i d s   was  i n v e s t i g a t e d   as  e a r l y   as  1893  ( a s   d i s c l o s e d  
in   U.S .   P a t e n t   No.  5 0 8 , 4 7 9 )   and  a  p r o c e s s   i s   d e s c r i b e d  
in  U.S .   P a t e n t   No.  5 4 2 , 8 4 9 ,   i s s u e d   in   1895 ,   w h i c h  

15  i n v o l v e s   t h e   o x i d a t i o n   of   p e t r o l e u m   s t o c k s   u s i n g  
n i t r o u s   a c i d   f u m e s .   U .S .   P a t e n t   No.  5 2 2 , 0 2 8   d i s c l o s e s  
r e m o v i n g   s u l f u r   f rom  i l l u m i n a t i n g   o i l s   by  c o n t a c t i n g  
o i l   w i t h   o x i d i z i n g   n i t r o g e n o u s   c o m p o u n d s   and  d i s t i l l i n g  
in   t h e   p r e s e n c e   of  s u l f u r i c   a c i d .   T h i s   p r o c e s s ,  

20  h o w e v e r ,   l e a d s   to  f o r m a t i o n   of   c a r b o n a c e o u s   d e p o s i t s   i n  
t h e   s t i l l ,   and  i s   c o m m e r c i a l l y   u n e c o n o m i c a l .   F u r t h e r ,  
U.S .   P a t e n t   No.  1 , 8 6 4 , 5 4 1 ,   i s s u e d   in   1925 ,   d i s c l o s e s  
t h e   o x i d a t i o n   of  o r g a n i c   c o m p o u n d s   by  n i t r o g e n   o x i d e s  
a t   400°  to  500°C  w i t h   c o n t a c t   t i m e s   on  t h e   o r d e r   o f  

25  s e c o n d s ,   t h e   o x i d a t i o n   b e i n g   e i t h e r   h o m o g e n e o u s   o r  
c a t a l y t i c   u s i n g   c o p p e r   and  s i l v e r   c a t a l y s t s .   U . S .  
P a t e n t   No.  1 , 9 3 3 , 7 4 8   d e s c r i b e s   u s i n g   n i t r o g e n   o x i d e s   t o  
r e m o v e   s u l f u r   c o m p o u n d s   f rom  c r a c k e d   p e t r o l e u m   s t o c k s  
a t   150  to  350°F   f o l l o w e d   by  t h e   u s e   of  s u l f u r i c   a c i d  

30  f o r   e x t r a c t i o n ,   and  U.S .   P a t e n t   No.  1 , 9 3 5 , 2 0 7   d i s c l o s e s  
a  s i m i l a r   p r o c e s s   w i t h   i m p r o v e d   r e s u l t s   o b t a i n e d   b y  
c a r r y i n g   o u t   t he   o x i d a t i o n   u s i n g   n i t r o g e n   o x i d e s   in  t h e  
p r e s e n c e   of  s u l f u r i c   a c i d   a t   a  t e m p e r a t u r e   b e l o w   3 0 ° C .  
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The  u s e   of   n i t r i c   and  a c e t i c   a c i d ,   f o l l o w e d   by  s u l f u r i c  

a c i d ,   to   i m p r o v e   c o l o r   and  o d o r   and  to   r e m o v e   s u l f u r  

f r o m   c r a c k e d   d i s t i l l a t e   s t o c k s   i s   d i s c l o s e d   in   U . S .  

P a t e n t   No.  2 , 0 2 7 , 6 4 8 .   A l t h o u g h   n i t r i c   a c i d   t r e a t m e n t  

5  f o l l o w e d   by  s u l f u r i c   a c i d   w i l l   r e m o v e   o d o r   and  s u l f u r  

and  w i l l   i m p r o v e   c o l o r ,   i t   w i l l   n o t   s a t i s f a c t o r i l y  

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

s u l f u r i c   a c i d   u s a g e   and  c e t a n e   l o s s .   The  d e s u l f u r i z a -  

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

10  c o m b i n a t i o n   w i t h   a i r   and  n i t r o s y l   s u l f u r i c   a c i d   i s  

d i s c l o s e d   in   U.S .   P a t e n t   No.  3 , 2 9 4 , 6 7 7 .  

U .S .   P a t e n t   No.  2 , 0 0 9 , 8 9 8   d e s c r i b e s   t h e   t r e a t m e n t  

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

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

15  c l a y - t r e a t m e n t   of   t h e   p r o d u c t   to   a c h i e v e   a  r e d u c t i o n   i n  

s u l f u r   c o n t e n t .   T h i s   p r o c e s s ,   h o w e v e r ,   r e q u i r e s   t h e  

u s e   o f   u n e c o n o m i c a l   q u a n t i t i e s   of   c l a y   to   m e e t   p r o d u c t  

s p e c i f i c a t i o n s .   U .S .   P a t e n t   No.  2 , 8 2 5 , 7 4 4   d i s c l o s e s   a  

s i m i l a r   p r o c e s s   o p e r a t e d   in   t h e   v a p o r   p h a s e   a t  

20  t e m p e r a t u r e s   l e s s   t h a n   200°C   to  p r o d u c e   low  m o l e c u l a r  

w e i g h t   s u l f o x i d e s .   U .S .   P a t e n t   No.  3 , 8 2 4 , 3 4 2   d i s c l o s e s  

o x i d a t i o n   of   r e s i d u e   u s i n g   a  n u m b e r   of   o x i d a n t s  

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

to   r e d u c e   t h e   s u l f u r   c o n t e n t   of   t h e   r e s i d u e ,   in   w h i c h  

25  b o t h   s t e p s   can   be  p r o m o t e d   w i t h   c a t a l y s t s .   When  

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

s u b s t a n t i a l   c a r b o n a c e o u s   d e p o s i t s   in   t h e   t h e r m a l  

t r e a t i n g   s t i l l ,   and  i s   u n s a t i s f a c t o r y   f o r   c o m m e r c i a l  

u s e .   A  p r o c e s s   o f   d e o d o r i z i n g   and  d e s u l f u r i z i n g   l i g h t  

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

d i o x i d e   f o l l o w e d   by  a  c a u s t i c   wash   and  w a t e r   wash   i s  

d i s c l o s e d   in   U .S .   P a t e n t   No.  3 , 2 6 7 , 0 2 7 .   T h i s   p r o c e s s  
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i s   u n s u i t a b l e   f o r   p r o d u c i n g   d i e s e l   f u e l s   of   a c c e p t a b l e  
s t a b i l i t y   and  R a m s b o t t o m   c a r b o n   c o n t e n t .  

U .S .   P a t e n t   No.  3 , 1 6 3 , 5 9 3   d e s c r i b e s   a  p r o c e s s  
u s i n g   a  n u m b e r   of  d i f f e r e n t   o x i d a n t s ,   i n c l u d i n g  

5  n i t r o g e n   d i o x i d e s ,   to  t r e a t   vacuum  r e s i d u e s ,   r e s i d u e s  
f rom  c r a c k i n g   p r o c e s s e s ,   o i l   f rom  t a r   s a n d s   and  o i l  
s h a l e   f o l l o w e d   by  t h e r m a l   d e c o m p o s i t i o n   a t   350°C  t o  
400°C  to  p r o d u c e   v o l a t i l e   s u l f u r   c o m p o u n d s   and  l o w  
s u l f u r   o i l .   The  d i s c l o s u r e   in   t h i s   p a t e n t   i s   t h a t   a n  

10  a l k a l i n e   m a t e r i a l   s u c h   as  d o l o m i t e   or  l i m e   can   be  u s e d  
to  a c c e l e r a t e   t h e   p r o c e s s .  

The  u s e   of  a i r   as  an  o x i d i z i n g   a g e n t   f o r   t h e r m a l l y  
d e c o m p o s e d   r e s i d u e s ,   a l o n g   w i t h   Group   VA  and  Group   V I I I  
m e t a l   c a t a l y s t s ,   as  an  a l t e r n a t i v e   to  n i t r o g e n   o x i d e s ,  

15  f o l l o w e d   by  h y d r o d e s u l f u r i z a t i o n   i s   d i s c l o s e d   in  U . S .  
P a t e n t   No.  3 , 3 4 1 , 4 4 8 .   A  d i s c l o s e d   a d v a n t a g e   of  t h i s  

p r o c e d u r e   i s   a  h i g h e r   d e g r e e   of  d e s u l f u r i z a t i o n   a t  

c o m p a r a b l e   c o n d i t i o n s   t h a n   t h a t   a f f o r d e d   w i t h  
h y d r o t r e a t i n g   a l o n e .   U .S .   P a t e n t   No.  3 , 2 4 4 , 6 1 8  

20  d i s c l o s e s   a  p r o c e s s   f o r   s w e e t e n i n g   p e t r o l e u m  
h y d r o c a r b o n s   by  t r e a t i n g   t h e   h y d r o c a r b o n   ' . f r a c t i o n   w i t h  
m o l e c u l a r   o x y g e n   in  t h e   p r e s e n c e   of   a  c a t a l y t i c   a m o u n t  
of   a  n i t r o g e n   o x i d e .   A p p l i c a t i o n   of  t h i s   p r o c e s s   t o  
d i e s e l   f u e l   r e s u l t s   in   a  p r o d u c t   of  u n a c c e p t a b l e  

?5  s t a b i l i t y   and  R a m s b o t t o m   c a r b o n   c o n t e n t .  

U .S .   P a t e n t   No.  2 , 0 0 4 , 8 4 9   d i s c l o s e s   t he   use   of  a n  
o x i d a n t ,   h y d r o g e n   p e r o x i d e ,   in  c o m b i n a t i o n   w i t h  
s u l f u r i c   a c i d   to  e f f e c t   s u l f u r   r e m o v a l   f r o m  

h y d r o c a r b o n s ,   w i t h o u t   s u b s t a n t i a l   l o s s   of  a r o m a t i c s .  
*0  H o w e v e r ,   t h i s   p r o c e s s   i s   i n e f f e c t i v e   f o r   i m p r o v i n g  

c e t a n e   of  d i e s e l   f u e l ,   and  w o u l d   n o t   p r o v i d e   a  y i e l d  
e n h a n c e m e n t   upon   e x t r a c t i o n .  
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T h e s e   m e t h o d s   h a v e   g e n e r a l l y   e m p l o y e d   n i t r o g e n   o r  
o x i d a t i o n   t r e a t m e n t   f o r   p u r i f i c a t i o n   or   d e s u l f u r i z a t i o n  

of   o i l s ,   b u t   i t   h a s   a l s o   b e e n   known  t h a t   t h e   c e t a n e  

n u m b e r   of   d i e s e l   f u e l s   can   be  i n c r e a s e d   by  a d d i n g  

5  v a r i o u s   n i t r a t e d   h y d r o c a r b o n   d e r i v a t i v e s   to   t h e   f u e l s ,  

i n c l u d i n g   amyl  n i t r a t e ,   o c t y l   n i t r a t e ,   and  t h e   n i t r i c  

e s t e r   " d o p e s "   d i s c l o s e d   in   B r i t i s h   P a t e n t   No.  4 9 1 , 6 4 8 .  

O t h e r   n i t r o g e n - c o n t a i n i n g   a d d i t i v e s   f o r   i m p r o v i n g  

c e t a n e   a r e   d i s c l o s e d   in   U.S .   P a t e n t   No.  4 , 3 9 8 , 5 0 5 .  

10  R e g a r d i n g   t h e   u s e   of   n i t r a t i o n   to  i m p r o v e   t h e  

c e t a n e   n u m b e r   of   d i e s e l   f u e l s ,   B r i t i s h   P a t e n t  

No.  4 9 1 , 6 4 8   t e a c h e s   c o n t a c t i n g   a  d i e s e l   f u e l   w i t h   a  

n i t r a t i n g   a g e n t   in   o r d e r   to   i n c r e a s e   i t s   c e t a n e   n u m b e r .  

E x t r a c t i o n   w i t h   s o l v e n t s   i n c l u d i n g   a c e t o n e ,   m e t h y l   a n d  

15  e t h y l   a l c o h o l s ,   e t h y l e n e   d i c h l o r i d e   and  a n i l i n e   i s  

d e s c r i b e d   f o r   o b t a i n i n g   c o n c e n t r a t e s   o f   n i t r a t e d  

p e t r o l e u m   c o m p o n e n t s .   H o w e v e r ,   by  c o n t a c t i n g   a  d i e s e l  

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

R a m s b o t t o m   c a r b o n   i s   i n c r e a s e d ,   and  p o o r   p r o c e s s   y i e l d s  

20  and   l o s s   of   c e t a n e   r a t i n g   a r e   e n c o u n t e r e d   when  t h e  

p r o d u c t   i s   e x t r a c t e d   u s i n g   t h e   s o l v e n t s   d i s c l o s e d .  

U .S .   P a t e n t   No.  3 , 1 3 5 , 6 8 0   d i s c l o s e s   t h e   u s e   o f  

o x i d a t i o n   by  n i t r o g e n   d i o x i d e   f o l l o w e d   by  w a s h i n g   w i t h  

w a t e r   and  a l k a l i ,   to  d e s u l f u r i z e   d i e s e l   f u e l   o i l s   a n d  

25  i m p r o v e   c e t a n e .   The  p r o d u c t   o b t a i n e d ,   h o w e v e r ,   t e n d s  

to  h a v e   an  o b j e c t i o n a b l e   c o l o r   r e s u l t i n g   f rom  t h e  

n i t r o g e n   d i o x i d e   t r e a t m e n t ,   and  s u b s e q u e n t   s u l f u r i c  

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

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

30  r e d u c e s   o r   e l i m i n a t e s   t h e   i n c r e a s e   in   c e t a n e   n u m b e r .  

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

of   t h i s   p r o c e s s   f o r m s   s u b s t a n t i a l   coke   in  t h e   s t i l l  

u p o n   d i s t i l l a t i o n .   In  U.S .   P a t e n t   No.  3 , 1 6 4 , 5 4 6   a  
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p r o c e s s   i s   a e s c r i o e a   t o r   p r o d u c i n g   d i e s e l   f u e l s   h a v i n g  
i m p r o v e d   c e t a n e   n u m b e r   and  o d o r ,   by  t r e a t i n g   t he   o i l  
w i t h   n i t r o g e n   d i o x i d e ,   w a s h i n g   w i t h   a q u e o u s   c a u s t i c  
a n d / o r   s o l v e n t   e x t r a c t i o n ,   f o l l o w e d   by  a  w a t e r   w a s h .  

5  S o l v e n t s   d i s c l o s e d   as  s u i t a b l e   f o r   t h e   s o l v e n t  
e x t r a c t i o n   s t e p   a r e   n i t r o m e t h a n e ,   d i m e t h y l f o r m a m i d e ,  
p y r i d i n e ,   a c e t o n i t r i l e ,   g l y c o l o n i t r i l e ,   e t h y l e n e  
g l y c o l ,   e t h a n o l a m i n e   and  p h e n o l .   No  r e f e r e n c e   i s   m a d e ,  
h o w e v e r ,   to  t h e   i m p o r t a n t   s t a b i l i t y   and  R a m s b o t t o m  

10  c a r b o n   c o n t e n t   s p e c i f i c a t i o n s ,   w h i c h   a r e   by  f a r   t h e  
mos t   d i f f i c u l t   p r o d u c t   s p e c i f i c a t i o n s   to   mee t   w h e n  
e m p l o y i n g   n i t r o g e n o u s   t r e a t i n g   a g e n t s .   The  p r o c e s s .   i s  
e x e m p l i f i e d   o n l y   a t   low  c e t a n e   e n h a n c e m e n t   l e v e l s ,  
w h i c h   i s   d i s a d v a n t a g e o u s .  

15  Wi th   r e s p e c t   to  i m p r o v i n g   p r o d u c t   s t a b i l i t y   b y  
o x i d i z i n g   a  p e t r o l e u m   s t o c k ,   U .S .   P a t e n t   No.  2 , 0 8 3 , 2 5 3  
d i s c l o s e s   t h e   u s e   of   a  b i c h r o m a t e   o x i d i z i n g   a g e n t  
f o l l o w e d   by  a  s u l f u r i c   a c i d   t r e a t m e n t   to  r e m o v e  
p o l y m e r s   and  gums.   T h i s   p r o c e s s   d o e s   n o t   e n h a n c e  

!0  c e t a n e   r a t i n g ,   and  t h e   p r o d u c t   d o e s   n o t   h a v e   t h e  
i n s t a b i l i t y   c h a r a c t e r i s t i c s   of  n i t r a t e d   p r o d u c t s   w h i c h  
a r e   i m p r o v e d   by  t h e   e x t r a c t i o n   s t e p   of  t h e   p r e s e n t  
i n v e n t i o n .   U .S .   P a t e n t   No.  2 , 3 3 3 , 8 1 7   d i s c l o s e s  
o x i d a t i o n   of  d i e s e l   f u e l   o i l s   by  n i t r o g e n o u s   c o m p o u n d s  

5  f o l l o w e d   by  h e x a n e   d i l u t i o n   and  f i l t e r i n g   to  i m p r o v e  
c e t a n e   and  p r e v e n t   s e d i m e n t   f o r m a t i o n .   Such  a  p r o d u c t  
d o e s   n o t   p a s s   p r e s e n t - d a y   i n d u s t r y   s t a n d a r d s   f o r  
s t a b i l i t y   ( a l t h o u g h   h a z e   f o r m a t i o n   i s   r e d u c e d )   and  i t  
d o e s   n o t   m e e t   R a m s b o t t o m   c a r b o n   s p e c i f i c a t i o n s .  

0  T e c h n i q u e s   i n c l u d i n g   an  e x t r a c t i o n   s t e p   f o r  
t r e a t m e n t   of  p e t r o l e u m   p r o d u c t s ,   w i t h o u t   a  p r i o r  
o x i d a t i o n   s t e p   as  r e q u i r e d   in  t h e   p r e s e n t   i n v e n t i o n ,  
a r e   a l s o   known,   e . g . ,   f o r   r e m o v a l   of  s u l f u r   i m p u r i t i e s .  
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F o r   e x a m p l e ,   U .S .   P a t e n t   No.  2 , l l 4 , 8 b Z   d i s c l o s e s   a  

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

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

as  an  i m p u r i t y   to   o b t a i n   h y d r o c a r b o n   f r a c t i o n s ,  

>  e x t r a c t i n g   t h e   p r o d u c t   o b t a i n e d   w i t h   s o l v e n t s   to  r e m o v e  

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

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

e x t r a c t .  

W i t h   r e s p e c t   to   s u c h   e x t r a c t i n g   s o l v e n t s ,   U . S .  

10  P a t e n t   No.  2 , 1 1 4 , 8 5 2   d i s c l o s e s   a  p r e f e r e n c e   f o r  

s o l v e n t s   w i t h   b o i l i n g   p o i n t s   no  more   t h a n   80°C  b e l o w  

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

m i x t u r e   to   i m p r o v e   f r a c t i o n a t i o n .   I . N .   D i y a r o v ,   K h i m .  

T e k h n o l .   T o p i .   M a s e l ,   ( 5 ) ,   p a g e s   1 4 - 1 6   ( 1 9 7 8 )   d i s c l o s e s  

15  t r e a t m e n t   of   d i e s e l   f u e l   w i t h   e t h y l e n e   c h l o r o h y d r i n  

m i x e d   w i t h   w a t e r ,   and  Yu.  E.  N i k i t i n ,   Nef  t e k h i m i y a .   1 6 ,  

( 6 ) ,   p a g e s   9 1 7 - 9 2 0   ( 1 9 7 6 )   d e s c r i b e s   a  c o m p a r i s o n   o f  

e x t r a c t i o n   of   s u l f o x i d e s   f rom  d i e s e l   f u e l   u s i n g   c i t r i c  

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

20  t i m e s   more   e f f i c i e n t   t h a n   t a r t a r i c   a c i d   in   t h e  

e x t r a c t i o n   of  s u l f o x i d e s .   An  a q u e o u s   s o l u t i o n   of   \ 

q u a r t e r n a r y   ammonium  c o m p o u n d s   i s   d i s c l o s e d   in   J a p a n e s e  

P a t e n t   A p p l i c a t i o n   (OPI)   No.  7 4 - 3 0 4 0 1   as  s u i t a b l e   f o r  

t r e a t i n g   d i e s e l   f u e l   o i l .   F u r t h e r ,   U .S .   P a t e n t  

25  No.  4 , 1 1 3 , 6 0 7   d e s c r i b e s   t h e   u s e   of  f e r r i c   c h l o r i d e   a n d  

f u r f u r a l   as  an  e f f e c t i v e   s o l v e n t   in   r e d u c i n g   t h e  

n i t r o g e n   c o n t e n t   in   h y d r o g e n a t e d   o i l s   and  U.S .   P a t e n t  

No.  3 , 8 0 4 , 7 4 9   d i s c l o s e s   u s i n g   a  c o m p l e x   of  b o r o n  

t r i f l u o r i d e   in   a  p e t r o l e u m   i m m i s c i b l e   s o l v e n t   to  r e m o v e  

30  s u l f u r   i n   o i l .   U .S .   P a t e n t   No.  1 , 9 7 1 , 7 5 3   r e l a t e s   t o  

t h e   u s e   of   s o l v e n t   e x t r a c t i o n   to  r e d u c e   s u l f u r   c o n t e n t  

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

and   amyl  a m i n e s .   T h e s e   s o l v e n t s   a r e   e i t h e r   n o t  
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e i x e c x i v e   in   t n e   p r o c e s s   a c c o r d i n g   to  t h e   p r e s e n t  
i n v e n t i o n   or  t h e   i m p o r t a n c e   of   an  o x i d a t i o n   s t e p   a n d  
i t s   e f f e c t   on  o t h e r   i m p o r t a n t   p r o d u c t   p r o p e r t i e s   a r e  
n o t   d i s c l o s e d .   U.S .   P a t e n t   No.  2 , 6 0 8 , 5 1 9   d i s c l o s e s  

5  d i m e t h y l   f o r m a m i d e   ( w i t h   l e s s   t h a n   25%  w a t e r )   f o r  
e x t r a c t i o n   to  r e m o v e   s u l f u r   and  a r o m a t i c s   f rom  h i g h l y  
o l e f i n i c   n a p h t h a s ,   w i t h o u t   e x t r a c t i n g   o l e f i n s .  

I m p r o v e m e n t   of   c e t a n e   by  s o l v e n t   e x t r a c t i o n  
m e t h o d s ,   w i t h o u t   p r e v i o u s   o x i d a t i o n ,   i s   d i s c l o s e d   i n  

10  U .S .   P a t e n t   No.  2 , 3 6 1 , 0 8 0 ,   w h i c h   d e s c r i b e s   t h e   u se   o f  
n i t r o m e t h a n e ,   n i t r o p a r a f   f  i n - S 0 2   ,  b e n z o l - a c e t o n e ,  
f u r f u r a l ,   m e t h y l   e t h y l   k e t o n e ,   l i q u i f i e d   s u l f u r  
d i o x i d e ,   b e n z o l - S 0 2   and  c h l o r e x   as  s u i t a b l e   s o l v e n t s   t o  
e x t r a c t   a r o m a t i c s   f rom  c a t a l y t i c   c y c l e   s t o c k ,   t o  

15  t h e r e b y   i m p r o v e   c e t a n e   r a t i n g .   The  y i e l d s   f rom  t h i s  
p r o c e s s   a r e   u n e c o n o m i c a l l y   low,  and  t h e r e   i s   n o  
d i s c l o s u r e   of  t h e   y i e l d   e n h a n c e m e n t   o b t a i n e d   b y  
n i t r o g e n o u s   o x i d a t i o n ,   c o u p l e d   w i t h   s p e c i f i c   s o l v e n t s  
w h i c h   a l s o   c o n t r o l   o t h e r   i m p o r t a n t   p r o p e r t i e s ,   s u c h   a s  

>0  s t a b i l i t y   and  R a m s b o t t o m   c a r b o n ,   n o t   n o r m a l l y  
c o n t r o l l e d   w i t h   n i t r o g e n o u s   o x i d a t i o n .   * 

S e l e c t i v e   s o l v e n t   e x t r a c t i o n   to  r e m o v e   a r o m a t i c  
c o m p o n e n t s   of  p e t r o l e u m   d i s t i l l a t e s   i s   w e l l   k n o w n .  

U .S .   P a t e n t   No.  3 , 3 1 7 , 4 2 3   d i s c l o s e s   p r e p a r a t i o n   o f  

>5  a  c a r b o n   b l a c k   f e e d s t o c k   by  a r o m a t i c s   e x t r a c t i o n   of  a  
h e a v y   ( 5 0 0 ° F + )   h y d r o c a r b o n   u s i n g   a  d u a l   s o l v e n t   o f  
f u r f u r a l   and  a  p a r a f f i n i c   h y d r o c a r b o n .   P r e p a r a t i o n   o f  
an  a r o m a t i c   c a r b o n   b l a c k   f e e d s t o c k   in  a  two-   s t a g e  
s o l v e n t   e x t r a c t i o n   p r o c e s s   u s i n g   f u r f u r a l ,   p h e n o l ,  

;q  l i q u i d   s u l f u r   d i o x i d e   or  g l y c o l   e t h e r s   i s   d i s c l o s e d   i n  
U .S .   P a t e n t   No.  3 , 3 4 9 , 0 2 8 ,   in  w h i c h   R a m s b o t t o m   c a r b o n  
i s   a l s o   e x t r a c t e d .   U.S.   P a t e n t   No.  3 , 4 1 5 , 7 4 3   d i s c l o s e s  
t h e   e x t r a c t i o n   of  h e a v y   a r o m a t i c s   and  h e a v y   a l i p h a t i c s  
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f rom  c y c l e   o i l   i n   a  t w o -   s t a g e   p r o c e s s   u s i n g   d i m e t h y l  

f o r m a m i d e   (5  to   18%  w a t e r )   and  x y l e n e   in   t h e   f i r s t  

s t a g e .   U .S .   P a t e n t   No.  3 , 5 4 6 , 1 0 8   d i s c l o s e s   a  f u r -  

f u r a l / d i m e t h y l   f o r r a a m i d e / w a t e r   m i x e d   s o l v e n t   u s e d   f o r  

5  t h e   e x t r a c t i o n   of   a r o m a t i c s   f rom  gas   o i l s   and  U . S .  

P a t e n t   No.  2 , 1 3 7 , 2 0 6   a l s o   r e l a t e s   to  a  m e t h o d   f o r  

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

to   a p p r e c i a t e   t h e   i m p o r t a n c e   of   t r e a t m e n t   p r i o r   t o  

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

10  e n h a n c e m e n t   o b t a i n e d   t h e r e b y ,   or  t h e   c o n t r o l   of   o t h e r  

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

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

n i t r o g e n   t r e a t m e n t   and  e x t r a c t i o n   w i t h   s e l e c t e d  

s o l v e n t s   in   t h e   p r e s e n t   i n v e n t i o n .  

15  In  U.S .   P a t e n t   No.  3 , 1 6 9 , 9 9 8 ,   t h e   s e l e c t i v e  

s e p a r a t i o n   of   a r o m a t i c   h y d r o c a r b o n s   f rom  o l e f i n i c  

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

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

h y d r o c a r b o n s   i s   d i s c l o s e d   u s i n g   l i q u i d   g a m m a - b u t y r o l a c -  

20  t o n e   as  a  s o l v e n t .   Amine  s u l f o n a t e   s o l v e n t s   f o r  

e x t r a c t i o n   of   a t o m a t i c   f e e d s t o c k s   a r e   d i s c l o s e d   in   U . S .  

P a t e n t   No.  2 , 5 2 2 , 6 1 8 .  

U .S .   P a t e n t   No.  3 , 5 3 9 , 5 0 4   d e s c r i b e s   p r o d u c t i o n   o f  

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

25  b u r n i n g   and  c o l o r   c h a r a c t e r i s t i c s   by  a  t e m p e r a t u r e  

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

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

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

30  d e s c r i b e d   f o r   v a r i o u s   p u r p o s e s .   For   e x a m p l e ,  

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

o i l s   to   p r o d u c e   s u l f o x i d e s   and  s u l f o n e s   a r e   d i s c l o s e d  

in   U . S .   P a t e n t   No.  2 , 8 2 5 , 7 4 4 ,   B r i t i s h   P a t e n t  
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No.  4 4 2 , 5 2 4 ,   U.S .   P a t e n t   No.  2 , 7 0 2 , 8 2 4 ,   and  U.S .   P a t e n t  

No.  2 , 9 2 5 , 4 4 2 .  

F u r t h e r ,   U .S .   P a t e n t   Nos.   3 , 8 4 7 , 8 0 0   and  3 , 9 1 9 , 4 0 2  

d e s c r i b e   t h e   u se   of  n i t r o g e n   o x i d e s   f o l l o w e d   b y  

5  e x t r a c t i o n   by  m e t h a n o l   to   r e m o v e   b o t h   s u l f u r   a n d  

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

U .S .   P a t e n t   No.  4 , 4 8 5 , 0 0 7   d i s c l o s e s   a  p r o c e s s   f o r  

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

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

10  i m p u r i t i e s ,   s u c h   as  s h a l e   o i l s ,   by  f i r s t   r e a c t i n g   t h e  

h y d r o c a r b o n a c e o u s   o i l   w i t h   an  o x i d i z i n g   gas   c o n t a i n i n g  

n i t r o g e n   o x i d e s   w h i l e   l i m i t i n g   t h e   m o l a r   r a t i o   of  t h e  

n i t r o g e n   o x i d e   to  t h e   t o t a l   s u l f u r   h e t e r o a t o m   c o n t e n t  

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

15  c o n v e r s i o n   of  s u l f u r   h e t e r o a t o m   c o n t e n t   i n t o   g a s e o u s  

s u l f u r   o x i d e s   to  a b o u t   60%  or   l e s s   on  a  w e i g h t   b a s i s ,  

f o l l o w e d   by  e x t r a c t i n g   t h e   o x i d i z e d   o i l   in   one  s t e p  

w i t h   an  amine   s e l e c t e d   f rom  t h e   g r o u p   c o n s i s t i n g   o f  

e t h y l e n e   d i a m i n e ,   m o n o e t h a n o l a m i n e ,   d i e t h a n o l a m i n e   a n d  

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

f o r m i c   a c i d   as  an  e x t r a c t i n g   s o l v e n t .   I t   i s   d i s c l o s e d  

t h a t   t h e   amine   e x t r a c t i n g   s o l v e n t   a c t s   to  r e m o v e   s u l f u r  

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

s o l v e n t   a c t s   to  r e m o v e   n i t r o g e n   i m p u r i t i e s .  

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

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

f o l l o w e d   by  e x t r a c t i o n   w i t h   a c e t o n e ,   m e t h y l   e t h y l  

k e t o n e ,   c y c l o h e x a n o n e ,   m e t h a n o l ,   e t h a n o l ,   n o r m a l  

p r o p a n o l ,   i s o p r o p a n o l ,   e t h y l   a c e t a t e ,   t e t r a h y d r o f u r a n ,  
30  d i o x a n e ,   or  a  c o m b i n a t i o n   of   an  a l c o h o l   and  a  k e t o n e ,  

an  a l c o h o l   and  w a t e r ,   a  k e t o n e   and  w a t e r   or  a  

c o m b i n a t i o n   of  a l c o h o l s   i s   d i s c l o s e d   in  U.S .   P a t e n t  

No.  4 , 2 8 0 , 8 1 8 .  
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A l t h o u g h   t h e   m e t h o d s   d e s c r i b e d   a b o v e   h a v e   met   w i t h  

some  s u c c e s s   in   d e s u l f u r i z i n g   p e t r o l e u m   f u e l s ,   t h e  
known  a p p r o a c h e s   t o w a r d   o x i d a t i o n   to   r e m o v e   a  p o r t i o n  
of   t h e   o r i g i n a l   s u l f u r   c o n t e n t   as  g a s e o u s   s u l f u r  

5  o x i d e s ,   and  to   c o n v e r t   a  p o r t i o n   of   t h e   o r i g i n a l   s u l f u r  
c o n t e n t   i n t o   s u l f o x i d e s   a n d / o r   s u l f o n e s   f o l l o w e d   b y  
e x t r a c t i o n   w i t h   a p p r o p r i a t e   s o l v e n t s   to  a c h i e v e   a  
d e s i r e d   low  s u l f u r   r a f f i n a t e   h a v e   n o t   c o m p l e t e l y  
e l i m i n a t e d   p r o b l e m s .  

10  S i m i l a r l y ,   d i r e c t   e x t r a c t i o n   of   h y d r o c a r b o n a c e o u s  
o i l s   w i t h   s e l e c t e d   s o l v e n t s   to   r e m o v e   s u l f u r   a n d  
n i t r o g e n   i m p u r i t i e s   to   p r o d u c e   a  r a f f i n a t e   w h i c h   i s   l o w  
i n   s u l f u r   c o n t e n t   r e s u l t s   i n   u n e c o n o m i c a l l y   low  y i e l d s  
of   t h e   d e s i r e d   r a f f i n a t e ,   a l o n g   w i t h   r e d u c t i o n s   in   t h e  

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

d i s a d v a n t a g e s   t h a t   (a)   t h e   s o l v e n t s   s e l e c t e d   a r e  
s u i t a b l e   o n l y   f o r   s p e c i f i c   s e l e c t e d   o i l s ;   (b)  t h e  
s o l v e n t s   r e s u l t   in   p o o r   e x t r a c t i o n   y i e l d s   or   t h e y   d o  

20  n o t   p r o v i d e   s u f f i c i e n t   p h a s e   s e p a r a t i o n   to  make  s o l v e n t  
e x t r a c t i o n   p o s s i b l e ;   (c)   u n a c c e p t a b l y   h i g h  
s o l v e n t - t o - o i l   r a t i o s   a r e   r e q u i r e d ,   d e c r e a s i n g   o i l  

y i e l d   and  m a k i n g   t h e   p r o c e s s e s   u n e c o n o m i c a l ;   (d)  t h e y  
r e q u i r e   e x p e n s i v e   c a t a l y s t s   or  e x t r e m e l y   s e v e r e  

25  o x i d i z i n g   c o n d i t i o n s   to   p r o v i d e   s u f f i c i e n t   s u l f u r  

r e m o v a l ;   or   (e)   o x i d a t i v e   d e s u l f u r i z a t i o n   m e t h o d s  

i n v o l v i n g   n i t r o g e n o u s   o x i d i z i n g   a g e n t s   r e s u l t   i n  
i n c r e a s e d   gum  and  s e d i m e n t a t i o n ,   and  r e d u c e   t h e  

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

30  For   t h e s e   r e a s o n s ,   t h e   p r e s e n t   t e c h n o l o g y   f o r  
s u l f u r   r e m o v a l   i n v o l v i n g   o x i d a t i o n   and  s u b s e q u e n t  
e x t r a c t i o n   of   h y d r o c a r b o n a c e o u s   o i l s   n e e d s   g r e a t  
i m p r o v e m e n t   . 
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S i m i l a r l y ,   c o n v e n t i o n a l   m e t h o d s   of   i m p r o v i n g  

d i e s e l   c e t a n e   n u m b e r   by  o x i d a t i o n   w i t h   n i t r o g e n o u s  

o x i d i z i n g   a g e n t s   a r e   i n a d e q u a t e   to   m e e t   o t h e r   p r o d u c t  

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

5  n i t r o g e n o u s   o x i d a t i o n   and  s o l v e n t   e x t r a c t i o n   can   i n  

some  c a s e s   mee t   s u l f u r   and  c e t a n e   r e q u i r e m e n t s   f o r  

f u e l s ,   b u t   a r e   u n s a t i s f a c t o r y   w i t h   r e s p e c t   to  t h e  

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

R a m s b o t t o m   c a r b o n   c o n t e n t .   P r o c e s s e s   e m p l o y i n g  

10  s u l f u r i c   a c i d   in   c o n j u n c t i o n   w i t h   n i t r o g e n o u s   o x i d i z i n g  

a g e n t s   a r e   i n e f f e c t i v e   to  r e t a i n   a  h i g h   c e t a n e   r a t i n g .  

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

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

t h e   s t i l l ,   and  when  t h e r m a l   t r e a t i n g   i s   a p p l i e d   t o  

15  d i e s e l   f u e l   to   r e d u c e   t h e   s u l f u r   c o n t e n t   of   t h e  

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

c a r b o n a c e o u s   d e p o s i t s   in   t h e   t h e r m a l   t r e a t i n g   s t i l l .  

A p a r t   f r om  t h e   f a i l u r e   of  c o n v e n t i o n a l   o x i d a t i v e  

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

20  s u f f i c i e n t   s t a b i l i t y   and  R a m s b o t t o m   c a r b o n   c o n t e n t ,  

t h e s e   m e t h o d s ,   l i k e   t h e   o x i d a t i v e   d e s u U f u r i z a t i o n  

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

r e q u i r i n g   u n a c c e p t a b l y   h i g h   s o l v e n t - t o - o i l   r a t i o s .  

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

25  r e d u c e   or   e n t i r e l y   e l i m i n a t e   t h e   a d v a n t a g e   of  c e t a n e  

e n h a n c e m e n t   o b t a i n e d   by  o x i d a t i o n .  

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

t a i n i n g   c o m p o u n d s   and  i n s t a b i l i t y - c a u s i n g   c o m p o u n d s  

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

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

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

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

p r e v i o u s   a t t e m p t s   to  u p g r a d e   m i d d l e   d i s t i l l a t e   f u e l s   b y  
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o x i d a t i o n ,   s o l v e n t   e x t r a c t i o n   or   a  c o m b i n a t i o n   of   t h e  
two  h a v e   c o n c e n t r a t e d   on  a t   m o s t   one  or  two  p r o d u c t  
c h a r a c t e r i s t i c s ,   and  h a v e   g e n e r a l l y   r e q u i r e d  
s a c r i f i c i n g   p r o d u c t   y i e l d   and  s t a b i l i t y   in   o r d e r   t o  

5  a c h i e v e   p r o d u c t s   of   a c c e p t a b l e   s u l f u r   c o n t e n t   or   i g n i -  
t i o n   p r o p e r t i e s .  

A l t h o u g h   many  d i e s e l   f u e l s   h a v i n g   low  c e t a n e  
r a t i n g s   and  h i g h   s u l f u r   c o n t e n t   m e e t   s t a b i l i t y   a n d  
R a m s b o t t o m   c a r b o n   s p e c i f i c a t i o n s ,   i f   t h e s e   f u e l s   a r e  

10  o x i d i z e d   to   i m p r o v e   c e t a n e   r a t i n g   or   r e d u c e   s u l f u r ,  
R a m s b o t t o m   c a r b o n   and  s t a b i l i t y   b e c o m e   u n a c c e p t a b l e .  

B e c a u s e   of   t h e s e   s i g n i f i c a n t   d i s a d v a n t a g e s ,  
c o n v e n t i o n a l   o x i d a t i o n / e x t r a c t i o n   m e t h o d s   f o r   u p g r a d i n g  
m i d d l e   d i s t i l l a t e s   h a v e   l a r g e l y   b e e n   s u p p l a n t e d   b y  

15  h y d r o   t r e a t m e n t ,   or   by  c h e m i c a l   a d d i t i v e   t r e a t m e n t s   f o r  
i m p r o v i n g   s t a b i l i t y   and  c e t a n e .  

SUMMARY  OF  THE  INVENTION 
One  o b j e c t   of   t h e   p r e s e n t   i n v e n t i o n   i s   a  p r o c e s s  

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

d e c r e a s i n g   s t a b i l i t y   or   i n c r e a s i n g   R a m s b o t t o m   c a r b o n  
c o n t e n t .  

A  s e c o n d   o b j e c t   of   t h e   p r e s e n t   i n v e n t i o n   i s   a  
p r o c e s s   f o r   u p g r a d i n g   d i e s e l   o i l   by  d e c r e a s i n g   s u l f u r  

15  c o n t e n t   and  i m p r o v i n g   s t a b i l i t y .  
A n o t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   i s   a  

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

'0  An  a d d i t i o n a l   o b j e c t   o f   t h e   p r e s e n t   i n v e n t i o n   i s   a  
p r o c e s s   f o r   p r o d u c i n g   a  b l e n d e d   d i e s e l   f u e l   f r o m  
o f f - s p e c i f i c a t i o n   d i e s e l   o i l s   m e e t i n g   i n d u s t r i a l  
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s p e c i f i c a t i o n s   f o r   c e t a n e ,   s u l f u r   c o n t e n t ,   R a m s b o t t o m  

c a r b o n ,   p r o d u c t   s t a b i l i t y   and  p o u r   p o i n t .  
I t   h a s   now  b e e n   d i s c o v e r e d   t h a t   a  d i e s e l   o i l   c a n  

be  i m p r o v e d ,   and  t h e   p r o d u c t i o n   of  d i e s e l   f u e l s   f r o m  

5  s u b s t a n d a r d   or  b l e n d e d   s t o c k s   made  p o s s i b l e ,   by  a  
s i m p l e   and  e c o n o m i c a l   p r o c e s s   of  f i r s t   c o n t a c t i n g   t h e  
d i e s e l   o i l   w i t h   an  o x i d a n t   s e l e c t e d   f rom  t h e   g r o u p  
c o n s i s t i n g   of  o z o n e ,   g a s e o u s   n i t r o g e n   o x i d e s ,   n i t r i c  
a c i d   and  n i t r o u s   a c i d ,   f o l l o w e d   by  s e l e c t i v e   s o l v e n t  

10  e x t r a c t i o n .   The  p r o c e s s   a c c o r d i n g   to   t h e   i n v e n t i o n  

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

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

15  A c c o r d i n g l y ,   one  e m b o d i m e n t   of  t h e   p r e s e n t  
i n v e n t i o n   p r o v i d e s   a  p r o c e s s   f o r   u p g r a d i n g   d i e s e l   o i l  
to   p r o d u c e   an  u p g r a d e d   d i e s e l   f u e l   c o m p r i s i n g   t h e   s t e p s  
o f :  

(a)   r e a c t i n g   a  d i e s e l   o i l ,   h a v i n g   a  b o i l i n g   p o i n t  

20  a t   n o r m a l   p r e s s u r e   of   a b o u t   3 0 0 ° F   to  a b o u t  
•  7 0 0 ° F ,   f rom  a  p e t r o l e u m   s o u r c e   w i t h   a n  

o x i d a n t   s e l e c t e d   f rom  t h e   g r o u p   c o n s i s t i n g   o f  

n i t r o g e n o u s   o x i d i z i n g   a g e n t s   and  o z o n e ,  
w h e r e i n  

25  (1)  t h e   r e a c t i n g   i s   to  an  e x t e n t   s u f f i c i e n t  

to  i n c r e a s e   t h e   c e t a n e   n u m b e r   of  t h e  

d i e s e l   o i l   o b t a i n e d   in   s t e p   (a)  by  a t  

l e a s t   5  c e t a n e   n u m b e r s   o v e r   t h e   c e t a n e  

n u m b e r   of  t h e   d i e s e l   o i l   f e e d   t o  
30  s t e p   ( a ) ,   a n d  

(2)  ( i )   t h e   r e a c t i n g   i s   s u c h   t h a t   when  t h e  

o x i d a n t   i s   a  n i t r o g e n o u s   o x i d i z i n g  

a g e n t ,   t h e   a m o u n t   of  o x i d a n t ,  
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e q u i v a l e n t   on  a  100%  n i t r i c   a c i d  

b a s i s ,   i s   a b o u t   10%  or   l e s s   b y  
w e i g h t   of   t h e   d i e s e l   o i l   f e e d ;   a n d  

( i i )   t h e   r e a c t i n g   i s   s u c h   t h a t   when  t h e  
5  o x i d a n t   i s   o z o n e ,   t h e   a m o u n t   o f  

o x i d a n t   i s   s u f f i c i e n t   to   a c h i e v e   a n  
a b o u t   10%  or   g r e a t e r   r e d u c t i o n   i n  

t h e   s u l f u r   c o n t e n t   of   t h e   r e a c t e d  

d i e s e l   o i l   o b t a i n e d   in   s t e p   ( a )  
10  o v e r   t h e   d i e s e l   o i l   f e e d   t o  

s t e p   ( a ) ;  

(b)   c o n t a c t i n g   t h e   d i e s e l   o i l   f r om  s t e p   (a)   a b o v e  

w i t h   an  e x t r a c t i n g   s o l v e n t ,   t h e   e x t r a c t i n g  
s o l v e n t  

15  (1)  h a v i n g   a  d i p o l e   moment   of   a b o u t   2  o r  

g r e a t e r ;  

(2)  b e i n g   s u b s t a n t i a l l y   i m m i s c i b l e   w i t h   t h e  

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

c o n t a c t i n g   w i t h   t h e   d i e s e l   o i l   o b t a i n e d  

20  i n   s t e p   ( a ) ,  

(3)  b e i n g   a  n o n h a l o g e n a t e d   s o l v e n t ,   a n d  

(4)  e x c l u d i n g   a m i n e s ,   w h i c h   a r e   r e a c t i v e  

w i t h   t h e   o x i d a n t  

or   a  m i x t u r e   o f   s u c h   s o l v e n t s ;   or   a  w a t e r   m i x t u r e   o f  

25  s u c h   s o l v e n t   c o n t a i n i n g   a b o u t   50%  by  w e i g h t   or   l e s s  

w a t e r ;   a n d  

(c)   s e p a r a t i n g   t h e   d i e s e l   o i l   f rom  s t e p   (b)  a b o v e  

f r o m   t h e   e x t r a c t i n g   s o l v e n t   to  r e c o v e r  

u p g r a d e d   d i e s e l   f u e l .  

30  A n o t h e r   e m b o d i m e n t   of   t h e   p r o c e s s   of  t h i s  
i n v e n t i o n   p r o v i d e s   a  p r o c e s s   f o r   u p g r a d i n g   d i e s e l   o i l  

c o m p r i s i n g   t h e   s t e p s   o f :  
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(a)   r e a c t i n g   a  d i e s e l   o i l ,   h a v i n g   a  b o i l i n g   p o i n t  
a t   n o r m a l   p r e s s u r e   of   a b o u t   3 0 0 ° F   to  a b o u t  

7 0 0 ° F ,   f rom  a  p e t r o l e u m   s o u r c e   w i t h   a n  
o x i d a n t   s e l e c t e d   f rom  t h e   g r o u p   c o n s i s t i n g   o f  

5  n i t r o g e n o u s   o x i d i z i n g   a g e n t s   and  o z o n e ,  
w h e r e i n  

(1)  t h e   r e a c t i n g   i s   to  an  e x t e n t   s u f f i c i e n t  

to   i n c r e a s e   t h e   c e t a n e   n u m b e r   of  t h e  

d i e s e l   o i l   o b t a i n e d   in   s t e p   (a)   by  a t  
10  l e a s t   5  c e t a n e   n u m b e r s   o v e r   t h e   c e t a n e  

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

(2)  ( i )   t he   r e a c t i n g   i s   s u c h   t h a t   when  t h e  

o x i d a n t   i s   a  n i t r o g e n o u s   o x i d i z i n g  

a g e n t ,   t h e   a m o u n t   of  o x i d a n t ,  
15  e q u i v a l e n t   on  a  100%  n i t r i c   a c i d  

b a s i s ,   i s   a b o u t   10%  or   l e s s   b y  
w e i g h t   of   t h e   d i e s e l   o i l   f e e d   t o  

s t e p   (  a  )  ;  a n d  

( i i )   t h e   r e a c t i n g   i s   s u c h   t h a t   when  t h e  
20  o x i d a n t   i s   o z o n e ,   t h e   a m o u n t   o f  

o x i d a n t   i s   s u f f i c i e n t   to  a c h i e v e   a n  
a b o u t   10%  or  g r e a t e r   r e d u c t i o n   i n  

t he   s u l f u r   c o n t e n t   of  t h e   r e a c t e d  

d i e s e l   o i l   o b t a i n e d   in   s t e p   ( a )  
25  o v e r   t h e   d i e s e l   o i l   f e e d   t o  

s t e p   ( a ) ;  

(b)  c o n t a c t i n g   the   d i e s e l   o i l   f rom  s t e p   (a)   a b o v e  

w i t h   an  e x t r a c t i n g   s o l v e n t ,   t he   e x t r a c t i n g  
s o l v e n t  

30  (1)  h a v i n g   a  d i p o l e   moment   of  a b o u t   2  o r  

g r e a t e r ;  

(2)  b e i n g   s u b s t a n t i a l l y   i m m i s c i b l e   w i t h   t h e  

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



-  22  -  

0 2 3 6 0 2 1  

c o n t a c t i n g   w i t h   t h e   d i e s e l   o i l   o b t a i n e d  

in   s t e p   ( a ) ,  

(3)  b e i n g   a  n o n h a l o g e n a t e d   s o l v e n t ,  

(4)  e x c l u d i n g   a m i n e s ,   w h i c h   a r e   r e a c t i v e  

w i t h   t h e   o x i d a n t ,   a n d  

(5)  c o n t a i n i n g   a t   l e a s t   one  of   t h e   f o l l o w i n g  

f u n c t i o n a l   g r o u p s :  

15 

O 
II  I 
C - N -  

O 
II 

■s-  

20 
I 

-C-NCL 
t 

a n d  

O 
25  I' 

- c - o -  

or   a  m i x t u r e   of   s u c h   s o l v e n t s ;   or   a  w a t e r   m i x t u r e   o f  

s u c h   s o l v e n t   c o n t a i n i n g   a b o u t   50%  by  w e i g h t   or  l e s s  

w a t e r ;   a n d  

30  (c)   s e p a r a t i n g   t h e   d i e s e l   o i l   f rom  s t e p   (b)  a b o v e  

f rom  t h e   e x t r a c t i n g   s o l v e n t   to  r e c o v e r  

u p g r a d e d   d i e s e l   f u e l .  
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A  f u r t h e r   e m b o d i m e n t   of   t h e   p r o c e s s   of   t h i s  
i n v e n t i o n   p r o v i d e s   a  p r o c e s s   f o r   u p g r a d i n g   d i e s e l   o i l  

c o m p r i s i n g   t h e   s t e p s   o f :  

(a)   r e a c t i n g   a  d i e s e l   o i l ,   h a v i n g   a  b o i l i n g   p o i n t  
5  a t   n o r m a l   p r e s s u r e   of   a b o u t   3 0 0 ° F   to  a b o u t  

7 0 0 ° F ,   d e r i v e d   f rom  a  p e t r o l e u m   s o u r c e   w i t h  

an  o x i d a n t   s e l e c t e d   f rom  t h e   g r o u p   c o n s i s t i n g  
of  n i t r o g e n o u s   o x i d i z i n g   a g e n t s   and  o z o n e ,  
w h e r e i n  

10  (1)  t h e   r e a c t i n g   i s   to   an  e x t e n t   s u f f i c i e n t  

to  i n c r e a s e   t h e   c e t a n e   n u m b e r   of  t h e  

d i e s e l   o i l   o b t a i n e d   in   s t e p   (a)   by  a t  
l e a s t   5  c e t a n e   n u m b e r s   o v e r   t h e   c e t a n e  

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

15  s t e p   ( a ) ,   a n d  

(2)  ( i )   t h e   r e a c t i n g   i s   s u c h   t h a t   when  t h e  

o x i d a n t   i s   a  n i t r o g e n o u s   o x i d i z i n g  

a g e n t ,   t h e   a m o u n t   of   o x i d a n t ,  

e q u i v a l e n t   on  a  100%  n i t r i c   a c i d  

20  b a s i s ,   i s   a b o u t   10%  or   l e s s   b y  

w e i g h t   of  t h e   d i e s e l   o i l   f e e d   t o  

s t e p   (  a  )  ;  a n d  

( i i )   t h e   r e a c t i n g   i s   s u c h   t h a t   when  t h e  

o x i d a n t   i s   o z o n e ,   t h e   a m o u n t   o f  

25  o x i d a n t   i s   s u f f i c i e n t   to  a c h i e v e   a n  
a b o u t   10%  or   g r e a t e r   r e d u c t i o n   i n  

t h e   s u l f u r   c o n t e n t   of  t h e   r e a c t e d  

d i e s e l   o i l   o b t a i n e d   in   s t e p   ( a )  

o v e r   t h e   d i e s e l   o i l   f e e d   t o  

30  s t e p   (  a)  ; 
(b)  c o n t a c t i n g   t h e   d i e s e l   o i l   f rom  s t e p   (a)   a b o v e  

w i t h   an  e x t r a c t i n g   s o l v e n t   s e l e c t e d   f rom  t h e  

g r o u p   c o n s i s t i n g   of  f u r f u r a l ,   b u t y r o l a c t o n e   , 
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d i m e t h y l   f o r m a m i d e ,   m e t h y l   ' c a r b i t o l ,  

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

s u l f o x i d e ,   s u l f o l a n e ,   s u l f o l e n e ,   d i m e t h y l  

a c e t a m i d e ,   l - m e t h y l - 2 - p y r r o l i d o n e ,  

5  a c e t o n i t r i l e ,   a c e t i c   a n h y d r i d e ,   n i t r o b e n z e n e ,  

n i t r o m e t h a n e ,   and  m i x t u r e s   t h e r e o f ,   or  a  
w a t e r   m i x t u r e   t h e r e o f   c o n t a i n i n g   a b o u t   50%  b y  

w e i g h t   or   l e s s   w a t e r ;   a n d  

(c )   s e p a r a t i n g   t h e   d i e s e l   o i l   f r om  s t e p   (b)  a b o v e  

10  f rom  t h e   e x t r a c t i n g   s o l v e n t   to   r e c o v e r  

u p g r a d e d   d i e s e l   f u e l .  

BRIEF  DESCRIPTION  OF  THE  ACCOMPANYING  DRAWINGS 

FIG.   1  i s   a  s c h e m a t i c   f l o w   d i a g r a m   of   o n e  

15  e m b o d i m e n t   of   t h e   p r o c e s s   of   t h i s   i n v e n t i o n .  

FIG.   2  shows   t h e   r e s u l t s   of   t h e   e x t r a c t i o n   o f  

a t m o s p h e r i c   gas   o i l   by  g a m m a - b u t y r o l a c t o n e   . 
FIG.   3  i l l u s t r a t e s   t h e   e f f e c t s   of   o x i d a t i o n   o f  

a t m o s p h e r i c   gas   o i l   on  g a m m a - b u t y r o l a c t o n e   e x t r a c t i o n .  

20  FIG.   4  shows   t h e   r e l a t i o n s h i p   b e t w e e n   c e t a n e  

e n h a n c e m e n t   and  N  c o n t e n t   in   o x i d a n t   ^ r e a c t e d   b u t  

s o l v e n t   u n e x t r   a c t e d   o i l .  

FIG.   5  shows   g r a p h i c a l l y   t h e   r e s u l t s   o b t a i n e d   o n  

e x t r a c t i o n   of   o x i d a n t   r e a c t e d   d i e s e l   o i l   in   t e r m s   o f  
25  t h e   s u l f u r   c o n t e n t   and  e x t r a c t i n g   s o l v e n t   c o n t e n t  

p r e s e n t .  

FIG.   6  i s   a  g r a p h i c a l   p r e s e n t a t i o n   of  e q u i l i b r i u m  

d a t a   o b t a i n e d   on  e x t r a c t i o n   of   o x i d a n t   r e a c t e d   d i e s e l  

o i l .  

DETAILED  DESCRIPTI   ON  OF  THE  INVENTION 

As  i n d i c a t e d   a b o v e ,   t h i s   i n v e n t i o n   p r o v i d e s   a  

p r o c e s s   f o r   u p g r a d i n g   p e t r o l e u m   d e r i v e d   d i e s e l   f u e l  
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o i l s   h a v i n g   a  b o i l i n g   p o i n t   a t   n o r m a l   p r e s s u r e   of   a b o u t  
3 0 0 ° F   to   a b o u t   7 0 0 ° F ,   i n c l u d i n g   t h o s e   c o n t a i n i n g  
h e t e r o a t o m   s u l f u r   c o m p o u n d s ,   to  p r o d u c e   a  c e t a n e   n u m b e r  

i n c r e a s e   of  a t   l e a s t   a b o u t   5  of  t h e   r e a c t e d   p r o d u c t   o f  
5  s t e p   (a)   o v e r   t h e   d i e s e l   o i l   f e e d   to  s t e p   (a)   w h i l e  

m e e t i n g   s t a b i l i t y   r e q u i r e m e n t s .   The  p r o c e s s   of   t h i s  
i n v e n t i o n   i s   a p p l i c a b l e   to  t h e   u p g r a d i n g   of   d i e s e l   o i l  
w h i c h   can   be  d e r i v e d   f rom  any  s o u r c e ,   f o r   e x a m p l e ,   a  
c o n v e n t i o n a l   p e t r o l e u m   c r u d e   o i l   or  c r u d e   o i l   f r a c t i o n  

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

c o m p o u n d s   as  i m p u r i t i e s .   The  t e r m   " d i e s e l   o i l "   as  u s e d  
h e r e i n   i s   b r o a d l y   d e f i n e d   to   i n c l u d e   any  h y d r o c a r b o n  

h a v i n g   a  n o m i n a l   b o i l i n g   r a n g e   of   a b o u t   3 0 0 ° F   to   a b o u t  
7 0 0 ° F   of   p e t r o l e u m   o r i g i n   w h i c h   can   be  u p g r a d e d   by  t h e  

15  p r o c e s s   of   t h i s   i n v e n t i o n   to  m e e t   c o m m e r c i a l   p r o d u c t  

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

f u e l "   i s   g e n e r a l l y   u s e d   to  d e s c r i b e   t h e   u p g r a d e d  

p r o d u c t ,   a l t h o u g h   t h e   t e r m s   can   be  u s e d  

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

20  o i l s   w h i c h   can   be  u s e d   in  t h e   p r o c e s s   of  t h i s   i n v e n t i o n  

a r e   t h o s e l   c o n t a i n i n g   l e s s   t h a n   a b o u t   40%  by  w e i g h t  
a r o m a t i c s   c o n t e n t ,   t h o s e   c o n t a i n i n g   l e s s   t h a n   a b o u t   35% 
by  w e i g h t   o l e f i n s   c o n t e n t   and  t h o s e   c o n t a i n i n g   b o t h  
l e s s   t h a n   a b o u t   40%  by  w e i g h t   a r o m a t i c s   and  l e s s   t h a n  

25  a b o u t   35%  by  w e i g h t   o l e f i n i c s   c o n t e n t .  

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

i s   a p p l i c a b l e   to  any  d i e s e l   o i l   w i t h   t h e   a b o v e  

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

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

In  t h e   p r o c e s s   f o r   u p g r a d i n g   d i e s e l   o i l s   a c c o r d i n g  
to  t h e   i n v e n t i o n ,   p a r t i c u l a r   p r o d u c t   s p e c i f i c a t i o n s   m a y  
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v a r y   o v e r   a  w i d e   r a n g e .   W i t h   t h e   d i s c l o s u r e   g i v e n  

h e r e i n ,   t h e   p r e s e n t   p r o c e s s   may  be  r e a d i l y   a p p l i e d   a n d  

m o d i f i e d   by  one  s k i l l e d   in   t h e   a r t   to   p r o d u c e   a  d i e s e l  

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

5  s p e c i f i c a t i o n s ,   p a r t i c u l a r l y   w i t h   r e s p e c t   to   t h e   b a s i c  

c r i t e r i a   of   c e t a n e ,   s u l f u r   c o n t e n t ,   R a m s b o t t o m   c a r b o n  

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

t h e   p r o c e s s   of   t h i s   i n v e n t i o n   can   be  e m p l o y e d   i n  

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

10  p r o d u c t   s p e c i f i c a t i o n s   as  d e s i r e d ,   e . g . ,   by  a d d i t i o n   o f  

c h e m i c a l   a d d i t i v e s   s u c h   as  c o r r o s i o n   i n h i b i t o r s ,   s t a b i -  

l i z e r s   and  t h e   l i k e .  

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

a c c e l e r a t e d   t e s t s ,   one  of   w h i c h   i s   t h e   N a l c o   3 0 0 ° F  

15  t e s t .   For   s a t i s f a c t o r y   s t a b i l i t y   in   c o m m e r c i a l   s t o r a g e  

and  u s e ,   a  t r a n s p o r t a t i o n   f u e l   m u s t   e x h i b i t   a  N a l c o  

r a t i n g   of   a b o u t   7 . 0   or   l o w e r .   A  r a t i n g   of   a b o u t   7 . 0   i s  

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

a l t h o u g h   a"  l o w e r   l e v e l   i s   d e s i r a b l e .   The  a p p l i c a b l e  

20  N a l c o   t e s t   i s   w e l l   known  in   t h e   a r t ,   and  can   be  s i m p l y  

p e r f o r m e d ,   f o r   e x a m p l e ,   by  p l a c i n g   50  ml  of   o i l   to  b e  

t e s t e d   in   a  t u b e   3  cm  in   d i a m e t e r ,   h e a t i n g   t h e   t u b e   i n  

a  3 0 0 ° F   b a t h   f o r   90  m i n u t e s ,   and  t h e n   c o o l i n g   t h e   o i l .  

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

25  a  n u m b e r   1  f i l t e r   p a p e r ,   t h e   p a p e r   and  t he   f i l t e r   a r e  

w a s h e d   w i t h   h e p t a n e ,   and  t h e   r e s i d u e   r e m a i n i n g   i s  

c o m p a r e d   w i t h   s t a n d a r d   s a m p l e s   to  d e t e r m i n e   t h e   s t a -  

b i l i t y   r a t i n g .  

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

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

S u l f u r   c o m p o u n d s   p r e s e n t   as  i m p u r i t i e s   may  i n c l u d e ,   f o r  

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

t h i o l s   and  d i s u l f i d e s .   B e c a u s e   of  t h e   d i f f e r i n g  
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s e l e c t i v i t i e s   of  v a r i o u s   s o l v e n t s   in  e x t r a c t i n g  
d i f f e r e n t   s u l f u r - c o n t a i n i n g   i m p u r i t y   c o m p o u n d s ,   w h i c h  

can   be  e n h a n c e d   or  d e p r e s s e d   by  o x i d a t i o n ,   d e p e n d i n g   o n  
t h e   p a r t i c u l a r   s o l v e n t   and  f e e d   c h a r a c t e r i s t i c s ,  

5  s e l e c t i o n   of   an  a p p r o p r i a t e   s o l v e n t   f o r   d e s u l f u r i z a t i o n  
i s   e m p i r i c a l   and  s e l e c t i o n   g e n e r a l l y   i s   n o t   p o s s i b l e   o n  
t h e   b a s i s   of  t h e o r y .  

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

10  o b t a i n e d   by  o x i d a t i o n   i s   p o o r l y   u n d e r s t o o d .   I n  

p a r t i c u l a r ,   a l t h o u g h   i t   i s   known  t h a t   i n c r e a s i n g  
o x i d i z e r   n i t r o g e n   i s   r e l a t e d   to  i n c r e a s e d   c e t a n e   arid  i t  
i s   known  t h a t   a r o m a t i c s   e x t r a c t i o n   c o n t r i b u t e s   t o  
c e t a n e   i m p r o v e m e n t ,   r a f f i n a t e   n i t r o g e n   i s   n o t   w e l l  

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

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

O x i d a t i o n   w i t h   n o n - n i t r o g e n   c o n t a i n i n g   o x i d a n t s   s u c h   a s  
o z o n e   as  in   t h i s   i n v e n t i o n   i n c r e a s e s   c e t a n e   a l t h o u g h  

20  n i t r o g e n   i s   n o t   a d d e d   by  t h e   o x i d a n t .  

In  a d d i t i o n   to  m a n a g e m e n t   of  t h e   a b o v e   c r i t e r i a   o f  

s t a b i l i t y ,   s u l f u r   c o n t e n t   and  c e t a n e   n u m b e r ,   R a m s b o t t o m  

c a r b o n   c o n t e n t   i s   an  i m p o r t a n t   q u a l i t y   s p e c i f i c a t i o n  
f o r   d i e s e l   f u e l s ,   s i n c e   f u e l s   h i g h   in   R a m s b o t t o m   c a r b o n  

25  c a u s e   f o u l i n g   p r o b l e m s   when  u s e d   in   d i e s e l   e n g i n e s .   I n  

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

c o n t e n t   i s   p r e f e r a b l y   l e s s   t h a n   a b o u t   0 .3   w e i g h t  

p e r c e n t ,   as  d e t e r m i n e d   by  t h e   m e t h o d   d i s c l o s e d   in  ASTM 

D  5 2 4 .  

30  W h i l e   n o t   d e s i r i n g   to  be  b o u n d   by  t h e o r y ,   i t   i s  

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

a r o m a t i c s   to   f o rm  n i t r a t e s ,   e s t e r s ,   a m i n e s ,   a z i d e s ,  

i n d o l e s   and  t h e   l i k e .   The  c h o i c e   of   an  a p p r o p r i a t e  

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

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

r e m o v a l   of   c e t a n e - n e u t r a l   or   c e t a n e - d e p r e s s i n g   c o m -  

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

and   i n s t a b i l i t y - c a u s i n g   c o m p o u n d s   c a n   be  s i m u l t a n e o u s l y  

e x t r a c t e d   by  t h e   c h o i c e   of   an  a p p r o p r i a t e   s o l v e n t .   T h e  

10  c h o i c e   o f   an  a p p r o p r i a t e   s o l v e n t   i s   c r i t i c a l ,   and  i s  

made  d i f f i c u l t   by  t h e   c i r c u m s t a n c e   t h a t   s o l v e n t s   w h i c h  

a r e   c a p a b l e   of   e x t r a c t i n g   some  of   t h e   a b o v e - m e n t i o n e d  

c o m p o n e n t s   w i l l   n o n e t h e l e s s   be  i n e f f e c t i v e   f o r   u s e   i n  

t h e   p r e s e n t   i n v e n t i o n   b e c a u s e   t h e y   w i l l   (a)   n o t   r e m o v e  

15  a p p r e c i a b l e   s u l f u r ;   (b)  r e m o v e   so  much  n i t r o g e n   t o  

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

r e s u l t s ;   (c)   n o t   r e m o v e   n i t r o g e n ,   r e s u l t i n g   i n  

a c c e p t a b l e   c e t a n e   b u t   u n a c c e p t a b l e   s t a b i l i t y   a n d  

R a m s b o t t o m   c a r b o n ;   or   (d)  r e s u l t   in   p o o r   y i e l d .  

20  T y p i c a l l y ,   t h e   p r o c e s s   of   t h i s   i n v e n t i o n   can   b e  

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

A t m o s p h e r i c   gas   o i l   i s   a  f r a c t i o n   d e r i v e d   f r o m  

p e t r o l e u m   c r u d e   s o u r c e s .   A t m o s p h e r i c   gas   o i l   i s   o n e  

c o m p o n e n t   u s e d   i n   d i e s e l   o i l   b l e n d i n g ,   and  may  c o n t a i n  

25  an  o f f - s p e c i f i c a t i o n   s u l f u r   c o n t e n t   f o r   u s e   as  a  d i e s e l  

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

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

and  n i t r o g e n   i s   p r e s e n t   as  s u b s t i t u t e d   p y r i d i n e s   a n d  

p y r r o l e s ,   and  o t h e r   c o m p o u n d s .   T y p i c a l   a n a l y s e s   o f  
30  d i e s e l   o i l s   w h i c h   can   be  u s e d   in   t h i s   i n v e n t i o n   a r e   s e t  

f o r t h   in   T a b l e   1  b e l o w .  
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FIG.   1  d e s c r i b e s   s c h e m a t i c a l l y   an  e m b o d i m e n t   o f  

t h e   p r o c e s s   of   t h i s   i n v e n t i o n   c o m p r i s i n g   m i x i n g   d i e s e l  

o i l   f e e d   a t   _1  and  n i t r i c   a c i d   t h r o u g h   i n l e t   2  i n t o   a  

r e a c t o r   3_.  A f t e r   r e a c t i o n   in   t h e   r e a c t o r ,   t h e   o x i d i z e d  

5  p r o d u c t   4  may  be  s e p a r a t e d   f rom  a  b y p r o d u c t   r e s i d u e   5_ 

and   i s   p a s s e d   i n t o   a  s o l v e n t   e x t r a c t o r   6  ̂ w h e r e   i t   i s  

c o n t a c t e d   w i t h   an  e x t r a c t i n g   s o l v e n t   7.  and  a f t e r  

s o l v e n t / o x i d i z e d   o i l   s e p a r a t i o n   to   r e m o v e   an  e x t r a c t  

p h a s e   c o n t a i n i n g   s o l v e n t   w i t h   i m p u r i t i e s   8,  t h e  

10  o x i d i z e d   r a f f i n a t e   p h a s e   w i t h   r e s i d u a l   s o l v e n t   9  i s  

s u b j e c t e d   to   r e c o v e r y   a t   10  to  r e m o v e   r e s i d u a l   s o l v e n t s  

11  and  to   o b t a i n   u p g r a d e d   d i e s e l   f u e l   12  in   a c c o r d a n c e  

w i t h   t h i s   i n v e n t i o n .  

In  t h e   f i r s t   s t e p   of   t h e   p r o c e s s   of   t h i s  

15  i n v e n t i o n ,   a  d i e s e l   o i l ,   s u c h   as  an  a t m o s p h e r i c   gas   o i l  

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

o x i d a n t .   I f   d e s i r e d ,   t h e   f e e d   o i l   c an   f i r s t   b e  

s u b j e c t e d   to   p r e t r e a t m e n t ,   s u c h   as  by  w a s h i n g   to  r e m o v e  

p h e n o l s   or   o t h e r   c o r r o s i v e   c o m p o n e n t s   of   t h e   o i l ,  

20  f i l t e r i n g   to   r e m o v e   gum  or   s e d i m e n t ,   h e a t i n g   o r  

t r e a t m e n t   w i t h   E^SO^  as  c o n v e n t i o n a l l y   u s e d .   In  t h e  

f i r s t   s t e p   of   t h e   p r o c e s s   of  t h e   i n v e n t i o n ,   t h e   o x i d a n t  

c a n   be  a  n i t r o g e n o u s   o x i d i z i n g   a g e n t   or   a  

n o n - n i t r o g e n o u s   o x i d i z i n g   a g e n t   s u c h   as  o z o n e .   T h e  

25  t e r m   " n i t r o g e n o u s   o x i d i z i n g   a g e n t "   i s   u s e d   h e r e i n   t o  

mean  any  n i t r o g e n - c o n t a i n i n g   o x i d i z i n g   c o m p o u n d  

i n c l u d i n g ,   e . g . ,   an  o x i d i z i n g   gas   c o n t a i n i n g   a t   l e a s t  

one   n i t r o g e n   o x i d e   w i t h   more,  t h a n   one  o x y g e n   a tom  f o r  

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

30  n i t r o g e n   o x i d e   w i t h   more   t h a n   one  o x y g e n   a tom  f o r   e a c h  

n i t r o g e n   a t o m ,   n i t r o u s   a c i d   and  n i t r i c   a c i d .  

The  o x i d i z i n g   gas   u s e d   can   be  a  gas   c o n t a i n i n g  

o n l y   s u c h   a  n i t r o g e n   o x i d e   or   can   be  one  w h i c h   c o n t a i n s  
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m i x t u r e s   of   s u c h   n i t r o g e n   o x i d e s .   F u r t h e r m o r e ,   t h e  

o x i d i z i n g   gas   can   be  one  w h i c h   a l s o   c o n t a i n s   o t h e r  

c o m p o n e n t s   s u c h   as  o x y g e n ,   n i t r o g e n ,   l o w e r   n i t r o g e n  

o x i d e s ,   i . e . ,   n i t r o g e n   o x i d e s   c o n t a i n i n g   o n l y   o n e  
5  o x y g e n   a tom  or  l e s s   t h a n   one  o x y g e n   a tom  p e r   n i t r o g e n  

atom  in   t h e   o x i d e .   For   e f f i c i e n c y ,   p r e f e r a b l y   t h e  

o x i d i z i n g   gas   w i l l   be  one  w h i c h   c o n t a i n s   o n l y   n i t r o g e n  

o x i d e s   w i t h   more  t h a n   one  o x y g e n   a tom  f o r   e a c h   n i t r o g e n  
atom  b u t   m i x t u r e s   w i t h   o t h e r   g a s e s   s u c h   as  o x y g e n ,  

10  n i t r o g e n ,   as  w e l l   as  i n e r t   g a s e s   s u c h   as  a i r ,   h e l i u m  

and  h e l i u m   w i t h   a i r   can   be  e m p l o y e d   i f   d e s i r e d .  

S u i t a b l y   t h e   o x i d i z i n g   gas   w i l l   c o n t a i n   a t   l e a s t   0 . 5 %  

by  v o l u m e   of   a t   l e a s t   one  n i t r o g e n   o x i d e   w i t h   more  t h a n  

one  o x y g e n   a tom  f o r   e a c h   n i t r o g e n   a tom,   b u t   t h e  

15  c o n c e n t r a t i o n   can   be  r e d u c e d   i f   t h e   f l o w   r a t e   o f  

o x i d a n t   i s   i n c r e a s e d   f o r   a  l o n g e r   t i m e .   N i t r o g e n  

d i o x i d e   or   i t s   d i m e r   can   be  a d v a n t a g e o u s l y  

e m p l o y e d ,   a l o n e   or  in   a d m i x t u r e   w i t h   a i r .  

The  n i t r o g e n o u s   o x i d i z i n g   l i q u i d   u s e d   can   be  a  

20  l i q u i d   n i t r o g e n   o x i d e   as  d e f i n e d   a b o v e ,   n i t r o u s   a c i d ,  

or  n i t r i c   a c i d ,   e i t h e r   a c i d   c o n c e n t r a t e d   or  in   a  

m i x t u r e   w i t h   a b o u t   0  to  90%  w a t e r   by  w e i g h t .  

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

an  a q u e o u s   s o l u t i o n   of   n i t r i c   a c i d   c o n t a i n i n g   a b o u t   5 0  

25  to  90%  n i t r i c   a c i d   by  w e i g h t .  

When  n i t r i c   a c i d   i s   u s e d   as  a  n i t r o g e n o u s  

o x i d i z i n g   a g e n t   in   t h e   p r e s e n t   i n v e n t i o n ,   i t   m a y  

a d v a n t a g e o u s l y   be  u s e d   in   c o m b i n a t i o n   w i t h   o t h e r  

o r g a n i c   or  i n o r g a n i c   a c i d s .   S u i t a b l e   i n o r g a n i c   a c i d s  

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

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

The  o r g a n i c   and  i n o r g a n i c   a c i d   may  be  u s e d   a l o n e   or  i n  

c o m b i n a t i o n .   T y p i c a l l y ,   an  i n o r g a n i c   a c i d   can   be  a d d e d  
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to   t h e   a q u e o u s   n i t r i c   a c i d   s o l u t i o n   u s e d   as  a n  
o x i d i z i n g   a g e n t   i n   an  a m o u n t   of   f rom  a b o u t   5  to  200%  b y  

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

can   be  a d d e d   in   an  a m o u n t   f rom  a b o u t   5  to  200%  b y  
5  w e i g h t   of   t h e   n i t r i c   a c i d   s o l u t i o n .   P r e f e r r e d  

c o m b i n a t i o n s   of   n i t r i c   and  a u x i l i a r y   a c i d s   i n c l u d e  

n i t r i c   and  s u l f u r i c ,   n i t r i c   and  a c e t i c ,   and  n i t r i c   a n d  

f o r m i c   a c i d s .  

When  o z o n e   i s   u s e d   as  an  o x i d i z i n g   a g e n t   in   t h e  

10  p r e s e n t   i n v e n t i o n ,   i t   i s   t y p i c a l l y   u s e d   as  an  o x i d i z i n g  

g a s   c o n t a i n i n g   e i t h e r   o z o n e   a l o n e   or   a  m i x t u r e   w h i c h  

c o n t a i n s   o t h e r   c o m p o n e n t s   s u c h   as  o x y g e n ,   n i t r o g e n ,   a s  
w e l l   as  i n e r t   g a s e s   s u c h   as  h e l i u m   or   h e l i u m   w i t h   a i r .  

S u i t a b l y ,   t h e   o x i d i z i n g   gas   w i l l   c o n t a i n   a t   l e a s t   a b o u t  

15  1%  v o l u m e   of   o z o n e .   I f   d e s i r e d ,   o z o n e   can   be  u s e d   i n  

t h e   p r o c e s s   a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n   i n  

c o m b i n a t i o n   w i t h   a  n i t r o g e n o u s   o x i d i z i n g   a g e n t   a s  
d e s c r i b e d   a b o v e .  

In  t h e   f i r s t   s t e p   of   t h e   p r o c e s s   of   t h i s  

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

r e a c t e d   w i t h   t h e   o x i d a n t   in   t h e   florm  of  a  l i q u i d   o r  

g a s .   The  c o n t a c t i n g   of  t h e   d i e s e l   o i l   w i t h   t h e   o x i d a n t  

as  a  l i q u i d   can   be  a c c o m p l i s h e d   by  any  m e a n s  

c o n v e n t i o n a l   in   t h e   a r t   f o r   c o n t a c t i n g   two  l i q u i d  

25  r e a c t a n t s ,   e . g . ,   by  i n j e c t i n g   t h e   o x i d a n t   u n d e r   t h e  

s u r f a c e   of   a g i t a t e d   o i l   c o n t a i n e d   in   a  r e a c t o r .   When  

an  o x i d a n t   as  a  gas   i s   e m p l o y e d ,   t h e   o x i d a n t   gas   can   b e  

c o n t a c t e d   w i t h   t h e   d i e s e l   o i l   u s i n g   any  c o n v e n t i o n a l  

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

30  r e a c t a n t .   S u i t a b l e   e x a m p l e s   of   s u c h   means   f o r  

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

i n c l u d e   d i s p e r s i n g   t h e   gas   as  b u b b l e s   in  t h e   l i q u i d ,  

t r i c k l i n g   t h e   l i q u i d   o v e r   an  i n e r t   s o l i d   bed  w i t h   g a s  
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p a s s i n g   a l s o   o v e r   t h e   bed   c o - c u r r e n t l y   w i t h   o r  
c o u n t e r c u r r e n t l y   to   t h e   l i q u i d   f l o w ,   t h e   l a t t e r   t y p e  
f l o w   b e i n g   p r e f e r r e d .  

I t   i s   i m p o r t a n t   in   t h e   f i r s t   s t e p   of  t h e   p r o c e s s  
5  of  t h i s   i n v e n t i o n   to  c o n t r o l   t h e   o p e r a t i n g   p a r a m e t e r s  

d u r i n g   t h e   r e a c t i n g   of  t h e   d i e s e l   o i l   w i t h   t h e   o x i d a n t  
to   i n s u r e   s u f f i c i e n t   r e a c t i o n   to  i m p r o v e   c e t a n e   and  t o  

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

10  c o n t r i b u t i n g   to  i n s t a b i l i t y .   H o w e v e r ,   t he   r e a c t i o n  
s t e p   s h o u l d   be  l i m i t e d   so  t h a t   d e t r i m e n t a l   e f f e c t s   o n  
t h e   d i e s e l   o i l   s u b s t r a t e   u l t i m a t e l y   o b t a i n e d   a n d  
r e c o v e r e d   a f t e r   t h e   p r o c e s s   f o r   u p g r a d i n g   of  t h i s  
i n v e n t i o n   do  n o t   o c c u r .   T h e s e   i m p o r t a n t   p r o c e s s i n g  

15  c o n t r o l s   as  to  t h e   r e a c t i o n   of  t h e   d i e s e l   o i l   w i t h   t h e  
o x i d a n t   a r e   d e s c r i b e d   in   more   d e t a i l   b e l o w .  

As  u s e d   h e r e i n ,   t h e   t e r m   " a c i d - t o - o i l   r a t i o "  

( a c i d - t o - o i l   n i t r i c   a c i d ,   A /0)   r e f e r s   to  t h e   w e i g h t   o f  
w a t e r - f r e e   a c i d   ( o r   i t s   n i t r o g e n   e q u i v a l e n t   b a s e d   o n  

20  100%  c o n c e n t r a t i o n   n i t r i c   a c i d   when  a  n i t r o g e n o u s  
o x i d i z i n g   a g e n t   s u c h   as  N021  or  N204  i s   u s e d )   to  t h e  

w e i g h t   of  d i e s e l   o i l   f e e d s t o c k ,   and  i s   f rom  a b o u t  
0 . 0 0 0 1   to  a b o u t   0 . 1 ,   p r e f e r a b l y   f rom  a b o u t   0 . 0 0 0 5   t o  
a b o u t   0 . 0 5 .   The  c o n t r o l   of  t h e   t r e a t m e n t   w i t h   a  

25  n i t r o g e n o u s   o x i d i z i n g   a g e n t   in  t h e   f i r s t   s t e p   of  t h e  

p r o c e s s   of  t h i s   i n v e n t i o n   may  be  a c h i e v e d   b y  
c o n t r o l l i n g   t h e   w a t e r   c o n t e n t   of  t h e   a c i d   u s e d   in  t h e  
r e a c t o r .   T r e a t m e n t   w i t h   a  n i t r o g e n o u s   o x i d i z i n g   a g e n t  
in   t h e   f i r s t   s t e p   can  a l s o   be  c o n t r o l l e d   and  i m p r o v e d  

30  by  t h e   c o p r e s e n c e   of  s u l f u r i c   a c i d   or  o t h e r   a u x i l i a r y  
a c i d   m i x e d   w i t h   t h e   o x i d i z i n g   a g e n t .   In  t h e   c a s e   o f  

u s i n g   o z o n e   as  t h e   o x i d a n t ,   t he   a m o u n t   of  o z o n e   i s   t h a t  
a m o u n t   s u f f i c i e n t   to  a c h i e v e   a b o u t   10%  or  g r e a t e r  
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r e d u c t i o n   up  to   a b o u t   50%  r e d u c t i o n   in   t h e   s u l f u r  
c o n t e n t   o f   t h e   r e a c t e d   d i e s e l   o i l   o b t a i n e d   in   s t e p   ( a )  

o v e r   t h e   d i e s e l   o i l   f e e d   to   s t e p   ( a ) .  

T h i s   c o n t r o l   of   t h e   a m o u n t   of   n i t r o g e n o u s  
5  o x i d i z i n g   a g e n t   or   o z o n e   to   t h e   t o t a l   a m o u n t   of   t h e  

d i e s e l   o i l   f e e d   can   be  e a s i l y   m a i n t a i n e d .  

As  a  r e s u l t   of   t h e   c o n t r o l   of   t h e   p a r a m e t e r s   o f  

s t e p   (a )   o f   t h e   p r o c e s s   of   t h i s   i n v e n t i o n ,   a  c e t a n e  
n u m b e r   i n c r e a s e   of   t h e   r e a c t e d   d i e s e l   o i l   o v e r   t h e  

70  d i e s e l   o i l   f e e d   to   s t e p   (a)   of   a t   l e a s t   a b o u t   5  i s  

a c h i e v e d .  

Fo r   e x a m p l e ,   w i t h   t h e   k n o w l e d g e   of   t h e  

c o n c e n t r a t i o n   of   t h e   n i t r o g e n o u s   o x i d i z i n g   a g e n t / o z o n e  
and  f r o m   a  k n o w l e d g e   of   t h e   s u l f u r   h e t e r o a t o m   c o n t e n t ,  

15  and   c e t a n e   n u m b e r   of   t h e   f e e d ,   a t t a i n e d   u s i n g  
c o n v e n t i o n a l   c h e m i c a l   a n a l y s i s ,   t h e   a m o u n t   of  o x i d i z i n g  

a g e n t   c an   be  d e t e r m i n e d .   C o n v e n t i o n a l   means   f o r  

m e t e r i n g   g a s e o u s   and  l i q u i d   r e a c t a n t   s  can   be  e m p l o y e d .  
The  r e a c t i o n   of   t h e   f i r s t   s t e p   of   t h e   p r e s e n t  

20  i n v e n t i o n   c an   be  p e r f o r m e d   a t   any  t e m p e r a t u r e   f r o m  

a b o u t   -40   to   a b o u t   2 0 0 ° C ,   b u t   i s   p r e f e r a b l y   c o n d u c t e d  

a t   a  t e m p e r a t u r e   of   a b o u t   90°C  or   l e s s ,   m o s t   p r e f e r a b l y  
a b o u t   25  to   90°C .   The  r e a c t i o n   t i m e   i s   n o t  

p a r t i c u l a r l y   l i m i t e d ,   and  may  i n c l u d e ,   f o r   e x a m p l e ,   a n y  

25  t i m e   f r o m   a b o u t   1  m i n u t e   to   a b o u t   3  w e e k s .   The  f i r s t  

s t e p   o f   t h e   p r e s e n t   i n v e n t i o n   may  be  c o n d u c t e d   a t  

a t m o s p h e r i c   p r e s s u r e   or   a t   g r e a t e r   or  l o w e r   p r e s s u r e s  
as  d e s i r e d .   A d v a n t a g e o u s l y ,   t h e   r e a c t i o n   s t e p   i s  

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

30  s t i r r e r .   In  t h e   p r o c e s s   of   t h i s   i n v e n t i o n ,   s t e p   ( a )  
a b o v e   i s   c o n d u c t e d   to  t h e   e x t e n t   t h a t   an  i n c r e a s e   i n  

c e t a n e   n u m b e r   of  a t   l e a s t   f i v e   c e t a n e   n u m b e r s ,  

g e n e r a l l y   s e v e n   c e t a n e   n u m b e r s   and  more  g e n e r a l l y   n i n e  
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c e t a n e   n u m b e r s ,   o v e r   t h e   d i e s e l   o i l   f e e d   to  s t e p   ( a )  
i s   a c h i e v e d .  

When  a  n i t r o g e n o u s   o x i d i z i n g   a g e n t   i s   u s e d   in   t h e  

f i r s t   s t e p   of  t h e   p r e s e n t   i n v e n t i o n ,   t y p i c a l l y   a n  
5  i n c r e a s e   in   n i t r o g e n   c o m p o u n d   c o n t e n t   o v e r   t h a t  

o r i g i n a l l y   p r e s e n t   in   t h e   d i e s e l   o i l   w i l l   be  o b s e r v e d .  
W h i l e   n o t   d e s i r i n g   to  be  b o u n d   by  t h e o r y ,   t h e   r e a s o n  
f o r   t h e   i n c r e a s e   in   o b s e r v e d   n i t r o g e n   c o m p o u n d   c o n t e n t  
i s   b e l i e v e d   to  be  t h a t   n i t r a t i o n   of  t h e   d i e s e l   o i l  

10  s u b s t r a t e   can   o c c u r   r e s u l t i n g   in  an  i n c r e a s e   in   t h e  
h e t e r o a t o m   n i t r o g e n   c o m p o u n d   c o n t e n t .   C o n t a c t   t i m e s   o n  
t h e   o r d e r   of  l e s s   t h a n   a b o u t   120  m i n u t e s   and  w e i g h t  
r a t i o s   of   n i t r o g e n o u s   o x i d i z i n g   a g e n t   to  t o t a l   f e e d   o f  
l e s s   t h a n   a b o u t   0 . 1   a r e   d e s i r a b l e   n o t   o n l y   f rom  t h e  

15  s t a n d p o i n t   of  e f f i c i e n c y   b u t   a l s o   f rom  t h e   s t a n d p o i n t  
of   e c o n o m i c s .   P a r t i c u l a r l y   p r e f e r a b l y ,   a  c o n t a c t   t i m e  
of  a b o u t   30  m i n u t e s   in   c o m b i n a t i o n   w i t h   a  w e i g h t   r a t i o  
of   n i t r o g e n o u s   o x i d i z i n g   a g e n t   to  d i e s e l   o i l   of  a b o u t  
0 . 0 5   or   l e s s   can   be  a d v a n t a g e o u s l y   e m p l o y e d   w i t h  

20  maximum  y i e l d   of  d i e s e l   o i l   h a v i n g   r e d u c e d   s u l f u r  

c o n t e n t   and  i m p r o v e d   s t a b i l i t y . !  

H o w e v e r ,   b e c a u s e   of  t h e   known  r e l a t i o n s h i p   o f  

n i t r o g e n o u s   o x i d a n t   to  c e t a n e   n u m b e r ,   i t   i s   a l s o  

a d v a n t a g e o u s   when  u s i n g   a  n i t r o g e n o u s   o x i d i z i n g   a g e n t  

25  to  c a r e f u l l y   c o n t r o l   t h e   minimum  a m o u n t   of  n i t r o g e n  

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

i n s u r e   a  s u f f i c i e n t   c e t a n e   n u m b e r   in  t h e   d i e s e l   f u e l  

p r o d u c e d   . 
In  t h e   p r o c e s s   of  t h e   i n v e n t i o n ,   in   o r d e r   t o  

30  i m p r o v e   R a m s b o t t o m   c a r b o n   and  s t a b i l i t y   w h i l e   r e t a i n i n g  
h i g h   c e t a n e ,   a  p r e f e r r e d   l e v e l   of  n i t r o g e n   in  t h e  

d i e s e l   o i l   f o l l o w i n g   t he   f i r s t   s t e p   of  c o n t a c t i n g   t h e  

o i l   w i t h   a  n i t r o g e n o u s   o x i d i z i n g   a g e n t   i s   f rom  a b o u t  
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1500  to   2000  ppm  of   n i t r o g e n .   I f   d e s i r e d ,   o i l   can   b e  

s u b j e c t e d   to   a c i d   s e p a r a t i o n   s t e p ,   s u c h   as  d e c a n t i n g ,  

a l k a l i   t r e a t m e n t ,   w a t e r   wash   or  c l a y   t r e a t m e n t .  

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

5  r e a c t i o n   d e s c r i b e d   a b o v e   f o r   s t e p   (a)   of   t h e   p r o c e s s   o f  

t h i s   i n v e n t i o n ,   i s   t h e n   s u b j e c t e d   to  an  e x t r a c t i o n  

s t e p   (b)  w i t h   an  a p p r o p r i a t e   e x t r a c t i n g   s o l v e n t .   As  

w i l l   be  s e e n   f rom  t h e   e x a m p l e s   to  be  g i v e n   h e r e i n a f t e r ,  

p r o c e s s i n g   c o n d i t i o n s   s e t   f o r t h   f o r   t h e   r e a c t i o n  

10  s t e p   (a)   a b o v e   a r e   c o n t r o l l e d   to   i m p r o v e   t h e   a b i l i t y   o f  

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

t h e   e x t r a c t i n g   s t e p   (b)  of   t h e   p r o c e s s   of   t h i s  

i n v e n t i o n   to   e n h a n c e   r e m o v a l   by  e x t r a c t i o n   of   s u l f u r -  

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

15  R a m s b o t t o m   c a r b o n ,   c e t a n e - d e p r e s s i n g   c o m p o u n d s   p r e s e n t  

o r i g i n a l l y   in   t h e   d i e s e l   o i l   to  be  u p g r a d e d ,   a n d  

t h e r e b y   to   r e d u c e   t h e i r   l e v e l   in   t h e   u l t i m a t e   d i e s e l  

o i l   r e c o v e r e d   and  u p g r a d i n g   as  a  r e s u l t   of   t h e   p r o c e s s  
of   t h i s   i n v e n t i o n .  

20  In  e x t r a c t i o n   s t e p   (b)  of   t h e   p r o c e s s   of   t h i s  

i n v e n t i o n ,   t h e   d i e s e l   o i l   o b t a i n e d   f ro ta   s t e p   (a)   of   t h e  

p r o c e s s   of   t h i s   i n v e n t i o n   i s   c o n t a c t e d   w i t h   a n  

e x t r a c t i n g   s o l v e n t  

or   m i x t u r e s   of  s u c h   s o l v e n t s   or   in   a  w a t e r   m i x t u r e   of   a  

s i n g l e   s o l v e n t   or  a  m i x t u r e   of  s o l v e n t s   c o n t a i n i n g  

a b o u t   50%  by  w e i g h t   or  l e s s   w a t e r .   The  t e r m   " d i p o l e  

25 

30 

( a )  

( b )  

( c )  

( d )  

h a v i n g   a  d i p o l e   moment   a b o u t   2  or  g r e a t e r ,  

b e i n g   s u b s t a n t i a l l y   i m m i s c i b l e   w i t h   t h e  

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

w i t h   t h e   d i e s e l   o i l   o b t a i n e d   in   s t e p   ( a ) ,  

b e i n g   a  n o n h a l o g e n a t e d   s o l v e n t ,   a n d  

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

o x i d a n t ,  
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moment   as  u s e a   in   t n e   p r e s e n t   i n v e n t i o n   means   t h e  
d i p o l e   moment   m e a s u r e d   in   b e n z e n e   a t   25°C ,   and  i t   i s  
c o n s i d e r e d   t h a t   s u b s t a n t i a l l y   a l l   s o l v e n t s   h a v i n g   a  
d i p o l e   moment   of  2  or  g r e a t e r ,   more  g e n e r a l l y   3  o r  

5  g r e a t e r ,   and  h a v i n g   t h e   o t h e r   c h a r a c t e r i s t i c s   a s  
d e s c r i b e d   a b o v e   w i l l   e x h i b i t   s u f f i c i e n t   s e l e c t i v i t y  
t o w a r d s   s u l f u r - c o n t a i n i n g   and  i n s t a b i l i t y - c a u s i n g  
i m p u r i t i e s   c o n t a i n e d   in   t h e   r e a c t e d   d i e s e l   o i l   f e e d .  

In  p a r t i c u l a r ,   a p p r o p r i a t e   e x t r a c t i n g   s o l v e n t s  
10  h a v i n g   t h e   a b o v e - d e s c r i b e d   c h a r a c t e r i s t i c s   as  to  d i p o l e  

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

O 

II  I 
- C - N -  

!0 
i 

O 
II 

- s -  

3  - C - N O  
I  Z 

a n d  

0  
0  II 

- c - o -  

E x e m p l a r y   i m m i s c i b l e ,   n o n h a l o g e n a t e d   o r g a n i c  
s o l v e n t s   h a v i n g   a  d i p o l e   moment   of  2 . 0   or   g r e a t e r   a n d  
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10 

e x c l u d i n g   o x i d a n t   r e a c t i v e   a m i n e   s o l v e n t s   w n i c n   a r e  

u s e f u l   i n   t h e   p r e s e n t   i n v e n t i o n   a r e   s e t   f o r t h   i n  

T a b l e   2  b e l o w :  

T a b l e   2 

5  —  -  —  

D i p o l e   Moment  I n  
S o l v e n t   B e n z e n e   a t   25  °C  

g a m m a - B u t y r o l a c t o n e   4  .  0 0  

F u r f u r a l   3  -  6 0  

10  ,  o c  D i m e t h y l   F o r m a m i d e   (DHF)  3 . 8 6  

A c e t i c   A n h y d r i d e   3  .  15  

D i m e t h y l   S u l f o x i d e   (DMSO)  3 . 9 0  

S u l f o l a n e   4 . 7 0  
15 

l - M e t h y l - 2 - p y r r o l i d o n e   4 . 0 9  

A c e t o n i t r i l e   3 . 4 0  

N i t r o m e t h a n e   3  .  13 

20  T e t r a h y d r o f u r f u r y l   A l c o h o l   2 . 1 2 ,   ( n e a t )  

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

h a v i n g   a  d i p o l e   moment   of  l e s s   t h a n   a b o u t   2  a r e  

g e n e r a l l y   c o n s i d e r e d   u n s u i t a b l e   f o r   u s e   in   s t e p   (b)  o f  

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

25  T a b l e   3  b e l o w :  

15 

30 
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T a b l e   3 

lu 

10 

D i p o l e   Moment  I n  
S o l v e n t   B e n z e n e   a t   2 5 ° C  

F o r m i c   Ac id   (88%  A q u e o u s   S o l u t i o n )   1 . 2 0  

A c e t i c   A c i d   1 . 6 0  

M e t h a n o l   1 . 7 0  

E t h a n o l   1 . 7 5  

E t h y l e n e   G l y c o l   1 . 5 0  

P h e n o l   1  .  4 5  

D i e t h y l a m i n e   1 . 1 7  

A n i l i n e   1 . 5 5  

H e x a m e t h y l e n e   D i a m i n e   1 . 9 4  
(70%  A q u e o u s   S o l u t i o n )  

E t h y l e n e   D i a m i n e   1 . 9 2  

û  In  p a r t i c u l a r ,   s o l v e n t s   u s e f u l   in   t h e   e x t r a c t i o n  
s t e p   (b)  of  t h e   p r e s e n t   i n v e n t i o n   w h i c h   h a v e   t h e  
r e q u i r e d   d i p o l e   moment   and  i m m i s c i b i   l i t y   and  a r e  
n o n h a l o g e n a t e d   and  n o n - a m i n e   i n c l u d e   f u r f u r a l ,  
b u t y r o l a c t o n e ,   d i m e t h y l   f o r m a m i d e ,   m e t h y l   c a r b i t o l ,  

15  t e t r a h y d r o f u r f u r y l   a l c o h o l ,   d i m e t h y l   s u l f o x i d e ,  
s u l f o l a n e ,   s u l f o l e n e ,   a c e t i c   a n h y d r i d e ,   d i m e t h y -  
l a c e t a m i d e ,   a c e t o n i   t r i   le  ,  l - m e t h y l - 2 - p y r r o l i d o n e   , 
n i t r o b e n z e n e ,   and  n i t r o m e t h a n e   .  T h e s e   e x t r a c t i n g  
s o l v e n t s   can   be  u s e d   a l o n e   or  in   c o m b i n a t i o n ,   a n d  

30  f u r t h e r   e a c h   of  t h e   e x t r a c t i n g   s o l v e n t s   u s e d   can   b e  
u s e d   a l o n e   in   a d m i x t u r e   w i t h   or   as  m i x t u r e   i n  
a d m i x t u r e   w i t h   w a t e r   to  t he   e x t e n t   of  up  to  a b o u t   50% 
by  w e i g h t   of  w a t e r .   W a t e r   in   c o m b i n a t i o n   w i t h   t h e s e  
e x t r a c t i n g   s o l v e n t s   can   be  a d v a n t a g e o u s l y   u s e d   t o  
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i n c r e a s e   p n a s e   s e p a r a t i o n   and  y i e l d s   of   o i l   r e c o v e r e d  
in   e x t r a c t i o n   s t e p   (b)  .  The  a m o u n t   of   w a t e r   w h i c h   c a n  
be  u s e d   w i t h   any  p a r t i c u l a r   e x t r a c t i n g   s o l v e n t   can   b e  
a p p r o p r i a t e l y   d e t e r m i n e d   by  r u n n i n g   r o u t i n e   s c r e e n i n g  

5  t e s t s   to   d e t e r m i n e   f o r   a  p a r t i c u l a r   d i e s e l   o i l   f e e d -  
s t o c k   to   be  u p g r a d e d   and  u n d e r   t h e   r e a c t i o n   c o n d i t i o n s  
e m p l o y e d   in   s t e p   ( a ) ,   w h i c h   of   t h e   e x t r a c t i n g   s o l v e n t s ,  
a l o n e   o r   in   a d m i x t u r e   w i t h   w a t e r   and  to  w h a t   e x t e n t   i n  
a d m i x t u r e   w i t h   w a t e r   can   be  a d v a n t a g e o u s l y   u s e d .   T h e s e  

10  r o u t i n e   s c r e e n i n g   t e s t s   can   be  s i m p l y   a  c o n s i d e r a t i o n  
of   y i e l d ,   r e d u c t i o n   in   s u l f u r   c o n t e n t   p r e s e n t ,  
s t a b i l i t y   and  c e t a n e   n u m b e r ,   d e t e r m i n e d   by  r o u t i n e  
c h e m i c a l   a n a l y s i s ,   to   d e t e r m i n e   w h i c h   of   t h e   e x t r a c t i n g  
s o l v e n t s   or   w a t e r / e x t r a c t i n g   s o l v e n t   m i x t u r e s   can   b e  

15  m o s t   a d v a n t a g e o u s l y   u s e d   w i t h   a  g i v e n   d i e s e l   o i l   f e e d .  
In  t h e   e x t r a c t i n g   s t e p   (b)  of   t h e   p r e s e n t  

i n v e n t i o n ,   c o n v e n t i o n a l   e x t r a c t i o n   p r o c e d u r e s   a r e  
e m p l o y e d .   G e n e r a l l y ,   t h e   e x t r a c t i n g   s o l v e n t   i s   s i m p l y  
a d d e d   to   and  m i x e d   w i t h   t h e   d i e s e l   o i l   p r o c e s s e d   as  i n  

?0  s t e p   ( a ) .   The  l e n g t h   of   t i m e   f o r   c o n t a c t   of  t h e  
e x t r a c t i n g   s o l v e n t   i s   o n l y   t h a t   t i m e   n e c e s s a r y   t o  
p e r m i t   a  s i m p l e   mass   t r a n s f e r   of   t h e   s u l f u r   c o m p o u n d  
i m p u r i t i e s ,   i n s t a b i l i t y - c a u s i n g   c o m p o u n d   i m p u r i t i e s ,   o r  
R a m s b o t t o m   c a r b o n   c o n t a i n i n g   c o m p o n e n t s   f rom  t he   d i e s e l  

?5  o i l   p h a s e   i n t o   t h e   e x t r a c t i n g   s o l v e n t   p h a s e ,   and  i s  
t y p i c a l l y   f rom  a b o u t   1  to  30  m i n u t e s .   G e n e r a l l y ,   a  
s u i t a b l e   e x t r a c t i o n   t i m e   r a n g e s   f rom  a b o u t   1  to  a b o u t  
10  m i n u t e s .  

The  t e m p e r a t u r e   o f   t h e   e x t r a c t i n g   s t e p   i s  
30  c o n t r o l l a b l e   o v e r   w i d e   r a n g e s ,   and  can   be ,   f o r  

i n s t a n c e ,   any  t e m p e r a t u r e   f rom  a b o u t   40  °F  to  a b o u t  
3 0 0 ° F   and  p r e f e r a b l y   i s   a t   room  t e m p e r a t u r e ,   e . g . ,  
a b o u t   70°F   to  9 0 ° F .   The  s o l v e n t   can   be  a d d e d   i n  
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s u b s t a n t i a l l y   p u r e   f o r m ,   e . g . ,   as  o b t a i n e d   d i r e c t l y  
f rom  c o m m e r c i a l   s o u r c e s ,   or  can   be  a  u s e d   s o l v e n t   w h i c h  
i s   r e c o v e r e d   and  p u r i f i e d   or  a  r e c y c l e   s t r e a m   r i c h  

s o l v e n t ,   w i t h   any  d e f i c i e n c y   in  a m o u n t   of  s o l v e n t  

5  d e s i r e d   f o r   e x t r a c t i o n   b e i n g   made  up  by  t h e   a d d i t i o n   o f  
a d d i t i o n a l   s o l v e n t .   A l t h o u g h   t h e   p r e s e n t   i n v e n t i o n   i s  
i l l u s t r a t e d   in   t h e   e x a m p l e s   u s i n g   a  s i n g l e   s o l v e n t  
e x t r a c t i o n   s t e p ,   t h e   s o l v e n t   e x t r a c t i o n   s t e p   (b)  can   b e  

c o n d u c t e d ,   i f   d e s i r e d ,   in   a  s e q u e n c e   of  s e p a r a t e  

10  s o l v e n t   e x t r a c t i o n   z o n e s ,   v a r y i n g ,   e . g . ,   t i m e ,  

t e m p e r a t u r e ,   or  s o l v e n t - t o - o i l   r a t i o   as  d e s i r e d .  

I t   s h o u l d   be  r e c o g n i z e d   t h a t   in   t h e   e x t r a c t i o n  

s t e p   (b)  of  t h e   p r e s e n t   i n v e n t i o n ,   t h e   e x t r a c t i n g  
s o l v e n t   i s   i m m i s c i b l e   w i t h   t h e   d i e s e l   o i l   and  i s  

15  n o n h a l o g e n a t e d .   The  l a c k   of  m i s c i b i l i t y   t h u s   p e r m i t s  

an  e a s y   p h a s e   s e p a r a t i o n   a f t e r   t h e   e x t r a c t i o n   i s  

c o m p l e t e d .   I f   an  e m u l s i o n   i s   f o r m e d ,   i t   can   be  e a s i l y  
b r o k e n ,   e . g . ,   by  w a r m i n g ,   f o r   p h a s e   s e p a r a t i o n .  
F u r t h e r ,   o x i d a n t   r e a c t i v e   a m i n e   s o l v e n t s   a r e   n o t  

20  e m p l o y e d   as  e x t r a c t i n g   s o l v e n t s   in  e x t r a c t i o n   s t e p   ( b )  
of   t h e   p r o c e s s   of   t h i s   i n v e n t i o n .   j 

The  e x t r a c t i o n   in   s t e p   (b)  of  t h e   p r o c e s s   of  t h i s  
i n v e n t i o n   can   be  g e n e r a l l y   c o n d u c t e d   by  s i m p l y   a d d i n g  
t h e   e x t r a c t i n g   s o l v e n t   to  t h e   d i e s e l   o i l ,   m i x i n g   s u c h  

25  w i t h   t h e   d i e s e l   o i l ,   a l l o w i n g   p h a s e   s e p a r a t i o n   of  t h e  

m i x t u r e   to  o c c u r   and  t h e n   s e p a r a t i n g   t he   e x t r a c t i n g  
s o l v e n t   p h a s e   c o n t a i n i n g   t h e   s u l f u r   i m p u r i t y   c o n t e n t   o r  

i n s t a b i l i t y - c a u s i n g   c o n t e n t   r e m o v e d   f rom  t he   d i e s e l   o i l  

s u b s t r a t e   p h a s e .   C o n v e n t i o n a l   c h e m i c a l   e n g i n e e r i n g  
30  t e c h n i q u e s   can   be  e m p l o y e d   to  a c h i e v e   t h i s   e x t r a c t i o n  

c o n d u c t e d   in   s t e p   (b)  of  t h e   p r o c e s s   of  t h i s   i n v e n t i o n .  

G e n e r a l l y ,   a  s u i t a b l e   e x t r a c t i n g   s o l v e n t - t o - o i l  

r a t i o   (S /O)   by  w e i g h t   can   r a n g e   f rom  a b o u t   0 . 0 5 : 1   t o  
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a b o u t   5 : 1 ,   p r e f e r a b l y   0 . 1 : 1   to   0 . 5 : 1 ,   b u t   t h e s e   r a t i o s  

a r e   n o t   c o n s i d e r e d   to   be  l i m i t i n g .  

In  a  p r e f e r r e d   e m b o d i m e n t   o f   t h e   p r e s e n t   p r e s e n t  

i n v e n t i o n ,   t h e   s o l v e n t - t o - o i l   r a t i o   in   t h e   s o l v e n t  

5  e x t r a c t i o n   s t e p   (b)  i s   r e d u c e d   to  much  s m a l l e r   v a l u e s  

t h a n   t h o s e   c o n v e n t i o n a l l y   u s e d   in   o r d e r   to  i n c r e a s e   t h e  

o v e r a l l   e f f i c i e n c y   of   t h e   r e a c t i o n / e x t r a c t i o n   p r o c e s s  
of   t h i s   i n v e n t i o n .   As  shown  in   FIG.  2,  t h e   e f f i c i e n c y  
of   s o l v e n t   e x t r a c t i o n   of   s u l f u r   i m p u r i t i e s   can   b e  

10  i m p r o v e d   by  i n c r e a s i n g   t h e   s o l v e n t - t o - o i l   r a t i o   i n  

e x t r a c t i o n   e v e n   w i t h o u t   r e a c t i o n   w i t h   an  o x i d a n t .  

FIG.  2  shows   t h e   r e s u l t s   of  t h e   e x t r a c t i o n   of   a n  

a t m o s p h e r i c   gas   o i l   of   T a b l e   1  by  g a m m a - b u t y r o l a c t o n e .  
For   an  u n r e a c t e d   AGO,  a t   a  s o l v e n t - t o - o i l   r a t i o   ( S / 0 )  

15  of   1 . 0 : 1   by  w e i g h t ,   t h e   r a f f i n a t e   had   a  y i e l d   of   91%  b y  

w e i g h t   b u t   w i t h   o n l y   22%  s u l f u r   r e d u c t i o n   ( 0 . 9 3 %   S ) .  
A b o u t   60%  s u l f u r   r e m o v a l   ( 0 . 4 8 %   S)  was  a c h i e v e d   b y  

u s i n g   a  v e r y   h i g h   S/O  r a t i o ,   9 . 0 : 1 ,   b u t   t h e   o i l   y i e l d  

was  v e r y   low  ( o n l y   76%).   T h u s ,   a  h i g h e r   S/O  r a t i o   i n  
20  e x t r a c t i o n   i n v o l v e s   h i g h e r   c o s t s   due  to   s o l v e n t  

r e c o v e r y ,   f c o u p l e d   w i t h   g r e a t e r   l o s s   of   o i l ,   one  f a c t o r  

t h a t   h a s   made  s o l v e n t   e x t r a c t i o n   of  h y d r o c a r b o n   o i l s  

s u c h   as  d i e s e l   o i l s   f o r   s u l f u r   r e m o v a l   u n e c o n o m i c a l .  

As  i s   s e e n   f rom  FIG.  3,  w h i c h   i l l u s t r a t e s   t h e  
25  e f f e c t s   of   r e a c t i o n   of   an  a t m o s p h e r i c   g a s   o i l   o f  

T a b l e   1  on  g a m m a - b u t y r o l a c t o n e   e x t r a c t i o n ,   an  i n c r e a s e  

in   s o l v e n t - t o - o i l   r a t i o   d e c r e a s e s   o i l   y i e l d   e v e n   w i t h  

r e a c t e d   o i l s .   H o w e v e r ,   t h e   l o s s   in   o i l   y i e l d   can   b e  

o f f s e t   by  an  i n c r e a s e   in   s e v e r i t y   of   r e a c t i o n .   T h u s ,   a  
30  55%  s u l f u r   r e m o v a l   by  e x t r a c t i o n   r e q u i r e s   a  S/O  r a t i o  

of   a b o u t   6 . 0 : 1   f o r   u n r e a c t e d   o i l ,   an  S/O  r a t i o   of  m o r e  
t h a n   1 . 0 : 1   f o r   m i l d l y   r e a c t e d   AGO,  a  S/O  r a t i o   of   l e s s  

t h a n   1 . 0 : 1   f o r   m o d e r a t e l y   s e v e r e l y   r e a c t e d   AGO  and  a  
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S/O  r a t i o   of   l e s s   t h a n   0 . 5 : 1   f o r   s e v e r e l y   r e a c t e d   AGO, 
when  t h e   s e v e r i t y   of  r e a c t i o n   i s   h e r e   e x p r e s s e d   i n  

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

o i l   i s   d e f i n e d   as  " s e v e r e l y   r e a c t e d "   when  t h e   s u l f u r  
5  r e d u c t i o n   i s   more  t h a n   a b o u t   50%.  In  e a c h   c a s e ,   t h e  

d e c r e a s e   in   s o l v e n t - t o - o i l   r a t i o   i s   a c c o m p a n i e d   by  a  
s i g n i f i c a n t   i n c r e a s e   in   o i l   y i e l d ,   i . e . ,   f rom  a b o u t   7 5  

w e i g h t   p e r c e n t   e x t r a c t e d   o i l   y i e l d   f o r   u n r e a c t e d   o i l   t o  

more  t h a n   90%  e x t r a c t e d   o i l   y i e l d   f o r   s e v e r e l y   r e a c t e d  

10  o i l .   A c c o r d i n g l y ,   one  a s p e c t   of   t h e   p r e s e n t   i n v e n t i o n  

i s   t h a t   s u r p r i s i n g l y   low  s o l v e n t - t o - o i l   r a t i o s   a r e  
r e q u i r e d   to  o b t a i n   a  d e s i r e d   d e g r e e   of  s u l f u r   r e d u c t i o n  
f o r   r e a c t e d   as  o p p o s e d   to   u n r e a c t e d   s t o c k s .  

W i t h   i n c r e a s e d   s e v e r i t y   of   r e a c t i o n   in   t h e   f i r s t  
15  s t e p   of   t h e   p r e s e n t   i n v e n t i o n ,   i n c r e a s e d   c e t a n e   a n d  

s u l f u r   r e d u c t i o n   a r e   o b t a i n e d ;   h o w e v e r ,   s t a b i l i t y  
d e c r e a s e s   and  R a m s b o t t o m   c a r b o n   i s   u n d e s i r a b l y  
i n c r e a s e d .   E x t r a c t i o n   in   t h e   s e c o n d   s t e p   of  t h e  

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

20  s i g n i f i c a n t l y   i m p r o v i n g   s t a b i l i t y   and  R a m s b o t t o m  
c a r b o n .   The  d e g r e e   of  s t a b i l i t y   and  R a m s b o t t o m   c a r b o n  

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

s o l v e n t - t o - o i l   r a t i o s   u s e d   in   e x t r a c t i o n .  

G e n e r a l l y ,   e v e n   m i l d   t r e a t m e n t   by  n i t r i c   a c i d   o r  
25  o z o n e   w i l l   s i g n i f i c a n t l y   d e t e r i o r a t e   s t a b i l i t y   a n d  

R a m s b o t t o m   c a r b o n .   For  e x a m p l e ,   a  w e i g h t   r a t i o   of  o n l y  
0 . 0 0 2 5   of   90%  n i t r i c   a c i d   to  o i l   w i l l   i n c r e a s e  

R a m s b o t t o m   c a r b o n   to  l e v e l s   of   o v e r   1.5%  and  w i l l  

d e t e r i o r a t e   N a l c o   s t a b i l i t y   to  a b o u t   2 0 .  
30  S o l v e n t   e x t r a c t i o n   by  t h e   s o l v e n t s   of  t h e   p r e s e n t  

i n v e n t i o n   can   be  u s e d   to  b r i n g   s t a b i l i t y   and  R a m s b o t t o m  

c a r b o n   i n t o   c o m m e r c i a l l y   a c c e p t a b l e   s p e c i f i c a t i o n s ,  
w h i l e   r e m o v i n g   s u l f u r ,   r e t a i n i n g   c e t a n e ,   and  a c h i e v i n g  
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h i g h   r a f f i n a t e   y i e l d s .   As  in   any  e x t r a c t i o n   p r o c e s s ,  
t h e   r e s u l t s   a c h i e v e d   d e p e n d   u p o n   s o l v e n t   to  o i l   r a t i o ,  

t h e   e x t r a c t i n g   s o l v e n t   c h o s e n ,   e x t r a c t o r   s t a g e  

e f f i c i e n c y ,   n u m b e r   of   s t a g e s ,   and  c o - c u r r e n t   o r  

5  c o u n t e r - c u r r e n t   o p e r a t i o n .   Wi th   an  e f f i c i e n t  

e x t r a c t o r ,   an  o x i d a n t   t r e a t e d   d i e s e l   o i l   w i t h   a  

R a m s b o t t o m   c a r b o n   of   7%  and  a  N a l c o   s t a b i l i t y   of   20  c a n  
be  e x t r a c t e d   to   p r o d u c e   an  u p g r a d e d   d i e s e l   f u e l   w i t h   a  

N a l c o   s t a b i l i t y   of   7  and  a  R a m s b o t t o m   c a r b o n   of   0 .2%  a t  

TO  a  s o l v e n t - t o - o i l   r a t i o   of   0 . 5 6 .   At  s o l v e n t - t o - o i l  

r a t i o s   of   0 . 2 4   and  0 . 8 6 ,   R a m s b o t t o m   c a r b o n   c o n t e n t s   o f  

0 .62%  and  0 . 1 4 %   can   be  a c h i e v e d .  

I t   s h o u l d   be  n o t e d   t h a t   one   s k i l l e d   in   t h e   a r t  

u t i l i z e s   p r o d u c t   b l e n d i n g   or   s t a b i l i z e r s   to   b r i n g  

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

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

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

T h i s   a p p r o a c h   c an   be  e m p l o y e d   w i t h   t h e   u p g r a d e d   d i e s e l  

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

20  F u r t h e r m o r e ,   t h e   r e m a r k a b l y   low  s o l v e n t - t o - o i l  

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

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

p r o c e s s   a c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n   p r o v i d e s  

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

25  and  more   e c o n o m i c   s o l v e n t - t o - o i l   r a t i o s   t h a n   h e r e t o f o r e  

a c h i e v e d .  

The  e x t r a c t i n g   s o l v e n t s   e m p l o y e d   in   t h e   p r e s e n t  

i n v e n t i o n   c a n   be  u s e d   in   t h e i r   c o m m e r c i a l l y   a v a i l a b l e  

f o r m s   as  d e s c r i b e d   a b o v e   or  c an   be  u p g r a d e d   to   r e m o v e  
30  any  u n d e s i r e d   c o m p o n e n t s   w h i c h   m i g h t   be  p r e s e n t   in   t h e  

c o m m e r c i a l l y   a v a i l a b l e   f o r m s .  

S t e p   (c)   of   t h e   p r o c e s s   of  t h i s   i n v e n t i o n  

c o m p r i s e s   r e c o v e r y   of  t h e   d i e s e l   o i l   s u b s t r a t e   p u r i f i e d  
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«~  «  i ^ o u i v .   oj.  t ne   r e a c t i o n   s t e p   (a)   and  e x t r a c t i o n  
s t e p   (b)  of  t h e   p r o c e s s   of  t h i s   i n v e n t i o n .  
C o n v e n t i o n a l   p u r i f i c a t i o n   p r o c e d u r e s   f o r   r e m o v a l   of   a n  
e x t r a c t i n g   s o l v e n t   f rom  a  d i e s e l   o i l   can   be  e m p l o y e d .  

5  T h e s e   e x t r a c t i o n   p r o c e d u r e s   i n c l u d e   d i s t i l l a t i o n ,  
f r a c t i o n a l   c r y s t a l l i z a t i o n ,   w a t e r   w a s h i n g   f o l l o w e d   b y  
d i s t i l l a t i o n   and  any  o t h e r   a p p r o p r i a t e   c o n v e n t i o n a l  
p r o c e d u r e s   f o r   r e m o v i n g   an  e x t r a c t i n g   s o l v e n t   f rom  a n  
o i l   s u b s t r a t e .   The  p r o c e s s   of  t h i s   i n v e n t i o n   i s   n o t   t o  

10  be  c o n s t r u e d   as  l i m i t e d   in   any  way  to  s e l e c t i o n   of  a  
s p e c i f i c   d i e s e l   o i l   r e c o v e r y   and  s e p a r a t i o n   p r o c e d u r e .  

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

15  s u l f u r   c o m p o u n d   i m p u r i t i e s   and  o r g a n i c   c o m p o u n d s  
c a u s i n g   i n s t a b i l i t y   in   t h e   d i e s e l   o i l   p r o d u c t s .  
G e n e r a l l y ,   d i e s e l   o i l s   h a v i n g   a  h e t e r o a t o m   s u l f u r  
c o n t e n t   r a n g i n g   up  to  a b o u t   4%  by  w e i g h t   can   b e  
s u b j e c t e d   to  and  p u r i f i e d   in   a c c o r d a n c e   w i t h   t h e  

!0  p r o c e s s   of   t h i s   i n v e n t i o n   to  y i e l d   f rom  t h e   p r o c e s s   o f  
t h i s   i n v e n t i o n 1   an  u p g r a d e d   d i e s e l   f u e l   h a v i n g   on  t h e  
o r d e r   of  a t   l e a s t   a b o u t   30%,  p r e f e r a b l y   a b o u t   75%,  
s u l f u r   i m p u r i t y   c o n t e n t   r e m o v a l ,   w h i l e   s i m u l t a n e o u s l y  
i m p r o v i n g   p r o d u c t   s t a b i l i t y .   A l t e r n a t i v e l y ,   d i e s e l  

5  o i l s   of   r e l a t i v e l y   low  i n i t i a l   s u l f u r   c o n t e n t   can   b e  
u p g r a d e d   and  p u r i f i e d   in   a c c o r d a n c e   w i t h   t h e   p r o c e s s   o f  
t h i s   i n v e n t i o n   to  y i e l d   a  u p g r a d e d   d i e s e l   o i l   h a v i n g  
i m p r o v e d   c e t a n e   and  m e e t i n g   s t a b i l i t y ,   R a m s b o t t o m  
c a r b o n   and  s u l f u r   p r o d u c t   s p e c i f i c a t i o n s   w i t h   s o m e w h a t  

0  r e d u c e d   s u l f u r   c o n t e n t   r e m o v a l   a t   h i g h e r   y i e l d ,   b y  
c o n d u c t i n g   t h e   e x t r a c t i o n   s t e p   (b)  of  t h i s   i n v e n t i o n  
u s i n g   a  low  s o l v e n t - t o - o i l   r a t i o .  
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D i e s e l   o i l s   w h i c h   a r e   n o t   of   p e t r o l e u m   o r i g i n  

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

b o t h .   The  s o l v e n t s   e m p l o y e d   in   t h e   p r e s e n t   i n v e n t i o n  

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

5  e f f e c t i v e   f o r   p e t r o l e u m   o i l s   w i t h   h i g h   a r o m a t i c s   o r  

o l e f i n   l e v e l s ,   due   to   t h e   s t r o n g   a f f i n i t y   of   t h e  

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

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

y i e l d s   a t   a l l   s o l v e n t - t o - o i l   r a t i o s   e m p l o y e d ,   and  m a n y  

10  o f   s u c h   s o l v e n t s   b e c o m e   m i s c i b l e   w i t h   t h e   o i l   a t   l o w  

s o l v e n t - t o - o i l   r a t i o s   of   a b o u t   0 . 2   or   l o w e r .  

I t   c an   be  s e e n   f rom  an  e x a m i n a t i o n   of   t h e  

e s s e n t i a l   s t e p s   in   t h e   p r o c e s s   of   t h i s   i n v e n t i o n   t h a t  

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

15  s t e p   (a)   of   t h e   p r o c e s s   o f   t h i s   i n v e n t i o n ,   t h e   s i m p l e  

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

c o n t r o l l e d ,   t h e   e f f i c i e n c y   and  s e l e c t i v i t y   of  t h e  

e x t r a c t i n g   s o l v e n t s   e m p l o y e d ,   and  t h e   low  p r e s s u r e ,   l o w  

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

20  p r e s e n t   i n v e n t i o n   r e s u l t s   in   a  r e m a r k a b l y   e c o n o m i c a l  

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

when  i t   i s   c o m p a r e d   w i t h   t h e   h i g h   t e m p e r a t u r e   and  h i g h  

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

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

25  t h e   p r o c e s s   of   t h i s   i n v e n t i o n   can   be  s e e n   in   c o m p a r i s o n  

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

c o n v e n t i o n a l l y   e m p l o y e d   in   t h e   a r t   s i n c e   an  e x p e n s i v e  

c a t a l y s t   i s   n o t   n e e d e d   and  no  s t e p s   a r e   r e q u i r e d   t o  

s e p a r a t e   c a t a l y s t   or   r e g e n e r a t e   c a t a l y s t .   T h u s ,   t h e  

30  p r o c e s s   o f   t h i s   i n v e n t i o n   i s   c o n s i d e r e d   to  be  a  m a r k e d  

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

and  u p g r a d i n g   d i e s e l   o i l s   c o n t a i n i n g   s u l f u r   i m p u r i t i e s  
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or  i n s t a b i l i t y - c a u s i n g   i m p u r i t i e s ,   and  i s   b e l i e v e d   t o  
be  of   p a r t i c u l a r   c o m m e r c i a l   s i g n i f i c a n c e .  

As  i n d i c a t e d   a b o v e ,   t h e   p r o c e s s   of  t h i s   i n v e n t i o n  

can   be  u s e d   to  p u r i f y   and  u p g r a d e   d i e s e l   f u e l   o i l s ,   t o  

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

c e t a n e   n u m b e r   and  r e d u c e   R a m s b o t t o m   c a r b o n   c o n t e n t .   I n  

g e n e r a l ,   d i e s e l   o i l s   a f t e r   r e a c t i o n   in   s t e p   (a)   of  t h e  

p r e s e n t   i n v e n t i o n   and  h a v i n g   a  s u l f u r   c o n t e n t   up  t o  
a b o u t   4%  by  w e i g h t ,   a  s t a b i l i t y   as  d e t e r m i n e d   by  t h e  

10  N a l c o   t e s t   of   up  to  a b o u t   20  or   h i g h e r ,   and  a  
R a m s b o t t o m   c a r b o n   c o n t e n t   of   up  to  a b o u t   15%  or  h i g h e r  

can   be  p u r i f i e d   and  u p g r a d e d   a c c o r d i n g   to  t h e   p r o c e s s  
of  t h i s   i n v e n t i o n   to   o b t a i n   a  d i e s e l   f u e l   h a v i n g   on  t h e  
o r d e r   of  a b o u t   5 -70%  s u l f u r   i m p u r i t y   c o n t e n t   r e m o v a l ,   a  

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

a b o u t   7  or   l e s s ,   a  c e t a n e   n u m b e r   i m p r o v e m e n t   f o r   t h e  

p r o d u c t   of   t h e   p r o c e s s   of   t h i s   i n v e n t i o n   of  a b o u t   5  t o  

a b o u t   20  c e t a n e   n u m b e r s   a b o v e   f e e d   and  a  s i g n i f i c a n t  
r e d u c t i o n   in   R a m s b o t t o m   c a r b o n   c o n t e n t   i n c l u d i n g   t h e  

20  a b i l i t y   to   a c h i e v e   a  R a m s b o t t o m   c a r b o n   c o n t e n t   of  l e s s  

t h a n   a b o u t   0 .3%.   1. 

In  a d d i t i o n ,   t h e   d i e s e l   o i l   u p g r a d e d   in  a c c o r d a n c e  

w i t h   t h e   p r o c e s s   of   t h i s   i n v e n t i o n   can   be  u s e d   p e r   s e  
or  as  a  b l e n d i n g   s t o c k   to  p r o d u c e   d e s i r e d   p r o d u c t s ,  

25  s u c h   as  a  d i e s e l   f u e l   h a v i n g   an  i m p r o v e d   c e t a n e   n u m b e r .  

For   e x a m p l e ,   t h e   h i g h - c e t a n e ,   low-  s u l f u r   r a f f i n a t e  

o b t a i n e d   in   t h e   p r o c e s s   a c c o r d i n g   to  t h e   i n v e n t i o n   c a n  
be  b l e n d e d   w i t h   o t h e r   d i e s e l   f u e l s   or  c y c l e   o i l s   w h i c h  

may  h a v e   a d e q u a t e   s t a b i l i t i e s   b u t   low  c e t a n e ,   or  i n  
30  some  c a s e s   h i g h   s u l f u r ,   to  o b t a i n   a  d i e s e l   f u e l   m e e t i n g  

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

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

t h i s   i n v e n t i o n   d e s c r i b e d   a b o v e   can   be  a d v a n t a g e o u s l y  
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c o n d u c t e d   in   a  b a t c h w i s e ,   semi   - c o n t i n u o u s   or   c o n t i n u o u s  

m a n n e r   . 
The  f o l l o w i n g   e x a m p l e s   a r e   g i v e n   to  i l l u s t r a t e   t h e  

p r o c e s s   of   t h e   p r e s e n t   i n v e n t i o n   in   g r e a t e r   d e t a i l .  

5  T h e s e   s p e c i f i c   e x a m p l e s   a r e   g i v e n   f o r   t h e   p u r p o s e   o f  

e x e m p l i f i c a t i o n ,   and  a r e   n o t   to  be  c o n s t r u e d   as  in   a n y  

way  l i m i t i n g   t h e   p r a c t i c e   of   t h e   t h e   p r o c e s s   of  t h e  

p r e s e n t   i n v e n t i o n .   In  t h e   e x a m p l e s   to   f o l l o w ,   u n l e s s  

o t h e r w i s e   i n d i c a t e d ,   t h e   r e a c t i n g   of   t h e   d i e s e l   o i l  

1Q  w i t h   an  o x i d a n t   c o m p r i s i n g   an  o x i d i z i n g   gas   w a s  
c o n d u c t e d   u s i n g   a  s e m i - b a t c h   r e a c t o r   s y s t e m   c o n s i s t i n g  

of   a  j a c k e t e d   c y l i n d r i c a l   v e s s e l   c a p a b l e   o f  

a c c o m m o d a t i n g   a  o n e - l i t e r   c h a r g e .   The  r e a c t o r   w a s  

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

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

e q u i p p e d   w i t h   a  t h e r m o m e t e r ,   a  s a m p l e   w i t h d r a w a l   t u b e  

and  a  g l a s s   c o n d e n s e r .   A  g a s   i n l e t   t u b e   p a s s i n g   i n t o  

t h e   b o t t o m   of   t h e   r e a c t o r   was  u s e d   to   i n t r o d u c e   t h e  

o x i d i z i n g   gas   t h r o u g h   a  s p a r g e r   to  t h e   o i l   p r e v i o u s l y  

2Q  c h a r g e d   to   t h e   r e a c t o r .   In  t h e   e x a m p l e s   to  f o l l o w ,   t h e  

d i e s e l   o i l   u s e d   was  one  h a v i n g   t h e   ^ p r o p e r t i e s   shown  i n  

T a b l e   1  a b o v e .  

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

i n d i c a t e d ,   f o r   r e a c t i n g   t h e   o x i d i z i n g   gas   w i t h   t h e  

25  d i e s e l   o i l   was  to  c h a r g e   a  w e i g h e d   a m o u n t   of  t he   o i l ,  

a p p r o x i m a t e l y   400  g r a m s ,   i n t o   t h e   r e a c t o r .   From  t h e  

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

t h e r e o f ,   t h e   t o t a l   m o l e s   of   s u l f u r   h e t e r o a t o m  

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

30  and  R a m s b o t t o m   c a r b o n   c o n t e n t   we re   k n o w n .  

The  o x i d a n t   gas   f l o w   r a t e   i n t o   t h e   r e a c t o r   was  s e t  

by  c o n s i d e r i n g   t h e   w e i g h t   r a t i o   of   o x i d a n t   to  d i e s e l  

gas   o i l   and  t h e   c o n t a c t   t i m e .   The  w e i g h t   r a t i o   s e t  
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f o r t h   in   t h e   e x a m p l e s   to   f o l l o w   i s   t h e   r a t i o   of   t o t a l  

w e i g h t   of  o x i d a n t   u s e d   f o r   a  p a r t i c u l a r   c o n t a c t   t i m e   t o  
t h e   t o t a l   w e i g h t   of   t h e   o i l   c h a r g e d .   C o n t r o l   of  t h e  
f l o w   r a t e   was  a c h i e v e d   u s i n g   a  r o t a m e t e r ,   a p p r o p r i a t e l y  

5  c a l i b r a t e d .   V a r i o u s   c o n t a c t   t i m e s   f o r   r e a c t i o n   of  5 ,  
15,  30  and  60  m i n u t e s ,   v a r i o u s   w e i g h t   r a t i o s   of   o x i d a n t  
to  t o t a l   f e e d   w e i g h t   of  0 . 0 1   to  0 . 1 4   we re   e m p l o y e d   a t  

an  i n i t i a l   r e a c t o r   t e m p e r a t u r e   of   25°C  u n l e s s   o t h e r w i s e  
i n d i c a t e d .   When  n i t r o g e n   d i o x i d e   was  u s e d   as  a n  

10  o x i d a n t ,   i t   was  m i x e d   w i t h   a i r   a t   a  v o l u m e   r a t i o   of  o n e  
p a r t   n i t r o g e n   d i o x i d e   to   f o u r   p a r t s   a i r .   When  o z o n e  
was  u s e d   as  an  o x i d a n t ,   t h e   o z o n e   was  g e n e r a t e d   w i t h  

o x y g e n   a t   a  v o l u m e   r a t i o   of  a b o u t   one  p a r t   by  v o l u m e  

o z o n e   to   t e n   p a r t s   by  v o l u m e   o x y g e n   b e f o r e   b e i n g  
15  i n t r o d u c e d   i n t o   t h e   r e a c t o r .  

In  o p e r a t i o n ,   when  u s i n g   a  g a s e o u s   o x i d a n t ,   a f t e r  
c a l c u l a t i o n   of  an  a p p r o p r i a t e   r o t a m e t e r   s e t t i n g ,   d i e s e l  
o i l   f e e d   was  c h a r g e d   to   t h e   r e a c t o r ,   t h e   r e a c t o r   w a s  
h e a t e d   to   t h e   p r e s c r i b e d   t e m p e r a t u r e ,   t h e   r o t a m e t e r  

20  v a l v e   was  o p e n e d   to   a c h i e v e   a p p r o p r i a t e   o x i d a n t   g a s  
f l o w   i n t o   t h e   r e a c t o r ,   and  t h e   t i m e r   was  s t a r t e d .   T h e  
r e a c t i o n   m i x t u r e   was  a g i t a t e d   by  a  s t i r r e r .  

T e m p e r a t u r e   m e a s u r e m e n t s   w e r e   made  a t   a p p r o p r i a t e  
i n t e r v a l s   and  a t   t h e   c o n c l u s i o n ,   f l o w   of  t h e   o x i d a n t  

?5  gas   was  s t o p p e d   and  a  s a m p l e   of  t h e   o x i d i z e d   d i e s e l   o i l  

was  o b t a i n e d   f o r   a n a l y s i s .   The  r e m a i n d e r   of  t h e  
r e a c t e d   o i l   was  t h e n   e m p l o y e d   in   e x t r a c t i o n .  

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

30  e x t r a c t i o n s .   In  t h e   e x t r a c t i o n   s e t   f o r t h   in   t h e  

e x a m p l e s   b e l o w ,   a p p r o x i m a t e l y   20  ml  of  o i l   was  p o u r e d  
i n t o   a  60  ml  s e p a r a t o r y   f u n n e l .   The  s o l v e n t   e m p l o y e d  
was  t h e n   a d d e d   to  t he   o i l   in   t he   s e p a r a t o r y   f u n n e l   i n  



-  50  -  

0 2 3 6 0 2 1  

an  a p p r o p r i a t e   r a t i o   by  w e i g h t   to   t h e   o i l .   T h e  

s e p a r a t o r y   f u n n e l   was  t h e n   s h a k e n   and  a l l o w e d   to  s t a n d  

f r o m   one   to   t h i r t y   m i n u t e s   a t   room  t e m p e r a t u r e   t o  

a c h i e v e   c o m p l e t e   s e p a r a t i o n .   A f t e r   t h e   s y s t e m   w a s  

5  s t a b i l i z e d ,   an  e x t r a c t   p h a s e   ( c o n t a i n i n g   s o l v e n t ,  

s u l f u r - c o n t a i n i n g   c o m p o u n d s ,   i n s t a b i l i t y - c a u s i n g  

c o m p o u n d s ,   n i t r o g e n -   c o n t a i n i n g   c o m p o u n d s   a n d  

c e t a n e -   i n h i b i t i n g   c o m p o u n d s )   was  c o l l e c t e d   and  t h e  

y i e l d   of   r a f f i n a t e   ( o i l   p l u s   m i n o r   a m o u n t   of   d i s s o l v e d  

10  s o l v e n t )   was  d e t e r m i n e d .   A l s o ,   a f t e r   e a c h   e x t r a c t i o n  

t h e   r a f f i n a t e   was  w a s h e d   t w i c e   w i t h   w a t e r ,   u s i n g   a  

w a t e r - t o - r a f f   i n a t e   r a t i o   of   1 . 0   by  w e i g h t   f o r   e a c h  

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

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

15  h a d   b e e n   r e m o v e d )   was  c o l l e c t e d   and  w e i g h e d .  

S u l f u r   a n a l y s i s   was  c o n d u c t e d   u s i n g   a  P r i n c e t o n  

G a m m a - T e c h   Mode l   100  c h e m i c a l   a n a l y z e r .   S t a b i l i t y  

a n a l y s i s   was  c o n d u c t e d   by  a  s t a n d a r d   N a l c o   t e s t ,   i . e . ,  

by  h e a t i n g   a  t u b e   c o n t a i n i n g   t h e   s a m p l e   of  o i l   f o r   9 0  

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

m i c r o p o r e   f i l t e r   and  No.  1  f i l t e r   p a p e r ,   f o l l o w e d   b y  

w a s h i n g   t h e   f i l t e r   and  t h e   f i l t e r   p a p e r   w i t h   h e p t a n e  

and  c o m p a r i n g   t h e   r e s i d u e   to   a  s t a n d a r d .   D e t e r m i n a t i o n  

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

25  d e t e r m i n e d   u s i n g   a  d i e s e l   t e s t   e n g i n e   (ASTM  D 6 1 3 ) .  

R a m s b o t t o m   c a r b o n   c o n t e n t   (ASTM  D524)   was  e v a l u a t e d   b y  

d i s t i l l i n g   90%  o v e r h e a d   and  t a k i n g   a  p o r t i o n   of  t h e  

b o t t o m   10%  w h i c h   was  b u r n e d   in   a  R a m s b o t t o m   o v e n ,   a f t e r  

w h i c h   t h e   r e s i d u e   was  w e i g h e d .  

30  U n l e s s   o t h e r w i s e   i n d i c a t e d   h e r e i n ,   a l l   p a r t s ,  

p e r c e n t   r a t i o s   and  t h e   l i k e   a r e   by  w e i g h t .  
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COMPARATIVE  EXAMPLE  1 

S a m p l e s   of   v i r g i n   a t m o s p h e r i c   gas   o i l   ( S t o c k   C,  a s  
d e s c r i b e d   in   T a b l e   1)  we re   i n d i v i d u a l l y   c o n t a c t e d   w i t h  
e a c h   s o l v e n t   shown  in  T a b l e   4  b e l o w .   T h i s   s t o c k   h a d  
n o t   r e a c t e d   p r i o r   to  e x t r a c t i o n .   Each   20  m i l l i l i t e r  

5  o i l   s a m p l e   was  c o n t a c t e d   w i t h   t h e   e x t r a c t i n g   s o l v e n t  
f o r   one  m i n u t e   by  s h a k i n g   w i t h   20  ml  of  e a c h   s o l v e n t .  
A f t e r   p h a s e   s e p a r a t i o n   had   o c c u r r e d ,   t h e   y i e l d   o f  
r a f f i n a t e   was  d e t e r m i n e d   and  e a c h   s a m p l e   was  e v a l u a t e d  
f o r   s u l f u r   c o n t e n t .  



-  52  -  

0 2 3 6 0 2 1  

Table  4 

Extraction  of  Atmospheric  6aa  Oil 
(Sulfur  Content.  1.19/Ci  S/O  l i l l  

Extracting-  Oil  Sulfur  Sulfur 
Solvent  Yield  Content  Removal 

i'/.i  (5C»  (XI 

Furfural  88.3  0.84  29.4 

g-amma-Butyrolactone  90.0  0.88  26.1 

Dimethyl  Formamide  (DMF)  85.4  0.70  41.2 

Ethylene  Diamine  (EDA)  94.5  0.96  19.3 

Hethyl  Carbitol  87.6  0.88  26.1 

Phenol  89.3  0.88  26.1 

Tetrahydrofurfuryl  Alcohol  89.7  0.93  21.9 

Aniline  85.1  0.95  20.2 

Dimethyl  Sulfoxide  (DMSO)  93.0  1.00  16.0 
t 
Sulfolane  96.5  1.  00  16.0 

Hitromethane  96.2  I.  00  16.0 

Ethyl  Cyanoacetate  98.6  1.06  10.9 

Ethylene  Chlorohydrin  91.7  1.02  14.3 

Acetic  Acid  92.6  1.14  4.2 

Acetonitrile  89.6  1.04  12.6 

Monoethanolamine  98.0  1.08  9.2 

Ethylene  Glycol  95.1  1.19  0 

l-Methyl-2-Pyrrolidone  79.8  0.72  39.5 

Methanol  87.8  1.14  4.2 

The  r e s u l t s   shown  in  T a b l e   4  d e m o n s t r a t e   t h a t   a  

h i g h   y i e l d   of   o i l   ( g r e a t e r   t h a n   a b o u t   90%)  c o u l d   n o t   b e  
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a c m e v e a   s i m u i r a n e o u s i y   w i t h   a  h i g h   d e g r e e   ( g r e a t e r  
t h a n   a b o u t   40%)  of  s u l f u r   h e t e r o   c o m p o u n d   r e m o v a l  
e m p l o y i n g   a  w i d e   r a n g e   of   s o l v e n t s   w h i c h   h a v e   b e e n  
c o n v e n t i o n a l l y   u s e d   in   p r i o r   m e t h o d s   f o r   e x t r a c t i o n   a n d  

5  i m p u r i t y   r e m o v a l ,   when  t h e   o i l   had   n o t   p r e v i o u s l y   b e e n  
o x i d i z e d .   A d d i t i o n a l   s o l v e n t s   we re   t e s t e d   a t   t h i s  
s o l v e n t - t o - o i l   r a t i o   b u t   we re   f o u n d   u n s u i t a b l e   f o r  
e x t r a c t i o n   b e c a u s e   of  m i s c i b i l i t y .   T h e s e   s o l v e n t s   w e r e  
a c e t o n e ,   h e x a n e ,   2 - b u t a n o n e ,   2 - o c t a n o n e ,   n i t r o b e n z e n e ,  

10  i s o b u t y l   a m i n e ,   d i e t h y l a m i n e ,   e t h y l   a c e t a t e ,   p y r i d i n e ,  
m e t h y l e n e   c h l o r i d e ,   d i e t h y l   e t h e r ,   2 - p r o p a n o l ,  
t r i c h l o r o e t h a n e ,   and  t r i c h l o r o e t h e n e .  

COMPARATIVE  EXAMPLE  2 
A  0 . 5   l i t e r   s a m p l e   of   a t m o s p h e r i c   gas   o i l ,   S t o c k   C 

15  as  d e s c r i b e d   in   T a b l e   1,  was  o x i d a n t   r e a c t e d   a t   1 0 ° C ,  
one  a t m o s p h e r e   p r e s s u r e ,   u s i n g   a  s t r e a m   of   25%  b y  
w e i g h t   n i t r o g e n   d i o x i d e   in   a i r ,   f o r   a  c o n t a c t   t i m e   o f  
60  m i n u t e s .   The  r e a c t i o n   s e v e r i t y   was  m e a s u r e d   by  t h e  
w e i g h t   r a t i o   of   N 0 2 / o i l ,   w h i c h   i s   d e f i n e d   as  t h e   r a t i o  

!0  of   w e i g h t   of  N02  a d d e d   w i t h i n   t h e   g i v e n   c o n t a c t   t i m e   t o  
t h e   w e i g h t   of   o i l   c h a r g e d .   For  t h i s   r e a c t i o n ,   t h e  

N 0 2 / o i l   r a t i o   was  a b o u t   0 . 0 4 .   A  20  m i l l i l i t e r   s a m p l e  
of  t h i s   o x i d i z e d   o i l   was  t h e n   e x t r a c t e d   u s i n g   20  ml  o f  
e a c h   s o l v e n t   shown  in  T a b l e   5  b e l o w ,   u s i n g   t h e   s a m e  

!5  p r o c e d u r e s   as  d e s c r i b e d   a b o v e   in   C o m p a r a t i v e   E x a m p l e   1 .  
From  F i g u r e   3,  c o m p a r i s o n s   of  e x t r a c t i o n   y i e l d s  

m u s t   be  made  a t   e q u a l   l e v e l s   of   o x i d a t i o n   s e v e r i t y ,  
t a k e n   as  t h e   d e g r e e   of   s u l f u r   r e d u c t i o n   o v e r   t h e  
t r e a t i n g   r e a c t o r .   A l l   s e v e r i t i e s   in   T a b l e   5  a r e  

0  a p p r o x i m a t e l y   e q u a l .   The  y i e l d s   of  T a b l e   5  f o r   p h e n o l  
and  a n i l i n e   a r e   a t   l e a s t   10%  too   h i g h ,   due  to  t h e  
i n a b i l i t y   to  r e m o v e   t h e s e   s o l v e n t s   by  w a t e r   w a s h i n g .  
A l s o ,   e t h y l e n e   d i a m i n e   i s   u n s u i t a b l e   due  to  i t s  
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r e a c t i v i t y ,   as  d i s c u s s e d   in   C o m p a r a t i v e   E x a m p l e   7 

h e r e i n a f t e r .  

A l l   s o l v e n t s   of   T a b l e   5  h a v i n g   a  low  d i p o l e   m o m e n t  

g i v e   low  y i e l d s ,   low  s u l f u r   r e m o v a l ,   or   b o t h .  
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A d d i t i o n a l   s o l v e n t s   t e s t e d   a t   t h i s   s o l v e n t - t o - o i l  

r a t i o   and  f o u n d   u n s u i t a b l e   b e c a u s e   of   m i s c i b i l i t y   w e r e  

a c e t o n e ,   h e x a n e ,   2 - b u t a n o n e ,   2 - o c t a n o n e ,   n i t r o b e n z e n e ,  

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

5  m e t h y l e n e   c h l o r i d e ,   d i e t h y l   e t h e r ,   2 - p r o p a n o l ,  

t r i c h o l o r o e t h a n e ,   and  t r i c h l o r o e t h e n e   . 

COMPARATIVE  EXAMPLE  3 

A  one  l i t e r   s a m p l e   of   a t m o s p h e r i c   gas   o i l ,  
10  S t o c k   C,  as  d e s c r i b e d   in   T a b l e   1,  was  o x i d a n t   r e a c t e d  

a t   10°C,   and  one  a t m o s p h e r e   p r e s s u r e ,   u s i n g   a  s t r e a m   o f  

15%  by  w e i g h t   n i t r o g e n   d i o x i d e   in   a i r ,   f o r   c o n t a c t  

t i m e s   o f   15,  30,   60,  and  80  m i n u t e s .   The  r e a c t i o n  

s e v e r i t y   was  m e a s u r e d   by  t h e   w e i g h t   r a t i o   of  I f t ^ / o i l ,  
15  w h i c h   i s   d e f i n e d   as  t h e   r a t i o   of   g r a m s   of   N02  a d d e d  

w i t h i n   t h e   g i v e n   c o n t a c t   t i m e   to  t h e   g r a m s   of   o i l  

c h a r g e d .   E a c h   o x i d i z e d   o i l   was  w a t e r - w a s h e d   a t   a  

w a t e r / o i l   w e i g h t   r a t i o   of   1 . 0 .   S u l f u r   r e m o v a l   a n d  

h i g h e r   c e t a n e   n u m b e r   i m p r o v e m e n t   in   t h e   o i l   w e r e   a c c o m -  

20  p l i s h e d ,   as  shown  in   T a b l e   6,  b o t h   i n c r e a s i n g   as  t h e  

w e i g h t   r a t i o   of   N 0 2 / o i l   was  i n c r e a s e d .   T h e r e   i s   a n  

u n a v o i d a b l e   and  u n d e s i r a b l e   i n c r e a s e   of  N a l c o   s t a b i l i t y  

r a t i n g   and  R a m s b o t t o m   c a r b o n   to  u n a c c e p t a b l e   l e v e l s .  

O x i d a t i o n   i m p r o v e s   t h e   c e t a n e   n u m b e r   and  r e m o v e s   s u l f u r  

25  f rom  t h e   o i l   b u t   r e s u l t s   in   o x i d i z e d   o i l   b e i n g  

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

c o n t e n t   . 
T h i s   c o m p a r a t i v e   e x a m p l e   c l e a r l y   shows   t h a t   t h e  

p r i o r   a r t   t e a c h i n g   of   n i t r o g e n   o x i d e   r e a c t i o n   d o e s  

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

u n a c c e p t a b l e   d e t e r i o r a t i o n   of   s t a b i l i t y   and  R a m s b o t t o m  

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

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

Table  6 

Oxidation  of  Diesel  Oil  with  NO 

Weight  Ramsbottom 
Ratio  3  in  Oil  H  in  Oil  Cetane  Number  Nalco  Stability  Carbon 
0  /Oil)  (XI  (ppml  (XI (HO  /Oill  (XI 2 

0 

0.007 

0.015 

0.030 

0.040 

1.19 

1.09 

1.05 

0.87 

0.70 

2/ 0.040-  0.66 

60 

1113 

2713 

6365 

7150 

5000 

54.3 

61.9 

68.1 

72.4 

72.0 

67.0 

0.15 

1/ » 2 0 -  

»20 

»20 

»20 

15 

18.73 

5.64 

COMPARATIVE  EXAMPLE  4  

S a m p l e s   of  v i r g i n ,   u n t r e a t e d   a t m o s p h e r i c   gas   o i l ,  
S t o c k   CC,  as  d e s c r i b e d   in   T a b l e   1,  we re   i n d i v i d u a l l y  
c o n t a c t e d   w i t h   e a c h   s o l v e n t   shown  in  T a b l e   7  b e l o w .  

Each   20  m i l l i m e t e r   o i l   s a m p l e   was  c o n t a c t e d   f o r   o n e  
m i n u t e   by  s h a k i n g   t h e   o i l   w i t h   e a c h   s o l v e n t   a t   t h e  

i n d i c a t e d   s o l v e n t - t o - o i l   r a t i o .   A f t e r   p h a s e   s e p a r a t i o n  
had   o c c u r r e d ,   t h e   y i e l d   of  d i e s e l   o i l   s e p a r a t e d  

( r a f f i n a t e )   was  d e t e r m i n e d   and  e a c h   s a m p l e   was  a n a l y z e d  
f o r   s u l f u r   c o n t e n t   and  c e t a n e   n u m b e r .   The  r e s u l t s   s h o w  

t h a t   a  h i g h   y i e l d   of  o i l   g r e a t e r   t h a n   90%  c o u l d   n o t   b e  

1/  The  symbol  >>  means  "much  greater  than". 

2/  Alkali  washed  with  sodium  hydroxide  aqueous  solution  (  5M  )  at  1  ,  1  weight 
ratio  to  o i l .  
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a c h i e v e d   s i m u l t a n e o u s l y   w i t h   a  h i g h   s u l f u r   r e m o v a l   o f  

g r e a t e r   t h a n   40%,  and   a  s u b s t a n t i a l   c e t a n e   n u m b e r  

i m p r o v e m e n t .   In  a d d i t i o n ,   u n e c o n o m i c a l l y   h i g h  
s o l v e n t - t o - o i l   r a t i o s   w i t h   a s s o c i a t e d   low  r a f f i n a t e  

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

e v e n   m o d e r a t e   c e t a n e   i m p r o v e m e n t ,   f o r   t h e   T a b l e   7  d a t a  

w i t h o u t   p r i o r   t r e a t m e n t   w i t h   n i t r o g e n   o x i d i z i n g   a g e n t s  

o r   o z o n e .  

Table  7 

Solvent  Extraction  of  Diesel  Oil"  ̂  

Extracting  Solvent 
Solvent-to-Oil 

Ratio 
Extraction 
Oil  Yield 

m  
S  in  Oil 

CO 

Sulfur 
Removal 

Cetane 
Number 

gamma  -Butyro- 
lactone 0.55 93.6 0.57 El.  9 55.8 

gamma  -Butryo- 
lactone 

Furfural 

DMF 

DMF 

DMSO 

Sulfolane 

2.00 

0.70 

0.25 

0.50 

2.50 

9.00 

87.4 

91.2 

94.1 

89.7 

86.7 

88.7 

0.33 

0.51 

0.62 

0.51 

0.34 

0.38 

54.8 

30.1 

15.1 

30.1 

53.4 

47.9 

52.7 

53.9 

55.0 

55.2 

62.9 

60.7 

1  -He  thy  1-2- 
Pyrrolidone 0.25 93.1 0.58 20.5 56.4 

l-Methyl-2- 
Pyrrolidone 0.38 88.9 0.51 30.1  57.3 

1/  Diesel  Oil  i  Cetane  No.  52.7,  0.73Z  S. 
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UUMFARATIVE  EXAMPLE  5 
In  an  a t t e m p t   to   c o n t r o l   t h e   R a m s b o t t o m   c a r b o n   a n d  

s t a b i l i t y   by  r e d u c i n g   t h e   a c i d / o i l   r a t i o   in   r e a c t i o n ,  
a t m o s p h e r i c   gas   o i l ,   S t o c k   K2,  as  d e s c r i b e d   in   T a b l e   1 
was  r e a c t e d   w i t h   90%  HN03  a t   an  0 . 0 0 2 5   a c i d / o i l   w e i g h t  

5  r a t i o .   The  c e t a n e   r a t i n g   of  t h e   r e a c t e d   d i e s e l   o i l   w a s  
o n l y   48  and  t h e   n i t r o g e n   c o n t e n t   was  350  p p m .  

The  R a m s b o t t o m   c a r b o n   c o n t e n t   of  t h e   r e a c t e d  
d i e s e l   o i l   was  1 .52%,   c o n s i d e r a b l y   a b o v e   t h e   c o m m e r c i a l  
s p e c i f i c a t i o n   l e v e l   of  0 .3%  f o r   a  d i e s e l   f u e l .  

10  A l t h o u g h   t h e   N a l c o   s t a b i l i t y   was  n o t   m e a s u r e d ,  
s i g n i f i c a n t   d e p o s i t s   f o r m e d   upon   s t o r a g e   f o r   20  d a y s ,  
i n d i c a t i n g   t h e   s t a b i l i t y   r a t i n g   w o u l d   e x c e e d   1 5 .  

I t   d o e s   n o t   a p p e a r   to  be  p o s s i b l e   to  a c h i e v e  
s i g n i f i c a n t   c e t a n e   i m p r o v e m e n t s   by  r e a c t i o n   w i t h   a  

15  n i t r o g e n o u s   o x i d i z i n g   a g e n t   w i t h o u t   e n c o u n t e r i n g  
s i m u l t a n e o u s   r e a c t i o n   s e l e c t i v i t y   p r o b l e m s   w h i c h   a r e  
h a r m f u l   to  R a m s b o t t o m   c a r b o n   and  s t a b i l i t y  
s p e c i f i c a t i o n s   . 

< 
10  COMPARATI  V  E  EXAMP  L E _ 6  

N i t r o g e n   i s   known  to  c o n t r i b u t e   R a m s b o t t o m   c a r b o n  
and  s t a b i l i t y   p r o b l e m s   in  d i e s e l   f u e l s .   T h e r e f o r e ,   a  
n i t r o g e n   r e m o v a l   s o l v e n t ,   f o r m i c   a c i d ,   d i s c l o s e d   i n  
U .S .   P a t e n t   No.  4 , 4 8 5 , 0 0 7   as  b e i n g   an  e x c e l l e n t  

!5  n i t r o g e n   r e m o v a l   s o l v e n t ,   was  t e s t e d .  

S t o c k   CC,  as  d e s c r i b e d   in  T a b l e   1,  was  r e a c t e d  
w i t h   g a s e o u s   n i t r o g e n   d i o x i d e   and  e x t r a c t e d   w i t h   f o r m i c  
a c i d   a t   a  1 .0   s o l v e n t - t o - o i l   r a t i o   u s i n g   t h e   p r o c e d u r e s  
of  U .S .   P a t e n t   No.  4 , 4 8 5 , 0 0 7 .   The  r a f f i n a t e   p r o d u c t  

10  o b t a i n e d   s t i l l   had  a  R a m s b o t t o m   c a r b o n   c o n t e n t   of  1 . 5 %  
and  a  s t a b i l i t y   of  17.  T h e s e   p o o r   r e s u l t s   d e m o n s t r a t e  
t h a t   c o n t r o l   of  R a m s b o t t o m   c a r b o n   and  s t a b i l i t y  
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r e q u i r e s   more   t h a n   a  g o o d   n i t r o g e n   r e m o v a l   s o l v e n t .   As  

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

d i p o l e   moment   of   1 .2   d o e s   n o t   m e e t   t h e   d i p o l e   c r i t e r i a  

of   t h e   p r e s e n t   i n v e n t i o n   and  i s   n o t   a  s u i t a b l e   s o l v e n t .  

5  I t   i s   c o n c l u d e d   t h a t   t h e   n i t r o g e n o u s   o x i d i z i n g  

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

c o m p o u n d s   r e m o v e d   d u r i n g   e x t r a c t i o n   a r e   u n k n o w n ,   a n d  

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

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

10  t h a t   r e a c t i o n - e x t r a c t i o n   r e s u l t s   a r e   p o o r   w h i l e ,   b a s e d  

u p o n   t h e   p r i o r   a r t ,   t h e y   w o u l d   h a v e   b e e n   e x p e c t e d   to  b e  

e x c e l l e n t .   The  c e t a n e -   R a m s b o t t o m   c a r b o n - s t a b i l i t y  

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

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

15  w i t h   t h e   t e a c h i n g s   of   t h e   p r i o r   a r t .  

COMPARATIVE  EXAMPLE  7 

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

e t h y l e n e   d i a m i n e   d i s c l o s e d   in   U.S .   P a t e n t   No.  4 , 4 8 5 , 0 0 7  

20  was  u s e d   to   e x t r a c t   r e a c t e d   d i e s e l   o i l ,   S t o c k   X  a s  

d e s c r i b e d   in   l i a b l e   1.  The  o i l   d i e s e l   had  b e e n   r e a c t e d  

w i t h   a  n i t r o -   g e n o u s   o x i d i z i n g   a g e n t ,   n i t r i c   a c i d ,   a t   a  

n i t r i c   a c i d -   t o -   o i l   w e i g h t   r a t i o   of  0 . 0 1 .   S u b s t a n t i a l  

h e a t   and   f u m e s   w e r e   r e l e a s e d ,   p r o b a b l y   as  a  r e s u l t   o f  

25  an  a c i d - b a s e   r e a c t i o n   a s s o c i a t e d   w i t h   an  a c t i v e   b a s e  

a m i n e   g r o u p .   T h i s   a m i n e   s o l v e n t   was  n o t   u s a b l e   in   t h e  

p r o c e s s   of   t h e   p r e s e n t   i n v e n t i o n   b e c a u s e   of  o x i d a n t  

r e a c t i v i t y .  

30  COMPARATIVE  EXAMPLE  8 

G a s e o u s   n i t r o g e n   d i o x i d e ,   l i q u i d   n i t r o g e n   d i o x i d e  

and  90%  n i t r i c   a c i d   w e r e   a d d e d   as  o x i d a n t s   to  a  w e l l  

m i x e d   s a m p l e   of   d i e s e l   o i l ,   a  c y c l e   o i l .   S t o c k   V,  
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h a v i n g   t h e   c h a r a c t e r i s t i c s   as  shown  in   T a b l e   1  i n  
p r o p o r t i o n s   s u f f i c i e n t   to  p r o v i d e   t h e   n i t r o g e n   c o n t e n t  
shown  in   F i g u r e   3.  The  c e t a n e   r a t i n g   of   e a c h   o i l  

s a m p l e   was  m e a s u r e d .   The  r e s u l t s   a r e   a l s o   shown  i n  
5  F i g u r e   4,  a f t e r   w a t e r   w a s h i n g   w i t h   a  1 :1   w e i g h t   r a t i o  

of  o i l   to   w a t e r .  

I t   i s   a p p a r e n t   t h a t   a l l   t h r e e   n i t r o g e n o u s   o x i d a n t s  
p r o v i d e   e q u i v a l e n t   c e t a n e   r a t i n g   of  t h e   o i l   p r o d u c t  
p r o d u c e d .   H o w e v e r ,   a l l   p r o d u c t s   e x h i b i t e d   a  p o o r  

10  s t a b i l i t y   and  R a m s b o t t o m   c a r b o n   c o n t e n t ,   s i n c e   s o l v e n t  
e x t r a c t i o n   was  n o t   c o n d u c t e d ,   s i m i l a r   to   t h e   r e s u l t s  
o b t a i n e d   in   C o m p a r a t i v e   E x a m p l e   1.  I n d e e d ,   w i t h i n   t h e  
few  m i n u t e s   r e q u i r e d   to   c o n d u c t   c e t a n e   e n g i n e   t e s t i n g ,  
t h e   o i l   i n j e c t o r s   in   t h e   e n g i n e   f o i l e d   s u b s t a n t i a l l y ,  

15  i l l u s t r a t i n g   t h a t   t h e   p r o d u c t   of  C o m p a r a t i v e   E x a m p l e   8  
i s   u n s u i t a b l e   as  a  d i e s e l   f u e l   in   s p i t e   of   h i g h   c e t a n e  

r a t i n g s   of  F i g u r e   4 .  

EXAMPLE  1 
20  S a m p l e s   of  a t m o s p h e r i c   gas   o i l ,   S t o c k   C,  as  s h o w n  

in  T a b l e   1,  we re   r e a c t e d   w i t h   o x i d a n t   in   a c c o r d a n c e  
w i t h   t h e   p r o c e d u r e s   d e s c r i b e d   in   C o m p a r a t i v e   E x a m p l e   2 
a b o v e   u s i n g   a  w e i g h t   r a t i o   of  n i t r o g e n   d i o x i d e   to  t h e  
t o t a l   w e i g h t   of  f e e d   d i e s e l   o i l   of  a b o u t   0 . 0 1 4 .  

25  F o l l o w i n g   t h e   r e a c t i o n ,   s a m p l e s   of   t h e   o x i d a n t  
r e a c t e d   o i l   we re   e x t r a c t e d   w i t h   t h e   s o l v e n t s   s e t   f o r t h  
in   T a b l e   8  b e l o w   u s i n g   t h e   e x t r a c t i o n   p r o c e d u r e s   a s  
d e s c r i b e d   a b o v e   in   C o m p a r a t i v e   E x a m p l e   1.  The  r e s u l t s  
o b t a i n e d   a r e   shown  in  T a b l e   8  b e l o w .  

30  By  c o m p a r i s o n   of   t h e   r e s u l t s   of  t h e   p r e s e n t  
i n v e n t i o n   shown  in  T a b l e   8  w i t h   t h e   c o m p a r i s o n   r e s u l t s  
shown  in  T a b l e   4  w i t h o u t   o x i d a n t   t r e a t m e n t   and  t h e  

c o m p a r i s o n   r e s u l t s   in  T a b l e   5  f o r   i n f e r i o r   s o l v e n t s ,  
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i b s t a n t i a l   i m p r o v e m e n t s   ah  j r ^ - ^  

imova l   a r e   a c h i e v e d .  
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I t   c a n   be  s e e n   t h a t   t h e   o x i d a n t   r e a c t e d   a n d  

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

and  s u l f u r   r e m o v a l   c o m p a r e d   to   t h e   e x t r a c t e d   u n r e a c t e d  

o i l   p r o d u c e d   i n   C o m p a r a t i v e   E x a m p l e   1 .  

5  EXAMPLE  2 

S a m p l e s   of   a t m o s p h e r i c   gas   o i l ,   S t o c k   C,  a s  

d e s c r i b e d   in   T a b l e   1,  w e r e   r e a c t e d ,   e x c e p t   f o r   u s i n g   a  

s t r e a m   of   6 .5%  by  w e i g h t   o z o n e   and  o x y g e n   f o r   a  c o n t a c t  

t i m e   of   240  m i n u t e s .   The  w e i g h t   r a t i o   of   o z o n e   to  t h e  

10  t o t a l   w e i g h t   of   a t m o s p h e r i c   gas   o i l   f e e d   was  a b o u t  

0 . 0 2 9 .  

F o l l o w i n g   t h e   r e a c t i o n ,   s a m p l e s   of   t h e   o x i d a n t  

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

i n   T a b l e   9  b e l o w   u s i n g   t h e   e x t r a c t i o n   p r o c e d u r e s   a s  

15  d e s c r i b e d   a b o v e   in   E x a m p l e   1.  The  r e s u l t s   o b t a i n e d   a r e  

shown  i n   T a b l e   9  b e l o w ,   s h o w i n g   s u b s t a n t i a l  

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

T a b l e   4.  As  shown  in   F i g u r e   3,  s u l f u r   r e m o v a l   and  o i l  

y i e l d   a r e   i n t e r r e l a t e d   t h r o u g h   a d j u s t m e n t s   i n  

20  s o l v e n t - t o - o i l   r a t i o .   H e n c e ,   one  s k i l l e d   in   t h e   a r t  

can   a d j u s t   t h e   c o n d i t i o n ^   u s e d   to   p r o d u c e   t h e   r e s u l t s  

in   T a b l e   9  to   a c h i e v e   s u p e r i o r   r e s u l t s   in  b o t h   y i e l d  

and  s u l f u r   r e m o v a l   c o m p a r e d   to   t h e   r e s u l t s   in   T a b l e   4 .  

25 
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Table  9 

Extraction  of  Ozone  Reacted  Atmospheric  Ga»  Oil 

Extracting  Extraction  Oil  Sulfur  Sulfur 
5  Solvent  Feed  S  Yield  Content  Removal 

(X)  IX)  <X)  (X) 

Furfural  0.68  80.0  0.17  75.0 

gamma-Butyrolaetone  0.68  86.0  0.23  66.2 

1q  Dimethyl  Formamide  0.68  77.0  0.16  76.5 

Dimethyl  Sulfoxide  0.96  93.7  0.71  26.0 

F u r t h e r ,   a  t h r e e   ' l i t e r   s a m p l e   of   a t m o s p h e r i c   g a s  
o i l ,   S t o c k   X,  as  d e s c r i b e d   in   T a b l e   1,  was  r e a c t e d   a t  

25°C  w i t h   10%  by  w e i g h t   o z o n e   in   a i r ,   f o r   r e a c t i o n  
15  t i m e s   of  6,  15,  and  22  h o u r s .   The  c e t a n e   n u m b e r   of   t h e  

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

i n c r e a s i n g   o x i d a n t / o i l   c o n t a c t   t i m e ,   as  shown  i n  

T a b l e   10  b e l o w .  

A l t h o u g h   t h e   p r i o r   a r t   w o u l d   s u g g e s t   t h a t  

20  n i t r a t i o n   i s   n e c e s s a r y   to   i m p r o v e   c e t a n e   r a t i n g ,   t h e  

r e s u l t s   of  T a b l e   10  b e l o w   d e m o n s t r a t e   t h a t   o z o n a t i o n  

a l s o   i m p r o v e s   c e t a n e   r a t i n g .   M e a s u r e m e n t s   of   s t a b i l i t y  
of  t h e   o x i d a n t   r e a c t e d   o i l   p r i o r   to  e x t r a c t i o n   w e r e  

a l s o   a t t e m p t e d ,   b u t   t h e   s t a b i l i t y   was  so  bad   t h a t   t h e  

25  f i l t e r   was  p l u g g e d ,   r e n d e r i n g   s t a b i l i t y   m e a s u r e m e n t s  

i m p o s s i b l e   . 
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20 

T a b l e   1 0  

R e a c t i o n   of   D i e s e l   O i l   W i t h   O z o n e  
Time  S  i n   O i l   C e t a n e   N u m b e r  
(h r>   (%) 

0  1 . 0 7   5 8 . 0  

5  6  0 . 9 5   6 3 . 0  

15  0 . 7 5   7 1 . 4  

22  0 . 5 0   7 5 . 0  

E x t r a c t i o n   of   t h e   T a b l e   10  p r o d u c t   w h i c h   had   b e e n  

10  s u b j e c t e d   to   a  1 5 - h o u r   o x i d a t i o n   as  in   E x a m p l e   2  w i t h  

one  of   t h e   p r e f e r r e d   s o l v e n t s   of   t h e   p r e s e n t   i n v e n t i o n ,  

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

d e m o n s t r a t e d   by  t h e   r e s u l t s   in   T a b l e   11  b e l o w .  

T a b l e   11  

15  R e a c t i o n   of   D i e s e l   O i l   W i t h  
Ozone   P l u s   g a m m a - b u t y r o l a c t o n e   E x t r a c t i o n  

N a l c o   S u l f u r  
S/O  R a t i o   Y i e l d   S u l f u r   C o n t e n t   S t a b i l i t y   R e m o v a l  

(%)  (%)  (%) 

2Q  0 . 2 5   9 0 . 0   0 . 3 5   4  5 3 . 3  

0 . 5 0   8 8 . 0   0 . 2 8   5  6 2 . 7  

1 . 0 0   8 7 . 0   0 . 1 8   3  7 6 . 0  

From  t h e   r e s u l t s   p r e s e n t e d   in   T a b l e   11  a b o v e ,   i t  

c a n   be  f u r t h e r   s e e n   t h a t   o z o n e   i s   a  s u i t a b l e   o x i d a n t  

25  f o r   u s e   in   t h e   p r o c e s s   a c c o r d i n g   to  t h e   p r e s e n t  

i n v e n t i o n .   In  a d d i t i o n ,   in   T a b l e   10  t h e s e   r e s u l t s  

d e m o n s t r a t e   t h a t   t h e   i m p r o v e m e n t   o b t a i n e d   in   c e t a n e  

n u m b e r   i s   n o t   s o l e l y   due  to   n i t r a t i o n   of   t h e   f e e d s t o c k ,  

s i n c e   in   t h i s   c a s e   a  n o n - n i t r o g e n o u s   o x i d a n t ,   o z o n e ,  

30  was  u s e d .  
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EXAMPLE  3 

R e a c t i o n   of   s a m p l e s   of  a t m o s p h e r i c   gas   o i l ,  
S t o c k   C,  as  d e s c r i b e d   in   C o m p a r a t i v e   E x a m p l e   1,  w i t h  
o x i d a n t   was  c a r r i e d   o u t   u n d e r   v a r y i n g   o x i d a t i o n  
c o n d i t i o n s   v a r y i n g   f rom  m i l d   to  s e v e r e .   Each  of  t h e  
o x i d a n t   r e a c t e d   a t m o s p h e r i c   gas   o i l   c h a r g e s   was  t h e n  
e x t r a c t e d   u s i n g   g a m m a - b u t y r o l a c t o n e   a t   f o u r   d i f f e r e n t  
s o l v e n t - t o - o i l   r a t i o s   of  0 . 1 ,   0 . 2 ,   0 . 5   and  1 .0   f r o m  
l e f t   to  r i g h t   in   F i g u r e   3.  The  r e s u l t s   shown  i n  

F i g u r e   2  a r e   r e p r o d u c e d   in   F i g u r e   3  and  a g a i n   t h e   S / O  
r a t i o   f o r   e x t r a c t i o n   of   u n t r e a t e d   o i l   i s   shown  a t   t h e  
d a t a   p o i n t s .   The  r e s u l t s   o b t a i n e d   a r e   shown  i n  
T a b l e   12  b e l o w   and  in   FIG.  3,  w h i c h   i l l u s t r a t e s   t h e  
e f f e c t   of   o x i d a n t   r e a c t i o n   c o n d i t i o n s   on  e x t r a c t i o n  
w i t h   g a m m a - b u t y r o l a c t o n e   in   t e r m s   of  r a f f i n a t e   y i e l d  
and  s u l f u r   c o n t e n t .  

I t   i s   a p p a r e n t   f rom  t h e   r e s u l t s   shown  in  T a b l e   12 
and  FIG.  3  t h a t   good   y i e l d s   of  r a f f i n a t e   can   b e  

a c h i e v e d ,   a l o n g   w i t h   s u b s t a n t i a l   i m p r o v e m e n t   in  s u l f u r  
r e m o v a l .   S p e c i f i c a l l y ,   t h e   e x t r a c t i o n   of  s u l f u r   w a s  
much  more  e f f e c t i v e   in   o i l   a f t e r   o x i d a n t   r e a c t i o n ,   a n d  
f o r   t h e   same  p e r c e n t   s u l f u r   r e m o v a l   ( i n   t h e   e x t r a c t i o n  

s t e p   o n l y ) ,   t h e   e x t r a c t i o n   o i l   y i e l d s   were   h i g h e r   f o r  
r e a c t e d   o i l   t h a n   f o r   u n r e a c t e d   o i l ,   e v e n   u s i n g   a  v e r y  
m i l d   o x i d a n t   t r e a t m e n t   (1 .1%  S  in  p r o d u c t   o i l ) .   T h i s  
e n h a n c e m e n t   was  f u r t h e r   i m p r o v e d   w i t h   i n c r e a s i n g  

s e v e r i t y   in   t h e   o x i d a t i o n   r e a c t i o n .   In  a d d i t i o n ,   a  
g r e a t   s a v i n g   in   s o l v e n t   r e c o v e r y   was  o b s e r v e d .   F o r  

e x a m p l e ,   a  s o l v e n t - t o - o i l   (S /O)   r a t i o   of  5 . 0   w a s  
r e q u i r e d   to  r e m o v e   50%  of  t h e   s u l f u r   f rom  u n o x i d i z e d  
Dil  ( 1 . 1 9 %   S) ,   w h i l e   a  S/O  r a t i o   of  o n l y   1 .0   w a s  
s u f f i c i e n t   to  o b t a i n   t he   same  p e r c e n t   s u l f u r   r e d u c t i o n  
in  t h e   o x i d i z e d   o i l   w i t h   1.1%  s u l f u r ,   w i t h   a  h i g h e r   o i l  



0 2 3 6 0 2 1  

-  68  -  

y i e l d .   T a b l e   12  d e s c r i b e s   t h e   e f f e c t   of  o x i d a t i o n  

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

f o r   o t h e r   o x i d a t i o n   s e v e r i t y   l e v e l s .  

As  i s   e v i d e n t   f rom  F i g u r e   3,  t h e   c o m p a r a t i v e  
5  e f f e c t s   of   v a r i o u s   s o l v e n t s   m u s t   t a k e   i n t o   a c c o u n t   t h e  

o x i d a t i o n   s e v e r i t y ,   and  v a r i o u s   y i e l d s   can   be  a c h i e v e d  

w i t h   d i f f e r i n g   l e v e l s   of   s u l f u r   r e m o v a l .   F u r t h e r ,   t h e  

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

In  t h e   e x a m p l e s   h e r e i n ,   t h e s e   c o m p l e x i t i e s   h a v e   b e e n  

10  t a k e n   i n t o   a c c o u n t ,   b u t   c a r e   m u s t   be  t a k e n   in   m a k i n g  

c o m p a r i s o n s   b e y o n d   t h o s e   c o n t a i n e d   w i t h i n   e a c h  

i n d i v i d u a l   t a b l e   h e r e i n .  

15 
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T a b l e   12 

g a m m a - B u t y r o l a c t o n e   E x t r a c t i o n  
of   U n o x i d i z e d   and  O x i d i z e d   AGO 

S u l f u r   In  O i l   S u l f u r   I n  
f o r   E x t r a c t i o n   S/O  R a t i o   E x t r a c t e d   O i l   Y i e l d  

(%)  (%)  (%) 

Not  O x i d i z e d  

1 . 1 9   0 .2   1 . 1 1   9 7 . 0  
1 . 1 9   0 . 5   1 .02   9 5 . 0  
1 . 1 9   1 .0   0 . 9 2   9 0 . 3  
1 . 1 9   2 . 0   0 . 7 9   8 8 . 2  
1 . 1 9   3 . 0   0 . 7 2   8 3 . 9  
1 . 1 9   5 . 0   0 . 5 9   8 1 . 0  
1 . 1 9   9 . 2   0 . 4 6   7 3 . 9  

O x i d i z e d  

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

0 . 8 8  
0 . 8 8  
0 . 8 8  
0 . 8 8  

0 . 1  
q . 2  
0 . 5  
1 . 0  

0 . 5 6  
0 . 5 6  
0 . 5 6  
0 . 5 6  

0 . 1  
0 . 2  
0 . 5  
1 . 0  

0 . 6 9  
0.  61  
0 . 5 0  
0 . 4 9  

9 5 . 4  
9 2 . 9  
8 9 . 3  
8 5 . 8  

0 . 3 7  
0 . 3 6  
0 . 2 6  
0.  18  

9 3 . 3  
9 1 . 5  
8 8 . 0  
8 2 . 8  

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

0 . 2 4   9 5 . 0  
0 . 1 9   9 4 . 0  
0 . 1 4   9 0 . 5  
0 . 1 0   8 8 . 0  
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EXAMPLE  4  

A  o n e -   l i t e r   s a m p l e   of   a t m o s p h e r i c   gas   o i l ,  

S t o c k   CC,  as  d e s c r i b e d   in   T a b l e   1  was  o x i d i z e d   f o r   3 0  

m i n u t e s   u s i n g   90%  HNOg  a t   a  w e i g h t   r a t i o   of  H N O ^ / d i e s e l  
o i l   f e e d   of   0 . 0 1   a t   a  t e m p e r a t u r e   of  25°C  in   a c c o r d a n c e  

5  w i t h   t h e   p r o c e s s   of   t h e   p r e s e n t   i n v e n t i o n .   The  o x i d a n t  

r e a c t e d   o i l   o b t a i n e d   was  t h e n   e x t r a c t e d   w i t h   m i x t u r e s  

of   d i m e t h y l f o r m a m i d e   and  w a t e r ,   as  s e t   f o r t h   in   T a b l e  

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

a b o v e   f o r   C o m p a r a t i v e   E x a m p l e   1  .  The  r e s u l t s   o b t a i n e d  

10  a r e   s e t   f o r t h   in   T a b l e   13  b e l o w .   The  r e s u l t s   show  t h a t  

t h e   w a t e r   c o n t e n t   of   t h e   s o l v e n t   can   be  a d j u s t e d   t o  

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

i n v e n t i o n .  

S t i l l   f u r t h e r ,   s e l e c t e d   s o l v e n t s   of   t h e   p r e s e n t  
15  i n v e n t i o n   a r e   c o m p a r e d   to   c o m p a r i s o n   s o l v e n t s   i n  

T a b l e   14.  The  r a f f i n a t e s   f rom  t h e   h i g h   d i p o l e   m o m e n t  

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

R a m s b o t t o m   c a r b o n ,   and  s t a b i l i t y   c o m p a r e d   to  t h e  

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

20  S t i l l   f u r t h e r ,   a n o t h e r   s o l v e n t   of  t h e   p r e s e n t  

i n v e n t i o n ,   f u r f u r a l ,   i s   shown  in   T a b l e   15  to  h a v e  

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

o p e r a t e d   a t   a  s i g n i f i c a n t l y   l o w e r   s o l v e n t - t o - o i l   r a t i o .  

25 
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T a b l e   13  

E x t r a c t i o n   of  R e a c t e d   S t o c k   CC 

A/0  = 0 . 0 1  
E x t r a c t i o n   Feed   S u l f u r   =  0 . 7 3 %  

R a f f i n a t e   Y i e l d .   % 

R a f f i n a t e   S u l f u r   R e m o v a l   100%  DMF  90%  DMF  ^  

30%  9 1 . 5   9 3 . 5  

40%  8 8 . 0   9 0 . 5  

1/  Wi th   10%  w a t e r .  
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f a b l e   1 4  

E x t r a c t i o n   of   R e a c t e d   S t o c k   CC 

A/O  = 0 . 0 1  
E x t r a c t i o n   F e e d   S u l f u r   =  0 . 7 3 %  

Raffinate  properties 

Solvent sulfur  content  i i e i a  
is.  i 

1/ Hitromethane-  (Present  invention  I  u.ix: 

2/ p.*  i  .  —  rn  .-X  T  M.  I  1  n  It Dime  thy  If  ormam  lde 

3/ Methanol- 

4 /  Acetic  Acid" 

l  Present  invention  I  u . s i  

I  Comparison  I  0.61 

(Comparison!  0.52 

i/.  i 

97.7 

82.  8 

90.95 

87.2 

rtansDoico* 
Carbon 

m  

1.22 

0.36 

1.74 

1.97 

7 

9 

16 

6 

1/  Dipole  moment  =  3.13. 

2/  Dipole  moment  =  3.86. 

3/  Dipole  moment  =  1.70. 

4/  Dipole  moment  =  160.  
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T a b l e   15 

S o l v e n t  

1 /  

E x t r a c t i o n   of  R e a c t e d   S t o c k   CC 

A/0  = 0 . 0 1  

E x t r a c t i o n   Feed   S u l f u r   =  0 . 6 6  

Y i e l d  
(%) 

S o l v e n t -  
S u l f u r   R e m o v a l   t o - O i l   R a t i o  

F u r f u r a l — '  
( P r e s e n t   I n v e n t i o n )   9 0  

M e t h a n o l ^  
( C o m p a r i s o n )   9 0  

M e t h a n o l ^  
( C o m p a r i s o n )  

(%) 

4 0  

2 2  

0 . 6  

1 . 2  

1/  D i p o l e   moment   =  3 . 6 .  

2 /   D i p o l e   moment   =  1 . 7 .  
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EXAMPLE  5 

A  o n e - l i t e r   s a m p l e   of   a t m o s p h e r i c   gas   o i l ,  

S t o c k   CC,  as  d e s c r i b e d   in   T a b l e   1,  was  o x i d i z e d   f o r   3 0  

m i n u t e s   u s i n g   90%  HN03  a t   a  w e i g h t   r a t i o   of  H N O g / o i l  
f e e d   of   0 . 0 1   a t   a  t e m p e r a t u r e   of   28°C  in  a c c o r d a n c e  

5  w i t h   t h e   p r o c e s s   of   t h e   p r e s e n t   i n v e n t i o n .   B e f o r e  

i n t r o d u c i n g   t h e   o x i d a n t   i n t o   t h e   r e a c t o r ,   r ^SO^   in  t h e  

t h r e e   c o n c e n t r a t i o n s   s e t   f o r t h   in   T a b l e   16  b e l o w   w a s  

a d d e d   to   t h e   90%  n i t r i c   a c i d .   The  o x i d i z e d   o i l  

o b t a i n e d   was  t h e n   e x t r a c t e d   w i t h   g a m m a - b u t y r o l a c t o n e  

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

C o m p a r a t i v e   E x a m p l e   1  a t   a  s o l v e n t - t o - o i l   r a t i o   of  0 . 5 .  

The  r e s u l t s   o b t a i n e d   w e r e   s e t   f o r t h   in   T a b l e   14  b e l o w .  

W i t h   t h e   p r e s e n t   i n v e n t i o n ,   e x c e l l e n t   c e t a n e ,  

R a m s b o t t o m   c a r b o n ,   s t a b i l i t y   and  y i e l d s   we re   a c h i e v e d  

15  w h e r e   w i t h   H2S04  o n l y   ( s e e   T a b l e   1 6 ) ,   an  i n f e r i o r  

c e t a n e   r a t i n g   was  o b t a i n e d .  

20 
4 



Q 
o 
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EXAMPLE  6 

S e v e r a l   d i e s e l   o i l s   ( s t o c k s   w i t h   c h a r a c t e r i s t i c s  

as  d e s c r i b e d   in   T a b l e   1)  as  d e s c r i b e d   in   T a b l e   17  b e l o w  

w e r e   r e a c t e d   w i t h   90%  HN03  a t   an  0 . 0 1   a c i d / o i l   w e i g h t  

r a t i o   to  p r o d u c e   r e a c t e d   d i e s e l   o i l s   of   a b o u t   1400  ppm 
5  n i t r o g e n .   The  r e a c t e d   o i l s   we re   e x t r a c t e d   w i t h  

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

v a r i e t y   of   e x t r a c t i o n   c o n d i t i o n s .  

The  r e s u l t s   a r e   s u m m a r i z e d   in   T a b l e   17  b e l o w ,  

d i s p l a y i n g   t h e   r a t i o   of   t h e   r a f f i n a t e   c e t a n e   to   t h e  

10  r e a c t e d   d i e s e l   o i l   c e t a n e .   Over   a  w i d e   r a n g e   o f  

c o n d i t i o n s   o v e r   95%  of   t h e   c e t a n e   of   t h e   r e a c t o r  

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

and  t h e   s t a b i l i t y   w e r e   g r e a t l y   i m p r o v e d .   T h e s e   d a t a  

i l l u s t r a t e   t h a t   t h e   c e t a n e   can   be  c o n t r o l l e d   in   t h e  

15  r e a c t o r ,   and  was  n o t   l o s t   u p o n   e x t r a c t i o n   w i t h   t h e  

s o l v e n t s   of   t h e   p r e s e n t   i n v e n t i o n .   In  c o n t r a s t ,   a s  

d i s c l o s e d   i n   B r i t i s h   P a t e n t   No.  4 9 1 , 6 4 8 ,   c e t a n e   w a s  

l o s t   u p o n   u s e   of   t h e   s o l v e n t s   d i s c l o s e d   t h e r e i n .  

T a b l e   17  shows   t h a t   e x t r a c t i o n   d o e s   n o t   c o n t r i b u t e   t o  

20  t h e   c e t a n e   r a t i n g   a c h i e v e d ,   in   c o n t r a s t   to   t h e   p r i o r  

a r t   e f f e c t s   shown  in   T a b l e   7 .  

25 
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T a b l e   17  

D i e s e l   %  CN 
.ock  & o i v e n c   s / o   Y i e l d   R e t a i n e d  

(%) 

Kl  90%  DMF  .25  9 5 . 9   1 0 2 . 2  

K2  90%  DMF  .25  9 7 . 8   9 6 . 9  

K4  90%  DMF  .5  9 1 . 5   9 7 . 2  

K4  90%  DMF  .25  9 7 . 1   1 0 2 . 3  

K5  90%  DMF  .25  9 7 . 1   9 8 . 3  

K5  90%  DMF  .75  9 5 . 1   9 4 . 8  

K6  90%  DMF  .26  9 8 . 3   9 6 . 1  

K6  90%  DMF  .75  9 6 . 4   9 2 . 2  

CC  F u r f u r a l   .3  9 3 . 4   9 3 . 3  

CC  F u r f u r a l   .6  9 0 . 1   8 8 . 6  

CC  F u r f u r a l   1  8 6 . 5   8 9 . 5  

CC  F u r f u r a l   2  8 0 . 4   9 6 . 4  

CC  DMSO  .2  9 7 . 0   9 3 . 1  

CC  DMSO  .4  9 5 . 6   9 3 . 8  
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D i e s e l   %  CN 
S t o c k   S o l v e n t   S/O  Y i e l d   R e t a i n e d  

(%) 

CC  DMSO  1  9 3 . 4   9 8 . 6  

CC  g a m m a -  
B u t y r o -  
l a c t o n e   .36  9 4 . 0   9 8 . 0  

CC  F u r f u r a l   .36  9 5 . 1   9 8 . 0  

CC  DMF  .25  9 2 . 8   9 8 . 0  

CC  l - M e t h y l - 2 -  
p y r r o l i -  
d o n e   .3  9 0 . 8   9 8 . 6  

CC  S u l f o l a n e   2 . 0 3   9 3 . 6   9 5 . 4  

CC  F u r f u r a l   .23  9 5 . 7   1 0 0 . 8  

CC  F u r f u r a l   .35  9 2 . 0   8 5 . 4  

CC  F u r f u r a l   .5  9 3 . 2   9 4 . 5  



-  79  -  

0 2 3 6 0 2 1  

T a b l e   17  ( C o n t i n u e d )  
D i e s e l   

"  
%  CN 

S t o c k   S o l v e n t   S/O  Y i e l d   R e t a i n e d  S t o c k   S o l v e n t   S/O  Y i e l d  
(%) 

CC  F u r f u r a l   .25  9 2 . 3  

CC  F u r f u r a l   .99  8 7 . 5  

CC  F u r f u r a l   .25  9 5 . 5  

CC  DMF  .5  8 3 . 6  

CC  DMF  .5  8 6 . 1  

CC  DMF  .5  8 5 . 0  

CC  g a m m a -  
B u t y r o -  
l a c t o n e   .5  9 2 . 3  

CC  g a m m a -  
B u t y r o -  
l a c t o n e   .5  9 1 . 9  

CC  g a m m a -  
B u t y r o -  
l a c t o n e   .5  9 3 . 0  

CC  g a m m a -  
B u t y r o -  
l a c t o n e   .5  8 8 . 7  

CC  g a m m a -  
B u t y r o -  
l a c t o n e   .5  9 2 . 2  

CC  DMF  .5  8 6 . 1  

CC  DMF  .5  8 3 . 6  

98.  1 

8 4 . 2  

9 5 . 5  

9 9 . 1  

95.  1 

1 0 0 . 6  

9 7 . 6  

1 0 1 . 6  

1 0 6 . 8  

9 7 . 6  

1 0 7 . 3  

95.  1 

9 9 . 8  
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T a b l e   17  ( C o n t i n u e d )  
D i e s e l   %  CN 

ock   S o l v e n t   S/O  Y i e l d   R e t a i n e d  
(%) 

CC  DMF  .29  9 3 . 4   9 7 . 0  

CC  90%  DMF  .25  9 7 . 3   8 9 . 1  

CC  DMF  .151   9 4 . 5   9 0 . 9  

CC  90%  DMF  .5  9 5 . 4   9 0 . 3  

CC  DMF  .25  9 2 . 4   8 8 . 5  

CC  90%  DMF  .1  9 7 . 2   9 1 . 8  

CC  DMF  .25  9 2 . 3   9 7 . 5  

CC  DMF  .5  8 7 . 7   9 9 . 8  

CC  DMF  1  8 1 . 6   1 0 0 . 6  

CC  DMF  2  7 3 . 8   1 0 4 . 1  

CC  DMF  .5  8 8 . 4 5   9 2 . 0  

CC  DMF  .5  8 7 . 4   1 0 2 . 2  

CC  DMF  .5  8 5 . 7   9 5 . 1  
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T a b l e   17  ( C o n t i n u e d )  

M  /o 
Number   RA  S o l v e n t   S/O  Y i e l d   R e t a i n e d  

(ppm)  (%) 

KD  2363  DMF  .3  8 5 . 9   9 7 . 6  

TD  1492  DMF  .3  9 0 . 1   9 5 . 0  

5  KG  2992  DMF  .3  7 7 . 0   8 9 . 5  

KW  1788  DMF  .3  8 7 . 2   9 8 . 5  

CB  1682  DMF  .3  8 9 . 3   9 6 . 8  

TS  2371  DMF  .3  8 4 . 3   1 0 0 . 5  

10  TH  1553  DMF  .3  8 9 . 7   9 5 . 8  

G  1818  DMF  .3  8 4 . 5   1 0 0 . 0  

CN  R e t a i n e d   =  r a f f i n a t e   c e t a n e   b a s e d   on  r e a c t e d   o i l  
c e t a n e .  

,15  EXAMPLE  7 

O x i d i z e d   o i l   p r o d u c t s   f rom  E x a m p l e   3  w e r e  

s u b j e c t e d   to   more   e x t e n s i v e   p h a s e   e q u i l i b r i a   a n a l y s i s .  

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

h e t e r o a t o m s   a r e   b e i n g   a d d e d   to   t h e   s u b s t r a t e   m a t e r i a l  

20  w h i c h   e n h a n c e   t h e   a f f i n i t y   of   t h e   s o l v e n t   in  t h e  

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

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

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

s e l e c t i v e   e x t r a c t i o n   of  s u l f u r   c o m p o u n d s ,   i s   a  

25  p a r t i c u l a r l y   s u r p r i s i n g   a s p e c t   of  t h e   p r o c e s s   of  t h e  

p r e s e n t   i n v e n t i o n .  

The  f u n d a m e n t a l   s h i f t   in   t h e   e x t r a c t i o n  

e q u i l i b r i u m   i s   d r a m a t i c a l l y   e v i d e n t   f rom  t h e   t e r n a r y  

e q u i l i b r i u m   d i a g r a m s   shown  in  F i g u r e s   5  and  6  w h e r e   i n  

30  F i g u r e s   5  and  6  p e r c e n t   s o l v e n t   ( g a m m a - b u t y r o l a c t o n e ) ,  
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p e r c e n t   s u l f u r ,   and  p e r c e n t   o i l   a r e   shown.   T h e  

e q u i l i b r i u m   c o m p o s i t i o n   of   t h e   r a f f i n a t e   and  e x t r a c t  

p h a s e s   f rom  an  e x t r a c t i o n   a r e   c o n n e c t e d   by  t h e   s o l i d  

l i n e s .   S e v e r a l   l i n e s   a r e   shown  a t   s e v e r a l   d i f f e r e n t  

5  s o l v e n t - t o - o i l   r a t i o s .  

As  i s   e v i d e n t   f r o m   F i g u r e   5,  e q u i l i b r i u m   d a t a   o n  
o x i d a n t   u n r e a c t e d   d i e s e l   f u e l   ( 1 . 1 9 %   s u l f u r   u s e d   i n  

E x a m p l e   3)  do  n o t   p r o v i d e   a  b a s i s   f o r   i m p r o v e m e n t .   I n  

p a r t i c u l a r ,   t h e   p h a s e   l i n e s   i l l u s t r a t e   a  n e g a t i v e  

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

s u l f u r   f rom  t h e   o x i d a n t   u n r e a c t e d   d i e s e l   o i l .   F o r  

e x a m p l e ,   t h e   p o i n t   shows   t h a t   t h e   r a f f i n a t e   p h a s e  
c o n t a i n e d   2%  g a m m a - b u t y r o l a c t o n e   and  0 .97%  s u l f u r  

w h e r e a s   t h e   c o r r e s p o n d i n g   e x t r a c t   p h a s e   E^  c o n t a i n e d  

15  91%  g a m m a - b u t y r o l a c t o n e   and   0 .48%  s u l f u r .   In  a n  
e x t r a c t i o n   p r o c e s s   f o r   t h e   p u r p o s e   of   s u l f u r   r e m o v a l ,   a  

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

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

p e r f o r m a n c e   of   t h e   v a r i e t y   of   s o l v e n t s   in   T a b l e   4 .  

20  By  c o n t r a s t ,   when  o p e r a t i n g   in   a c c o r d a n c e   w i t h   t h e  

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

r e a c t e d   p r i o r   to   e x t r a c t i o n   as  d i s c u s s e d   in   E x a m p l e   3 .  

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

i s   shown  in   F i g u r e   6.  T h e s e   d a t a   e x h i b i t   t h e   d e s i r a b l e  

25  p o s i t i v e   s l o p e .   The  p o i n t   R^  shows  t h a t   t h e   r a f f i n a t e  

c o n t a i n e d   0 . 3 6 %   s u l f u r ,   w i t h   a b o u t   2% 

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

c o n t a i n e d   1 .24%  s u l f u r   w i t h   a b o u t   46% 

g a m m a - b u t y r o l a c t o n e .   T h i s   o x i d i z e d   o i l   now  e x h i b i t s  

30  e x c e l l e n t   e x t r a c t i o n   e f f i c i e n c y ,   u n l i k e   t h e   o x i d a n t  

u n r e a c t e d   d i e s e l   o i l   f o r   c o m p a r i s o n   as  shown  i n  

F i g u r e   5.  T h e s e   e x c e l l e n t   r e s u l t s   a c c o u n t   f o r   t h e  
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p e r f o r m a n c e   or  m e   v a r i e t y   or  s o l v e n t s   of   t h e   p r e s e n t  
i n v e n t i o n   as  shown  in  T a b l e   8 .  

EXAMPLE  8 

5  A  one  l i t e r   s a m p l e   of  a t m o s p h e r i c   gas   o i l ,  
S t o c k   CC  as  d e s c r i b e d   in   T a b l e   1,  was  r e a c t e d   w i t h  
10°C,   one  a t m o s p h e r i c   p r e s s u r e ,   u s i n g   90%  HNO  b y  
w e i g h t ,   f o r   a  c o n t a c t   t i m e   of  60  m i n u t e s ,   a t   a n  
a c i d / o i l   ( A / 0 )   r a t i o   of  0 . 0 1 .   The  A/0  r a t i o   i s   d e f i n e d  

10  as  t h e   r a t i o   of  w e i g h t   of  HN03  ( c a l c u l a t e d   as  100% 
HN03)  a d d e d   w i t h i n   t h e   c o n t a c t   t i m e   to  t h e   w e i g h t   o f  
o i l   c h a r g e d .   A f t e r   r e a c t i o n ,   e a c h   20  m i l l i l i t e r   s a m p l e  
of   t h e   o x i d a n t   r e a c t e d   d i e s e l   o i l   s a m p l e   was  c o n t a c t e d  
w i t h   e a c h   s o l v e n t   shown  in  T a b l e   18  b e l o w   u s i n g   t h e  

15  p r o c e d u r e s   s e t   f o r t h   in   C o m p a r a t i v e   E x a m p l e   2.  As  c a n  
be  s e e n   f rom  the   r e s u l t s ,   e x t r a c t i o n   of  o x i d a n t   r e a c t e d  
d i e s e l   o i l   w i t h   s e l e c t i v e   s o l v e n t s   of  t h i s   i n v e n t i o n  
i m p r o v e s   t h e   N a l c o   s t a b i l i t y   and  R a m s b o t t o m   c a r b o n   o f  
t h e   d i e s e l   o i l   w h i l e   r e t a i n i n g   i t s   c e t a n e   n u m b e r  

!0  e n h a n c e m e n t .  

In  a d d i t i o n ,   in   T a b l e   18,  one  s o l v e n t   was  t e s t e d  
w i t h   c o u n t e r c u r r e n t   e x t r a c t i o n ,   w h i c h   e x h i b i t s  
e f f i c i e n c i e s   s i m i l a r   to  t h o s e   p r a c t i c e d   c o m m e r c i a l l y .  
The  y i e l d ,   s u l f u r   r e m o v a l ,   s t a b i l i t y   and  R a m s b o t t o m  

■5  c a r b o n   a r e   a l l   f u r t h e r   i m p r o v e d   r e l a t i v e   to  t h e  
e x c e l l e n t   r e s u l t s   shown  in  T a b l e s   8  t h r o u g h   16  h e r e i n .  

u 
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Table  18 

Solvent 

Extraction  of  Oxidized  Diesel  Oil 

Unoxidized  Oili  0.732  S,  52.7  Cetane 
Oxidized  Oil  From  0.01  A/O  Ratio  With  90Z  HNO 

100X  Yield,  0.70X  S,  62  Cetane  Kumber,  3 

77.  Ramsbottom  Carbon,  and  Greater  Than 
20  Nalco  Stabi l i ty  

Extraction  Nalco  Ramsbottom 
S/O  Ratio  Oil  Yield  S  In  Oil  Stability  Cetane  Number  Carbon 

gamma- 
Butyro- 
lactone 

DMF 

DMF 

DMF 

DMSO 

Mitromethane 

Sulfolane 

1  -Me  thy  1-2- 
pyrrolidone 

l-Methyl-2- 
pyrrolidone 

1/ Furfural-  

Furfural 1 /  

Furfural 1 /  

0.50 

0.25 

0.50 

1.00 

1.0 

0.5 

2.0 

0.23 

0.38 

0.24 

0.56 

0.86 

92.8 

92.8 

88.0 

81.6 

93.4 

97.7 

92.1 

91.3 

87.2 

94.6 

92.3 

90.3 

0.51 

0.50 

0.46 

0.29 

0.49 

0.52 

0.39 

i 

0.42 

0.33 

0.49 

0.38 

0.29 

12 

11 

II 

5 

8 

8 

7 

9 

62.3 

67.7 

63.9 

62.7 

0.90 

1.21 

0.22 

0.89 

1.22 

0.62 

0.21 

0.14 

1/  Continuous  Extraction. 
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EXAMPLE  9 
F i v e   s a m p l e s   of   d i e s e l   o i l ,   S t o c k   X,  as  d e s c r i b e d  

in  T a b l e   1,  we re   o x i d i z e d   u s i n g   90%  HN03  a t   t h e  
f o l l o w i n g   A/0  r a t i o s :   0 . 0 0 1 2 ,   0 . 0 0 2 5 ,   0 . 0 0 5 0 ,   0 . 0 1 0  
and  0 . 0 5 .   T h e s e   o x i d a n t   r e a c t e d   o i l s   we re   f u r t h e r  

5  e x t r a c t e d   w i t h   DMF  to  d e t e r m i n e   t h e   r e l a t i o n s h i p  
b e t w e e n   o x i d a t i o n   c o n d i t i o n   and  r a f f i n a t e   y i e l d .  

T a b l e   19  b e l o w   shows   t h e   r e s u l t s   o b t a i n e d   f o r   t h e  
f i v e   s e m i - b a t c h   o x i d a t i o n s   w i t h   t h e   c e t a n e   n u m b e r   o f  
t h e   o x i d a n t   r e a c t e d   o i l .  

10  The  e f f e c t   of  c e t a n e   n u m b e r   i n c r e a s e   as  a  r e s u l t  
of   o x i d a t i o n   on  t o t a l   r a f f i n a t e   y i e l d s   o n  
o x i d a t i o n - e x t r a c t i o n   a r e   shown  in  T a b l e   20  b e l o w .   A 
50%  t o t a l   s u l f u r   r e m o v a l   was  u s e d   as  a  r e f e r e n c e   p o i n t  
and  t h e   t o t a l   y i e l d s   a r e   l i s t e d   c o r r e s p o n d i n g   to  t h e  

15  c e t a n e   n u m b e r   i n c r e a s e   of  t h e   o x i d a n t   r e a c t e d   d i e s e l  
o i l   due  to   o x i d a t i o n .   The  d a t a   show  t h a t   a  c e t a n e  
n u m b e r   i n c r e a s e   of  5  in   s t e p   (a )   as  in   t h i s   i n v e n t i o n  
i s   r e q u i r e d   to  p r o d u c e   an  o i l   y i e l d   e n h a n c e m e n t   in   t h e  

s u b s e q u e n t   e x t r a c t i o n   s t e p   ( b ) ,   and  t h e   r a f f i n a t e   y i e l d  
!0  e n h a n c e m e n t   i n c r e a s e s   w i t h   i n c r e a s i n g   c e t a n e   n u m b e r .   A 

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

:o 
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T a b l e   19  

O x i d a t i o n   of   S t o c k   X  W i t h   90%  HN03 

A/O  Y i e l d   S  C o n t e n t   N  C o n t e n t   C e t a n e   N u m b e r  
(%)  (%)  ( p p m )  

0  100  1 . 0 7   200  5 1 . 9  

0 . 0 0 1 2   9 9 . 7   1 . 0 7   234  5 1 . 7  

0 . 0 0 2 5   9 9 . 6   1 . 0 6   353  5 1 . 9  

0 . 0 0 5 0   9 9 . 5   1 . 0 3   686  5 3 . 0  

0 . 0 1 0 0   9 9 . 8   1 . 0 2   1375  6 1 . 1  

0 . 0 5 0 0   9 8 . 5   0 . 7 9   4960  6 2 . 5  

T a b l e   2 0  

E f f e c t   of   C e t a n e   N u m b e r  
I n c r e a s e   In  O x i d a t i o n   on  T o t a l   R a f f i n a t e   Y i e l d  

C e t a n e   Number   I n c r e a s e  
Due  to   O x i d a t i o n  

0  

1 

2 

T o t a l   Y i e l d   of  O x i d a t i o n -  
E x t r a c t i o n   ( w i t h   DMF)  f o r  

50%  S u l f u r   R e m o v a l  
(%) 

DMF 

7 9 . 5  

7 9 . 5  

7 9 . 5  

5 

1 0  

1 1  

8 2 . 5  

8 5 . 0  

9 0 . 0  

W h i l e   t h e   i n v e n t i o n   h a s   b e e n   d e s c r i b e d   in   d e t a i l  

w i t h   r e s p e c t   to   s p e c i f i c   e m b o d i m e n t s   t h e r e o f ,   i t   w i l l  

be  a p p a r e n t   to  one  s k i l l e d   in   t h e   a r t   t h a t  



0 2 3 6 0 2 1  

m o d i f i c a t i o n s   and  c h a n g e s  

d e p a r t i n g   f rom  t h e   s p i r i t  

87  -  

can   be  made  t h e r e i n   w i t h o u t  

and  s c o p e   t h e r e o f .  

1 
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CLAIMS  : 
1.  A  p r o c e s s   f o r   u p g r a d i n g   d i e s e l   o i l   to  p r o d u c e  

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

(a)   r e a c t i n g   a  d i e s e l   o i l ,   h a v i n g   a  b o i l i n g   p o i n t  
a t   n o r m a l   p r e s s u r e   of   a b o u t   3 0 0 ° F   to  a b o u t  

5  7 0 0 ° F ,   d e r i v e d   f rom  a  p e t r o l e u m   s o u r c e   w i t h  

an  o x i d a n t   s e l e c t e d   f rom  t h e   g r o u p   c o n s i s t i n g  
of   n i t r o g e n o u s   o x i d i z i n g   a g e n t s   and  o z o n e  
w h e r e i n  

(1)  t h e   r e a c t i n g   i s   to  an  e x t e n t   s u f f i c i e n t  
10  to   i n c r e a s e   t h e   c e t a n e   n u m b e r   of  t h e  

d i e s e l   o i l   o b t a i n e d   in   s t e p   (a)   by  a t  

l e a s t   5  c e t a n e   n u m b e r s   o v e r   t h e   c e t a n e  

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

s t e p   ( a ) ,   a n d  

15  (2)  ( i )   t h e   r e a c t i n g   i s   s u c h   t h a t   when  t h e  

o x i d a n t   i s   a  n i t r o g e n o u s   t r e a t i n g  

a g e n t ,   t h e   a m o u n t   of   o x i d a n t ,  

e q u i v a l e n t   on  a  100%  n i t r i c   a c i d  

b a s i s ,   i s   a b o u t   10%  or  l e s s   b y  
on  1 
20  w e i g h t   of   t h e   d i e s e l   o i l   f e e d   t o  

s t e p   (  a  )  ;  a n d  

( i i )   t h e   r e a c t i n g   i s   s u c h   t h a t   when  t h e  

o x i d a n t   i s   o z o n e ,   t h e   a m o u n t   o f  

o x i d a n t   i s   s u f f i c i e n t   to  a c h i e v e   a n  
25  a b o u t   10%  or   g r e a t e r   r e d u c t i o n   i n  

t h e   s u l f u r   c o n t e n t   of  t h e   r e a c t e d  

d i e s e l   o i l   o b t a i n e d   in   s t e p   ( a )  

o v e r   t h e   d i e s e l   o i l   f e e d   t o  

s t e p   (a)   ; 
30  (b)  c o n t a c t i n g   t h e   d i e s e l   o i l   f rom  s t e p   (a)   a b o v e  

w i t h   a n  

e x t r a c t i n g   s o l v e n t ,   t h e   e x t r a c t i n g   s o l v e n t  
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(1)  h a v i n g   a  d i p o l e   moment   of   a b o u t   2  o r  

g r e a t e r .  

(2)  b e i n g   s u b s t a n t i a l l y   i m m i s c i b l e   w i t h   t h e  

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

in  s t e p   ( a ) ,  

(3)  b e i n g   a  n o n h a l o g e n a t e d   s o l v e n t ,   a n d  

(4)  e x c l u d i n g   a m i n e s ,   w h i c h   a r e   r e a c t i v e  
w i t h   t h e   o x i d a n t ,  

10  or   a  m i x t u r e   of  s u c h   s o l v e n t s   or  a  w a t e r   m i x t u r e   o f  
s u c h   s o l v e n t s   c o m p r i s i n g   a b o u t   50%  by  w e i g h t   or  l e s s  

w a t e r ;   a n d  

(c)   s e p a r a t i n g   s a i d   d i e s e l   o i l   f r om  s t e p   ( b )  
a b o v e   f rom  s a i d   e x t r a c t i n g   s o l v e n t   to   r e c o v e r  

15  u p g r a d e d   d i e s e l   f u e l .  

2.  The  p r o c e s s   of   c l a i m   1,  w h e r e i n   s a i d   o x i d a n t  
i s   a  n i t r o g e n o u s   o x i d i z i n g   a g e n t   and  s a i d   n i t r o g e n o u s  

o x i d i z i n g   a g e n t   i s   an  o x i d i z i n g   gas   c o m p r i s i n g   a t   l e a s t  

one  n i t r o g e n   o x i d e   w i t h   more  t h a n   one  o x y g e n   a tom  f o r  
20  e a c h   n i t r o g e n   a t o m .  

3.  The  p r o c e s s   of  c l a i m   1,  w h e r e i n   s a i d  

o x i d i z i n g   a g e n t   i s   a  n i t r o g e n o u s   o x i d i z i n g   a g e n t   a n d  

s a i d   n i t r o g e n o u s   o x i d i z i n g   a g e n t   i s   an  o x i d i z i n g   l i q u i d  

c o m p r i s i n g   a t   l e a s t   one  n i t r o g e n   o x i d e   w i t h   more  t h a n  
25  one  o x y g e n   a tom  f o r   e a c h   n i t r o g e n   a t o m .  

4.  The  p r o c e s s   of  c l a i m   1,  w h e r e i n   s a i d   o x i d a n t  
i s   a  n i t r o g e n o u s   o x i d i z i n g   a g e n t   and  s a i d   n i t r o g e n o u s  

o x i d i z i n g   a g e n t   i s   an  o x i d i z i n g   l i q u i d   c o m p r i s i n g  
n i t r i c   a c i d   or  n i t r o u s   a c i d   and  f rom  a b o u t   0  to  90%  b y  

30  w e i g h t   w a t e r .  

5.  The  p r o c e s s   of  c l a i m   1.  w h e r e i n   s a i d   o x i d a n t  
i s   o z o n e .  
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6.  The  p r o c e s s   o f   c l a i m   1,  w h e r e i n   s a i d   r e a c t i n g  

s t e p   (a )   i s   c o n d u c t e d   i n   t h e   p r e s e n c e   of  a t   l e a s t   o n e  

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

a c i d s ,   i n o r g a n i c   a c i d s   and  m i x t u r e s   t h e r e o f .  

5  7.  The  p r o c e s s   of   c l a i m   1,  w h e r e i n   s a i d   n i t r o g e n  

o x i d i z i n g   a g e n t   i s   e m p l o y e d ,   on  a  n i t r o g e n   e q u i v a l e n t  

b a s i s   to   100%  n i t r i c   a c i d ,   in   a  w e i g h t   r a t i o   of  a b o u t  

0 . 0 0 0 1   to   a b o u t   0 . 1   to   s a i d   d i e s e l   o i l .  

8.  The  p r o c e s s   of   c l a i m   1,  w h e r e i n   t h e   w e i g h t  

10  r a t i o   of   s a i d   e x t r a c t i n g   s o l v e n t   to   s a i d   d i e s e l   o i l   i s  

f r o m   a b o u t   0 . 0 1   to   a b o u t   5 .  

9.  The  p r o c e s s   of   c l a i m   1,  w h e r e i n   s a i d   d i e s e l  

o i l   c o n t a i n s   l e s s   t h a n   a b o u t   40%  by  w e i g h t   a r o m a t i c s .  

10.  The  p r o c e s s   of   c l a i m   1,  w h e r e i n   s a i d   d i e s e l  
15  o i l   c o n t a i n s   l e s s   t h a n   a b o u t   35%  by  w e i g h t   o l e f i n i c s .  

11.  The  p r o c e s s   of   c l a i m   1,  w h e r e i n   s a i d   d i e s e l  

o i l   c o n t a i n s   l e s s   t h a n   a b o u t   40%  by  w e i g h t   a r o m a t i c s  

and   l e s s   t h a n   a b o u t   35%  by  w e i g h t   o l e f i n i c s .  

12.  A  p r o c e s s   f o r   u p g r a d i n g   d i e s e l   o i l   to  p r o d u c e  
20  an  u p g r a d e d   d i e s e l   f u e l   c o m p r i s i n g   t h e   s t e p s   o f :  

(a)   r e a c t i n g   a  d i e s e l   o i l ,   h a v i n g   a  b o i l i n g   p o i n t  

a t   n o r m a l   p r e s s u r e   of  a b o u t   3 0 0 ° F   to  a b o u t  

7 0 0 ° F ,   d e r i v e d   f rom  a  p e t r o l e u m   s o u r c e   w i t h  

an  o x i d a n t   s e l e c t e d   f rom  t h e   g r o u p   c o n s i s t i n g  
25  of  n i t r o g e n o u s   o x i d i z i n g   a g e n t s   and  o z o n e  

w h e r e i n  

(1)  t h e   r e a c t i n g   i s   to  an  e x t e n t   s u f f i c i e n t  

to   i n c r e a s e   t h e   c e t a n e   n u m b e r   of  t h e  

d i e s e l   o i l   o b t a i n e d   in   s t e p   (a)   by  a t  

30  l e a s t   5  c e t a n e   n u m b e r s   o v e r   t h e   c e t a n e  

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

s t e p   (  a  )  ,  a n d  
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{i)   t n e   r e a c t i n g   i s   s u c h   t h a t   when  t h e  
o x i d a n t   i s   a  n i t r o g e n o u s   t r e a t i n g  
a g e n t ,   t h e   a m o u n t   of  o x i d a n t ,  

e q u i v a l e n t   on  a  100%  n i t r i c   a c i d  
b a s i s ,   i s   a b o u t   10%  or  l e s s   b y  
w e i g h t   of  t h e   d i e s e l   o i l   f e e d   t o  
s t e p   ( a ) ;   a n d  

( i i )   t h e   r e a c t i n g   i s   s u c h   t h a t   when  t h e  
o x i d a n t   i s   o z o n e ,   t h e   a m o u n t   o f  
o x i d a n t   i s   s u f f i c i e n t   to   a c h i e v e   a n  
a b o u t   10%  or  g r e a t e r   r e d u c t i o n   i n  
t h e   s u l f u r   c o n t e n t   of   t h e   r e a c t e d  
d i e s e l   o i l   o b t a i n e d   in   s t e p   ( a )  
o v e r   t h e   d i e s e l   o i l   f e e d   t o  

s t e p   ( a ) ;  

c o n t a c t i n g   t h e   d i e s e l   o i l   f rom  s t e p   (a)   a b o v e  
t f i th   an  e x t r a c t i n g   s o l v e n t ,   t h e   e x t r a c t i n g  
3 o l v e n t  

(1)  h a v i n g   a  d i p o l e   moment   of   a b o u t   2  o r  
g r e a t e r .  

[2)  b e i n g   s u b s t a n t i a l l y   i m m i s c i b l e   w i t h   t h e  
d i e s e l   o i l   a t   t h e   t e m p e r a t u r e   o f  

c o n t a c t i n g   w i t h   t he   d i e s e l   o i l   o b t a i n e d  
in  s t e p   ( a ) ,  

'3)  b e i n g   a  n o n h a l o g e n a t e d   s o l v e n t ,  

4)  e x c l u d i n g   a m i n e s ,   w h i c h   a r e   r e a c t i v e  
w i t h   t h e   o x i d a n t ,   a n d  

5)  c o n t a i n i n g   a t   l e a s t   one  of  t h e   f o l l o w i n g  
f u n c t i o n a l   g r o u p s :  
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or   a  m i x t u r e   of   s u c h   s o l v e n t s   or   a  w a t e r   m i x t u r e   o f  

20  s u c h   s o l v e n t s   c o m p r i s i n g   a b o u t   50%  by  w e i g h t   or   l e s s  

w a t e r ;   a n d  

(c)   s e p a r a t i n g   s a i d   d i e s e l   o i l   f rom  s t e p   ( b )  

a b o v e   f rom  s a i d   e x t r a c t i n g   s o l v e n t   to  r e c o v e r  

u p g r a d e d   d i e s e l   f u e l .  

25  13.  The  p r o c e s s   o f   c l a i m   12,  w h e r e i n   s a i d   o x i d a n t  

i s   a  n i t r o g e n o u s   o x i d i z i n g   a g e n t   and  s a i d   n i t r o g e n o u s  

o x i d i z i n g   a g e n t   i s   an  o x i d i z i n g   gas   c o m p r i s i n g   a t   l e a s t  

one   n i t r o g e n   o x i d e   w i t h   more   t h a n   one  o x y g e n   a tom  f o r  

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

30  14.  The  p r o c e s s   of  c l a i m   12,  w h e r e i n   s a i d  

o x i d i z i n g   a g e n t   i s   a  n i t r o g e n o u s   o x i d i z i n g   a g e n t   a n d  

s a i d   n i t r o g e n o u s   o x i d i z i n g   a g e n t   i s   an  o x i d i z i n g   l i q u i d  
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u o r a p r i s i n g   a t   l e a s i   one  n i t r o g e n   o x i d e   w i t h   more  t h a n  
one  o x y g e n   a tom  f o r   e a c h   n i t r o g e n   a t o m .  

15.  The  p r o c e s s   of  c l a i m   12,  w h e r e i n   s a i d   o x i d a n t  
i s   a  n i t r o g e n o u s   o x i d i z i n g   a g e n t   and  s a i d   n i t r o g e n o u s  
o x i d i z i n g   a g e n t   i s   an  o x i d i z i n g   l i q u i d   c o m p r i s i n g  
n i t r i c   a c i d   or  n i t r o u s   a c i d   and  f rom  a b o u t   0  to  90%  b y  
w e i g h t   w a t e r .  

16.  The  p r o c e s s   of  c l a i m   12,  w h e r e i n   s a i d   o x i d a n t  
i s   o z o n e .  

17.  The  p r o c e s s   of  c l a i m   12,  w h e r e i n   s a i d  
r e a c t i n g   s t e p   (a)   i s   c o n d u c t e d   in  t h e   p r e s e n c e   of  a t  
l e a s t   one  a c i d   s e l e c t e d   f rom  t h e   g r o u p   c o n s i s t i n g   o f  
a r g a n i c   a c i d s ,   i n o r g a n i c   a c i d s   and  m i x t u r e s   t h e r e o f .  

18.  The  p r o c e s s   of  c l a i m   12,  w h e r e i n   s a i d  
n i t r o g e n   o x i d i z i n g   a g e n t   i s   e m p l o y e d ,   on  a  n i t r o g e n  
s q u i v a l e n t   b a s i s   to   100%  n i t r i c   a c i d ,   in   a  w e i g h t   r a t i o  
3f  a b o u t   0 . 0 0 0 1   to  a b o u t   0 .1   to  s a i d   d i e s e l   o i l .  

19.  The  p r o c e s s   of  c l a i m   12,  w h e r e i n   t h e   w e i g h t  
r a t i o   of   s a i d   e x t r a c t i n g   s o l v e n t   to  s a i d   d i e s e l   o i l   i s  
:rom  a b o u t   0 . 0 1   to  a b o u t   5 .  

20.  The  p r o c e s s   of  c l a i m   12,  w h e r e i n   s a i d   d i e s e l  
) i l   c o n t a i n s   l e s s   t h a n   a b o u t   40%  by  w e i g h t   a r o m a t i c s .  

21.  The  p r o c e s s   of  c l a i m   12,  w h e r e i n   s a i d   d i e s e l  
>il  c o n t a i n s   l e s s   t h a n   a b o u t   35%  by  w e i g h t   o l e f i n i c s .  

22.  The  p r o c e s s   of  c l a i m   12,  w h e r e i n   s a i d   d i e s e l  
>il  c o n t a i n s   l e s s   t h a n   a b o u t   40%  by  w e i g h t   a r o m a t i c s  
ind  l e s s   t h a n   a b o u t   35%  by  w e i g h t   o l e f i n i c s .  

23.  A  p r o c e s s   f o r   u p g r a d i n g   d i e s e l   o i l   to  p r o d u c e  
in  u p g r a d e d   d i e s e l   f u e l   c o m p r i s i n g   t h e   s t e p s   o f :  

(a)   r e a c t i n g   a  d i e s e l   o i l ,   h a v i n g   a  b o i l i n g   p o i n t  
a t   n o r m a l   p r e s s u r e   of  a b o u t   3 0 0 ° F   to  a b o u t  
7 0 0 ° F   ,  d e r i v e d   f rom  a  p e t r o l e u m   s o u r c e   w i t h  
an  o x i d a n t   s e l e c t e d   f rom  the   g r o u p   c o n s i s t i n g  
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of   n i t r o g e n o u s   o x i d i z i n g   a g e n t s   and  o z o n e s ,  
w h e r e i n  

(1)  t h e   r e a c t i n g   i s   to  an  e x t e n t   s u f f i c i e n t  

to   i n c r e a s e   t h e   c e t a n e   n u m b e r   of  t h e  

d i e s e l   o i l   o b t a i n e d   in   s t e p   (a)   by  a t  

l e a s t   5  c e t a n e   n u m b e r s   o v e r   t h e   c e t a n e  

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

s t e p   (  a  )  ,  a n d  

(2)  ( i )   t h e   r e a c t i n g   i s   s u c h   t h a t   when  t h e  

o x i d a n t   i s   a  n i t r o g e n o u s   t r e a t i n g  

a g e n t ,   t h e   a m o u n t   of  o x i d a n t ,  

e q u i v a l e n t   on  a  100%  n i t r i c   a c i d  

b a s e s ,   i s   a b o u t   10%  or   l e s s   b y  

w e i g h t   of   t h e   d i e s e l   o i l   f e e d   t o  

s t e p   ( a ) ;   a n d  

( i i )   t h e   r e a c t i n g   i s   s u c h   t h a t   when  t h e  

o x i d a n t   i s   o z o n e ,   t h e   a m o u n t   o f  

o x i d a n t   i s   s u f f i c i e n t   to  a c h i e v e   a n  

a b o u t   10%  or   g r e a t e r   r e d u c t i o n   i n  

t h e   s u l f u r   c o n t e n t   of  t h e   r e a c t e d  

d i e s e l   o i l   o b t a i n e d   in   s t e p   ( a )  

o v e r   t h e   d i e s e l   o i l   f e e d   t o  

s t e p   (a)   ; 

c o n t a c t i n g   t h e   d i e s e l   o i l   f rom  s t e p   (a)   a b o v e  

w i t h   an  e x t r a c t i n g   s o l v e n t   s e l e c t e d   f rom  t h e  

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

d i m e t h y l   f o r m a m i d e ,   m e t h y l   c a r b i t o l ,  

t e t r a h y d r o -   f u r f u r y l   a l c o h o l ,   d i m e t h y l  

s u l f o x i d e ,   s u l f o l a n e ,   s u l f o l e n e ,   d i m e t h y l  

a c e t a m i d e ,   l - m e t h y l - 2 - p y r r o -   l i d o n e ,  

a c e t o n i t r i l e ,   a c e t i c   a n h y d r i d e ,   n i t r o -  

b e n z e n e ,   n i t r o m e t h a n e   and  m i x t u r e s   t h e r e o f ,  
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or  a  w a t e r   m i x t u r e   t h e r e o f   c o m p r i s i n g   a b o u t  

50%  by  w e i g h t   or  l e s s   w a t e r ;   a n d  

(c)  s e p a r a t i n g   s a i d   d i e s e l   o i l   f rom  s t e p   ( b )  

a b o v e   f rom  s a i d   e x t r a c t i n g   s o l v e n t   to  r e c o v e r  

5  u p g r a d e d   d i e s e l   f u e l .  

24.  The  p r o c e s s   of  c l a i m   23,  w h e r e i n   s a i d   o x i d a n t  

i s   a  n i t r o g e n o u s   o x i d i z i n g   a g e n t   and  s a i d   n i t r o g e n o u s  

o x i d i z i n g   a g e n t   i s   an  o x i d i z i n g   gas   c o m p r i s i n g   a t   l e a s t  

one  n i t r o g e n   o x i d e   w i t h   more   t h a n   one  o x y g e n   a tom  f o r  

10  e a c h   n i t r o g e n   a t o m .  

25.  The  p r o c e s s   of  c l a i m   23,  w h e r e i n   s a i d  

o x i d i z i n g   a g e n t   i s   a  n i t r o g e n o u s   o x i d i z i n g   a g e n t   a n d  

s a i d   n i t r o g e n o u s   o x i d i z i n g   a g e n t   i s   an  o x i d i z i n g   l i q u i d  

c o m p r i s i n g   a t   l e a s t   one  n i t r o g e n   o x i d e   w i t h   more  t h a n  

15  one  o x y g e n   a tom  f o r   e a c h   n i t r o g e n   a t o m .  

26.  The  p r o c e s s   of  c l a i m   23,  w h e r e i n   s a i d   o x i d a n t  

i s   a  n i t r o g e n o u s   o x i d i z i n g   a g e n t   and  s a i d   n i t r o g e n o u s  

o x i d i z i n g   a g e n t   i s   an  o x i d i z i n g   l i q u i d   c o m p r i s i n g  

n i t r i c   a c i d   or   n i t r o u s   a c i d   and  f rom  a b o u t   0  to  90%  b y  

20  w e i g h t   w a t e r .  

27.  The  p r o c e s s   of  c l a i m   23,  w h e r e i n   s a i d   o x i d a n t  

i s   o z o n e .  

28.  The  p r o c e s s   of  c l a i m   23,  w h e r e i n   s a i d  

r e a c t i n g   s t e p   (a)   i s   c o n d u c t e d   in  t h e   p r e s e n c e   of  a t  

25  l e a s t   one  a c i d   s e l e c t e d   f rom  t h e   g r o u p   c o n s i s t i n g   o f  

o r g a n i c   a c i d s ,   i n o r g a n i c   a c i d s   and  m i x t u r e s   t h e r e o f .  

29.  The  p r o c e s s   of  c l a i m   23,  w h e r e i n   s a i d  

n i t r o g e n o u s   o x i d i z i n g   a g e n t   i s   e m p l o y e d ,   on  a  n i t r o g e n  

e q u i v a l e n t   b a s i s   to  100%  n i t r i c   a c i d ,   in   a  w e i g h t   r a t i o  

30  of  a b o u t   0 . 0 0 0 1   to  a b o u t   0 . 1   to  s a i d   d i e s e l   o i l .  

30.  The  p r o c e s s   of  c l a i m   23,  w h e r e i n   s a i d   w e i g h t  

r a t i o   of  s a i d   e x t r a c t i n g   s o l v e n t   to  s a i d   d i e s e l   o i l   i s  

f rom  a b o u t   0 . 0 1   to  a b o u t   5 .  
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31.  The  p r o c e s s   of   c l a i m   23,   w h e r e i n   s a i d   d i e s e l  
o i l   i s   a  d i e s e l   o i l   of   p e t r o l e u m   o r i g i n .  

32.  The  p r o c e s s   o f   c l a i m   23,  w h e r e i n   s a i d   d i e s e l  

o i l   c o n t a i n s   l e s s   t h a n   a b o u t   40%  by  w e i g h t   a r o m a t i c s .  

5  33.   The  p r o c e s s   o f   c l a i m   23,  w h e r e i n   s a i d   d i e s e l  

o i l   c o n t a i n s   l e s s   t h a n   a b o u t   35%  by  w e i g h t   o l e f i n i c s .  

34.  The  p r o c e s s   o f   c l a i m   23,  w h e r e i n   s a i d   d i e s e l  

o i l   c o n t a i n s   l e s s   t h a n   a b o u t   40%  by  w e i g h t   a r o m a t i c s  

and  l e s s   t h a n   a b o u t   35%  by  w e i g h t   o l e f i n i c s .  
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