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@  Desulphurization  of  oil. 

Sulphur  present  in  petroleum  oils  represents  a  very 
undesirable  pollutant  when  the  oils  are  burnt. 

A  process  of  treating  oil  containing  sulphur  is  provided 
wherein  the  oil  is  contacted  with  hydrogen  fluoride.  The 
hydrogen  fluoride  converts  the  sulphur  to  a  sulphur  fluo- 
ride  which  may  be  removed  from  the  oil. 

The  sulphur  fluoride  may  then  be  converted  to  other 
forms  of  sulphur  thus  allowing  for  regeneration  of  the  hy- 
drogen  fluoride  for  reuse  in  the  process. 



T h i s   i n v e n t i o n   r e l a t e s   to  a  method  of  d e s u l p h u r i z i n g  

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

As  i s   w e l l   known  in  the   p e t r o l e u m   a r t ,   many  c r u d e  

o i l s   have  v e r y   h igh   s u l p h u r   c o n t e n t s   and  t hus   a r e   u n s u i t a b l e  

for   a  number   of  u s e s ,   i f   not   b e i n g   t o t a l l y   u n s u i t a b l e .   T h i s  

is  b e c a u s e   on  c o m b u s t i o n   of  t he   o i l   the   s u l p h u r   forms  p o l l u t a n t s  

in  t he   form  of  n o x i o u s   g a s e s   and  a c i d s .  

D e s u l p h u r i z a t i o n   of  o i l   has  been  a  m a j o r   p r o b l e m   w h i c h  

has  no t   been   s a t i s f a c t o r i l y   overcome  on  an  economic   b a s i s   b y  

the   e x i s t i n g   p r i o r   a r t   m e t h o d s .  

I t   i s   the   o b j e c t   of  t h i s   i n v e n t i o n   to  p r o v i d e   a  

method  of  d e s u l p h u r i z i n g   o i l .  

In  i t s   b r o a d e s t   form  the   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  

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

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

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

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

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

P r e f e r a b l y   the   o i l   is   s u b s t a n t i a l l y   d e h y d r a t e d   b e f o r e  

t r e a t m e n t   w i t h   the   h y d r o g e n   f l u o r i d e .   F u r t h e r m o r e ,   p r i o r   t o  

r e a c t i o n   w i t h   the   HF  some  o i l s   may  be  a d v a n t a g e o u s l y   t r e a t e d  

w i t h   an  o x i d i z i n g   a g e n t ,   such  as  s u l p h u r   t r i o x i d e   gas ,   t o  

o x i d i z e   c e r t a i n   forms  of  s u l p h u r   p r e s e n t   to  a  form  more  r e a d i l y  

r e a c t a b l e   w i t h   HF. 

The  h y d r o g e n   f l u o r i d e   may  be  u t i l i z e d   in  l i q u i d   or  g a s  

s t a t e .   The  gas  s t a t e   is   p r e f e r r e d   as  the  c o n v e r s i o n   of  the   s u l -  

phur  to  a  gas  is  not   h i n d e r e d   by  w a t e r   p r e s e n t   as  in  a  l i q u i d   HF 

r e a c t i o n .   Water   t e n d s   to  c a u s e   any  s u l p h u r   f l u o r i d e s   formed  t o  

p r e c i p i t a t e   and  t hus   c o m p l i c a t e   i t s   s e p a r a t i o n   from  the   o i l .  

By  u s i n g   HF  as  a  gas  the   s u l p h u r   forms  m a i n l y   s u l p h u r  



t e t r a f l u o r i d e   in  g a s e o u s   form  and  i s  r e a d i l y   s e p a r a t e d   f r o m  

the   l i q u i d   o i l   a l ong   w i t h   e x c e s s   HF. 

I t   i s   p r e f e r a b l e   from  the  economic   p o i n t   of  v i e w  

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

e m i n a t i n g   from  the   h y d r o g e n   f l u o r i d e   c o n t a c t   w i t h   o i l   b e  

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

the   h y d r o g e n   f l u o r i d e   and  s u l p h u r   f l u o r i d e s   r emoved   f r o m  o n e  

g a s - l i q u i d   r e a c t i o n   a re   p a s s e d   to  a  gas  s e p a r a t i o n   t o w e r   w h e r e i n  

due  to  t h e i r   s i g n i f i c a n t l y   d i f f e r e n t   s p e c i f i c   g r a v i t i e s ,   t h e y  

may  be  e a s i l y   s e p a r a t e d .   The  h y d r o g e n   f l u o r i d e   b e i n g   t h e  

l i g h t e r   gas  s e p a r a t i n g   out   of  the   top   of  the   gas  s e p a r a t i o n  

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

t he   s u l p h u r   f l u o r i d e s   b e i n g   the   h e a v i e r   of  t h e   g a s e s   b e i n g  

removed  from  the   b o t t o m   of  the   gas  s e p a r a t i o n   t o w e r   from  w h e r e  

t h e y   can  be  p a s s e d   to  a  h y d r o l y z a t i o n   u n i t   t o   c o n v e r t   t h e  

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

f l u o r i d e .   T h e  h y d r o g e n   f l u o r i d e   e m i n a t i n g   from  the   g a s - w a t e r  

c o n t a c t   u n i t   can  then   a l s o   be  fed  back  to  the   h y d r o g e n   f l u o r i d e  

s t o r a g e .  

The  i n v e n t i o n   w i l l   now  be  d e s c r i b e d   by  way  of  e x a m p l e  

on ly   w i t h   r e f e r e n c e   to  the  a c c o m p a n y i n g   d r a w i n g   w h e r e i n   t h e r e  

is   shown  a  p r o c e s s  f l o w   s h e e t   of  t he   p r e f e r r e d   form  of  t h i s  

i n v e n t i o n .  

O i l ,   u s u a l l y   c rude   o i l   which   has  been  e x t r a c t e d   f r o m  

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

As  i t   is  p r e f e r a b l e   for   the   p r i m a r y   r e a c t i o n   of  t h i s   i n v e n t i o n  

to  have  a  minimum  amount  of  w a t e r   in  the   o i l   f o r   c o n t a c t   w i t h  

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

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

f l u o r i d e  g a s .   Thus  o i l   18  i s   fed  to  a  d e h y d r a t i o n   u n i t   1 0 .  



To  d e h y d r a t e   t he   o i l ,   t e m p e r a t u r e   d r y i n g   a t   240 F  o r  

t e m p e r a t u r e s   t h e r e a b o v e   is  s u i t a b l e .   A l t e r n a t i v e l y ,   a  

s e l e c t i v e   o i l - w a t e r   s e p a r a t o r   may  be  used  to  d e h y d r a t e   t h e  

o i l .  

The  d e h y d r a t e d   o i l   i s   then   fed  20  to  an  o x i d i z i n g  

chamber   11  such  as  a  c o u n t e r - c u r r e n t   f low  g a s - l i q u i d   c o n t a c t  

u n i t .   In  t he   o x i d i z i n g   chamber   an  o x i d i z i n g   a g e n t   such  a s  

g a s e o u s   S o 3  i s   c o n t a c t e d   w i t h   the  o i l   by,  say ,   b e i n g   b u b b l e d   21 

t h r o u g h   the   o i l .   This   o x i d i z e s   some  of  the   f r e e   and  b o u n d  

s u l p h u r s   to   an  ox ide   form  t h u s   making  i t   more  a v a i l a b l e   f o r  

r e a c t i o n   w i t h   the   HF. 

The  l i q u i d   o i l   i s   t hen   fed  22  t o  t h e   main  r e a c t o r   1 2 .  

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

c o n t a c t i n g   u n i t .   This   u n i t   may  be  a  d i s t i l l a t i o n   t o w e r ,   p a c k e d  

co lumn ,   s p r a y   tower   or  o t h e r   s u i t a b l e   u n i t .   The  o i l   d e s c e n d s  

down  the   tower   w h i l s t   h y d r o g e n   f l u o r i d e   gas  23  i s   fed  f r o m  

s t o r a g e   u n i t   15  i n t o   the   u n i t   12  from  the   bo t tom  of  the  t o w e r  

and  p a s s e s   up  the   t o w e r .   The  h y d r o g e n   f l u o r i d e   gas  c o n t a c t s  

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

which   may  be  in   a  f r e e   form  or  in  compound  w i t h   o t h e r   s u b s t a n -  

ces   in  t he   o i l   t o   s u l p h u r   f l u o r i d e s ,   g e n e r a l l y   s u l p h u r   t e t r a -  

f l u o r i d e .   The  s u l p h u r   f l u o r i d e s   which  a re   g a s e o u s   a l ong   w i t h  

the   r e m a i n i n g   h y d r o g e n   f l u o r i d e   gas  l e a v e   the   top  of  the   g a s -  

l i q u i d   c o n t a c t   u n i t   and  a re   p r e f e r a b l y   t hen   p a s s e d   24  to  a  g a s  

s e p a r a t i o n   t ower   13  w h e r e i n   as  above  d e s c r i b e d ,   the   l i g h t e r  

h y d r o g e n   f l u o r i d e   is   removed  25  a t   the   t op ,   w h i l s t   the   h e a v i e r  

s u l p h u r   f l u o r i d e s   a re   removed  from  the   b o t t o m   26.  The  g a s  

s e p a r a t i o n   tower   13  is   not   e s s e n t i a l ,   but   ve ry   d e s i r a b l e .   The  

s u l p h u r   f l u o r i d e s   a re   then   h e a t e d   to  from  2200p  to  2400F  a n d  

c o m p r e s s e d   to  from  60  to  100  p s i g   b e f o r e   b e i n g  p a s s e d   to  a  



g a s - w a t e r   c o n t a c t   u n i t   14  a t   s i m i l a r   t e m p e r a t u r e s   and  p r e s s u r e s ,  

where   on  c o n t a c t   w i t h   w a t e r   s p r a y s   27  s u l p h u r   p r e c i p i t a t e s   o u t  

and  may  be  removed  35  for   f u r t h e r   u se .   The  f l u o r i d e   from  t h e  

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

removed  28  from  the  u n i t   14  and  t h i s   i s  c o m b i n e d   w i t h   t h e  

h y d r o g e n   f l u o r i d e   gas  l e a v i n g   the   gas  s e p a r a t i o n   t o w e r   to  b e  

p a s s e d   back   to  the   h y d r o g e n   f l u o r i d e   gas   s t o r a g e   1 5 .  

Oil   l e a v i n g   the   main  r e a c t o r   12   h a s  t h u s   had  i t s  

s u l p h u r   c o n t e n t   r e d u c e d   to  f rom  0 . 1  t o   0.05%  p r o v i d i n g   t h e  

r e a c t i o n   in  the   r e a c t o r   12  has  been   c a r r i e d   ou t   w i t h   s u f f i c i e n t  

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

a b o u t   5 0 ° C .  

The  o i l   34  l e a v i n g  t h e   r e a c t o r   12  c o n t a i n s   a  s m a l l  

amount   of  e n t r a i n e d   HF  which  can   be  removed  by  t r e a t i n g   t h e  

o i l   w i t h   an  ammonia  s o l u t i o n   3 3  t o   f a r m  s a l t s   w i t h   t he   f l u o r i d e  

compounds   in  t he   a q u e o u s   p h a s e .  

The  o i l   phase   31  may  t hen   be  e x t r a c t e d   from  t h e  

a q u e o u s   p h a s e   32  by  say  phase   s e p a r a t i o n   a p p a r a t u s   3 0 .  

Thus,   i t   can  be  a p p r e c i a t e d   t h a t   due  to  t he   h i g h   r a t e  

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

e f f i c i e n t .   The  o i l   l e a v i n g   t he   g a s - l i q u i d   c o n t a c t   u n i t   i s  

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

d e s u l p h u r i z a t i o n   is   d e p e n d a n t   upon  the   e f f i c i e n c y   of  the  g a s -  

l i q u i d   c o n t a c t i n g   u n i t   and  the   r e s i d e n c e   t ime  t h e r e i n .  

O b v i o u s l y ,   to  i n c r e a s e   the   l e v e l   of  d e s u l p h u r i z a t i o n   f u r t h e r  

c o n t a c t i n g   may  be   d e s i r a b l e .   The  t e m p e r a t u r e   of  t h e  H F   g a s  

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

80oF,  a l t h o u g h   t h i s   t e m p e r a t u r e   may  be  v a r i e d   a c c o r d i n g   to  t h e  

c o n d i t i o n s   d e s i r a b l e   w i th   p a r t i c u l a r   o i l s .   The  d e s u l p h u r i z e d  

o i l   l e a v i n g   the   g a s - l i q u i d   c o n t a c t   u n i t   may  t h e n   be  p a s s e d   f o r  



f u r t h e r   p r o c e s s i n g   in  normal   r e f i n e r y   p r a c t i c e .  

Where  the   h y d r o g e n   f l u o r i d e   used   in  the  main  r e a c t i o n  

u n i t   12  is   in  the   form  of  a  l i q u i d   i n s t e a d   of  a  gas ,   t h e  

r e a c t i o n   w i t h   s u l p h u r   w i l l   s t i l l   t ake   p l a c e ,   however   t h e r e  

may  be  some  p r e c i p i t a t i o n   of  s u l p h u r   c o m p o n e n t s   due  to  c o n t a c t  

wi th   w a t e r   p r e s e n t   in  the  m i x t u r e .   Thus,   the   s e p a r a t i o n   o f  

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

s o l i d s   s e p a r a t i o n   s t a g e   as  w e l l   as  a  l i q u i d   phase   s e p a r a t i o n  

s t a g e ,   t h u s   a l l o w i n g   the   o i l   to   be  e x t r a c t e d   and  p a s s e d   t o ,  

say,   an  ammonia  t r e a t m e n t   s t a g e   30  fo r   s t r i p p i n g   the  o i l   o f  

n o n - h y d r o c a r b o n   c o m p o n e n t s .  



1.  A  p r o c e s s   of  t r e a t i n g   p e t r o l e u m   o i l   to  r e d u c e  

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

w i th   h y d r o g e n   f l u o r i d e   a t   an  e f f e c t i v e   c o n c e n t r a t i o n   l e v e l  

such  t h a t   a v a i l a b l e   s u l p h u r   in  the   o i l   is   c o n v e r t e d   to  a  s u l p h u r  

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

f l u o r i d e   p r o d u c e d   by  the   r e a c t i o n .  

2.  T h e   p r o c e s s   of  c l a i m   1  w h e r e i n   t he   o i l   i s  

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

f l u o r i d e .  

3.  T h e  p r o c e s s   of  c l a i m   1  or  2  w h e r e i n   t he   o i l   i s  

t r e a t e d   by  an  o x i d i z i n g   a g e n t   p r i o r   to  r e a c t i o n   w i t h   t h e  

hyd rogen   f l u o r i d e .  

4.  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   h y d r o g e n  

f l u o r i d e   is   f ed   to  t he   r e a c t i o n   o i l   in  a  g a s e o u s   s t a t e .  

5.  The  p r o c e s s   of  c l a i m   4  w h e r e i n   t h e   g a s e o u s  

p r o d u c t s   of  t h e   r e a c t i o n   wi th   o i l   a re   removed  and  t r e a t e d  

to  r e c o v e r   t h e   h y d r o g e n   f l u o r i d e .  

6.  The  p r o c e s s   of  c l a i m   5  w h e r e i n   the   r e c o v e r y   o f  

hyd rogen   f l u o r i d e   is   r e c o v e r e d   by  f i r s t l y   s e p a r a t i n g   t h e  

gas  s t r e a m   i n t o   an  HF  and  s u l p h u r   f l u o r i d e   gas  s t r e a m ,   a n d  

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

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

7.  The  p r o c e s s   of  c l a i m   1  w h e r e i n   the   o i l   r e m o v e d  

from  the   r e a c t i o n   w i th   h y d r o g e n   f l u o r i d e   is   t r e a t e d   w i t h  

ammonia  s o l u t i o n   to  remove  e n t r a i n e d   f l u o r i d e s   from  the  o i l .  
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