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©  Gasoline  composition  and  method  for  its  preparation. 

©  A  novel  gasoline  additive  is  described  comprising  a 
mixture  of  methanol,  /so-propanol,  methyl  f-butyl  ether  and, 
optionally,  a  C5_  isomerate,  typically  in  amounts  of,  per  100 
parts  by  weight  of  additive,  from  about  5  to  about  90  parts  by 
weight  methanol,  from  about  3  to  about  35  parts  by  weight 
/so-propanol,  from  about  3  to  about  35  parts  by  weight  mthyl 
f-butyl  ether,  and  from  0  to  35  parts  by  weight  of  Cs_ 
isomerate.  A  process  is  described  for  producing  such  an 
additive  from  natural  gas  streams  by  isomerising  n-butane 
component  thereof  to  /so-butane,  dehydrogenating  propane 
component  of  the  natural  gas  stream  to  propylene  and 
/so-butane  formed  by  isomerisation  of  n-butane  to  iso- 
butene  respectively,  converting  resulting  propylene  to  iso- 

*7  propanol,  etherifying  resulting  /'so-butene  with  methanol  to 
^   form  methyl  r-butyl  ether,  and  blending  resulting  /so- 

propanol  and  methyl  f-butyl  ether  with  methanol,  and 
J5  optionally  with  a  C5_  isomerate  formed  by  isomerising  C5 
a  

o  

and  heavier  hydrocarbons  present  in  the  natural  gas  stream, 
to  form  the  additive. 
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A  novel  gasoline  additive  is  described  comprising  a 
mixture  of  methanol,  iso-propanol,  methyl  t-butyl  ether  and, 
optionally,  a  C5-  isomerate,  typically  in  amounts  of,  per  100 
parts  by  weight  of  additive,  from  about  5  to  about  90  parts  by 
weight  methanol,  from  about  3  to  about  35  parts  by  weight 
iso-propanol,  from  about  3  to  about  35  parts  by  weight  mthyl 
t-butyl  ether,  and  from  0  to  35  parts  by  weight  of  C5- 
isomerate.  A  process  is  described  for  producing  such  an 
additive  from  natural  gas  streams  by  isomerising  n-butane 
component  thereof  to  iso-butane,  dehydrogenating  propane 
component  of  the  natural  gas  stream  to  propylene  and 
iso-butane  formed  by  isomerisation  of  n-butane  to  iso- 
butene  respectively,  converting  resulting  propylene  to  iso- 
propanol,  etherifying  resulting  iso-butene  with  methanol  to 
form  methyl  t-butyl  ether,  and  blending  resulting  iso- 
propanol  and  methyl  t-butyl  ether  with  methanol,  and 
optionally  with  a  C5-  isomerate  formed  by  isomerising  C5 
and  heavier  hydrocarbons  present  in  the  natural  gas  stream, 
to  form  the  additive. 



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   t h e  

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

and  to   t h e   a d d i t i v e   i t s e l f .  

G a s o l i n e   is  e s s e n t i a l l y   a  m i x t u r e   of  h y d r o -  

c a r b o n s   c o n t a i n i n g   u s u a l l y   4  and  more   c a r b o n   a t o m s .   F o r  

s a t i s f a c t o r y   p e r f o r m a n c e   in  a  m o t o r   c a r   e n g i n e   a  g a s o l i n e  

mus t   h a v e   a  s u f f i c i e n t l y   h i g h   " o c t a n e   r a t i n g " .   To  t h i s  

end  i t   h a s   b e e n   c u s t o m a r y   to   add  to  g a s o l i n e   a n  

" a n t i - k n o c k "   compound   such   as  l e a d   t e t r a - e t h y l .   H o w e v e r ,  

t h e r e   i s   i n c r e a s i n g   c o n c e r n   a t   t he   damage   to  h e a l t h   and  t o  

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

t h e   e x h a u s t   g a s e s   of  m o t o r   c a r   e n g i n e s   and  many  c o u n t r i e s  

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

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

m o n o x i d e ,   n i t r o g e n   o x i d e s   and  h y d r o c a r b o n s   in  e x h a u s t   g a s  
e m i s s i o n s   and  has   l ed   to   t h e   a d o p t i o n   of  c a t a l y t i c  

c o n v e r t e r s   as  a  p a r t   of  m o t o r   ca r   e x h a u s t   gas  s y s t e m s .  

-Such   c o n v e r t e r s   u t i l i s e   n o b l e   m e t a l   c a t a l y s t s   w h o s e  

e f f e c t i v e n e s s   is   d e s t r o y e d   by  t h e   use  of  l e a d - c o n t a i n i n g  

g a s o l i n e .   Hence  t h e r e   is   f o r   a  v a r i e t y   of  r e a s o n s   a  m o v e  

t o w a r d s   t h e   use   of  l e a d - f r e e   g a s o l i n e .  

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

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

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

r a t i n g .   B e n z e n e   i s ,   h o w e v e r ,   a  known  c a r c i n o g e n   and  i f  

t o o   much  a r o m a t i c   m a t e r i a l   is  added   t h e   h y d r o c a r b o n  

e m i s s i o n   in  t h e   e x h a u s t   gas  t e n d s   to  i n c r e a s e .   M o r e o v e r  

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

by  t h e   n a t u r e   of  t he   c r u d e   o i l   used   as  g a s o l i n e   f e e d s t o c k .  

In  a d d i t i o n   i t   is  e x p e n s i v e   to   c y c l i s e   and  d e h y d r o g e n a t e  

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

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



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

a l i p h a t i c   h y d r o c a r b o n s   w h i c h   c o u l d   o t h e r w i s e   be  u sed   a s  

s u c h   in  g a s o l i n e .  

A  c e r t a i n   i m p r o v e m e n t   in  o c t a n e   r a t i n g   can  a l s o  

be  a t t a i n e d   by  i s o m e r i s i n g   l i n e a r   a l k a n e s   to   i s o - c o m p o u n d s  

and  s i m i l a r   b r a n c h e d   c h a i n   c o m p o u n d s .   H o w e v e r   t h i s  

r e q u i r e s   t h e   use   of   an  e x t r a   p r o c e s s i n g   u n i t   in  t h e  

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

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

n o t   s u f f i c i e n t l y   h i g h .  

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

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

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

m e t h a n o l   and  m e t h y l   t - b u t y l   e t h e r .   B e s i d e s   m e t h a n o l   a n d  

m e t h y l   t - b u t y l   e t h e r ,   p r o p o s a l s   h a v e   b e e n   a l s o   made  to  u s e  

t - a m y l   m e t h y l   e t h e r ;   s e e ,   f o r   e x a m p l e ,   B r i t i s h   P a t e n t  

S p e c i f i c a t i o n   No.  2 0 1 0 3 2 3 A   and  U n i t e d   S t a t e s   P a t e n t  

S p e c i f i c a t i o n   No.  4 1 9 3 7 7 0 .   T h e r e   h a v e   a l s o   b e e n  

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

g a s o l i n e   a d d i t i v e s .   Thus ,   f o r   e x a m p l e ,   G e r m a n  

O f f e n l e g u n g s s c h r i f t   No.  2 8 0 9 4 8 1   s u g g e s t s   use   of  a  m i x t u r e  

of  m e t h a n o l ,   n-  or  i s o - b u t a n o l ,   and  o p t i o n a l l y   m e t h y l  

t - b u t y l   e t h e r .   B r i t i s h   P a t e n t   S p e c i f i c a t i o n   No.  2 0 4 3 0 9 8 A  

and  U n i t e d   S t a t e s   P a t e n t   S p e c i f i c a t i o n   No.  4 2 0 7 0 7 7   u s e  

m e t h y l   or  e t h y l   t - b u t y l   e t h e r   to  s o l u b i l i s e   e t h a n o l   i n  

g a s o l i n e - h y d r o u s   e t h a n o l   m i x t u r e s .   M i x t u r e s   of  one  o r  

more   C 4 - a l c o h o l s   and  e i t h e r   or  b o t h   of  m e t h y l   and  e t h y l  

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

c o m p o s i t i o n s   in  B r i t i s h   P a t e n t ,  S p e c i f i c a t i o n   No.  1 4 6 1 9 6 6 .  

A z e o t r o p i c   a l c o h o l - e t h e r   m i x t u r e s   a r e   p r o p o s e d   as  g a s o l i n e  

a d d i t i v e s   in  C a n a d i a n   P a t e n t   S p e c i f i c a t i o n   No.  9 5 8 2 1 3 ;  

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

c o n t a i n i n g :  

m e t h a n o l   and  m e t h y l   t - b u t y l   e t h e r ;  

m e t h a n o l   and  m e t h y l   t - a m y l   e t h e r ;  



i s o - p r o p a n o l   and  d i - i s o - p r o p y l   e t h e r ;   a n d  

i s o - p r o p y l   t - b u t y l   e t h e r   and  i s o - p r o p a n o l .  

German   O f f e n l e g u n g s s c h r i f t   No.  2 6 2 6 8 8 3   p r o p o s e s  

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

m e t h a n o l ,   w i t h   a d d i t i o n s   of  i s o - p r o p a n o l   and  m o t o r   o i l .  

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

h a v e   b e e n   p r o p o s e d   as  g a s o l i n e   a d d i t i v e s   t h e r e   can  b e  

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

( s e e   U n i t e d   S t a t e s   P a t e n t   S p e c i f i c a t i o n   No.  3 8 6 9 2 6 2 )   and  a  

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

an  e t h e r ,   e . g .   m e t h y l   m e t h o x y m e t h y l   p r o p a n e ,   o p t i o n a l l y  

t o g e t h e r   w i t h   a  Cl  t o   C4  a c y c l i c   a l c o h o l   ( s e e   U n i t e d  

S t a t e s   P a t e n t   S p e c i f i c a t i o n   No.  3 9 7 6 4 3 7 ) .  

C o n v e n t i o n a l l y   m e t h y l   t - b u t y l   e t h e r   is  made  b y  

e t h e r i f i c a t i o n   of  m e t h a n o l   by  r e a c t i o n   w i t h   i s o - b u t e n e ,  

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

e . g .   in  t h e   b y - p r o d u c t  s t r e a m   from  s t e a m   c r a c k e r s ,   a n d  

f l u i d i s e d   bed  c r a c k e r s   ( s e e ,   f o r   e x a m p l e   B r i t i s h   P a t e n t  

S p e c i f i c a t i o n   No.  2 0 4 9 6 9 3 A   and  F r e n c h   P a t e n t  

- S p e c i f i c a t i o n s   Nos.   2 3 7 1 4 0 8   and  2 2 8 3 1 1 6 )   H o w e v e r ,   s u c h  

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

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

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

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

t - b u t y l   e t h e r   as  w e l l   as  to  mee t   t he   d e m a n d s   f o r   i t s   u s e  

in  a l k y l a t e   p e t r o l e u m   p r o d u c t i o n .  

In  mos t   o i l   f i e l d s   n a t u r a l   gas   i s   f o u n d   in  g a s  
r e s e r v o i r s   and  in  a s s o c i a t i o n   w i t h   c r u d e   o i l ,   o f t e n   i n  

v e r y   l a r g e   q u a n t i t i e s .   Such  n a t u r a l   gas   c o n t a i n s   m a i n l y  

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

of   e t h a n e ,   p r o p a n e ,   n - b u t a n e ,   n - p e n t a n e ,   and  h i g h e r  

h y d r o c a r b o n s .   A l t h o u g h   some  p r o g r e s s   h a s   b e e n   made  t o w a r d s  

u t i l i s i n g   t h i s   n a t u r a l   gas  in  some  p a r t s   of  t h e   w o r l d ,  

o f t e n   no  c o n v e n i e n t   .use   can  be  found   f o r   t h e   gas  wh ich   i s  

s i m p l y   f l a r e d   o f f   or  r e - c o m p r e s s e d   and  r e - i n j e c t e d   i n t o  



t h e   o i l - b e a r i n g   g e o l o g i c a l   f o r m a t i o n .   T h i s   r e p r e s e n t s   a 

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

f e e d s t o c k .   Even   w h e r e   an  end  use   can  be  f o u n d   f o r   n a t u r a l  

g a s ,   p o s s i b l y   a f t e r   s e p a r a t i o n   of  L . P . G .   ( l i q u e f i e d  

p e t r o l e u m   g a s ) ,   no  use   can  be  f o u n d   f o r   t h e   p e n t a n e   a n d  

h i g h e r   h y d r o c a r b o n   c o n t e n t .  

,  B r i t i s h   P a t e n t   S p e c i f i c a t i o n   No.  1 4 9 3 7 5 4   a n d  

G e r m a n   O f f e n l e g u n g s s c h r i f t   No.  2 6 2 0 0 1 1   d e s c r i b e   a  p r o c e s s  
f o r   p r o d u c i n g   m e t h y l   t - b u t y l   e t h e r   f o r   use   as  a  g a s o l i n e  

a d d i t i v e   by  p r o c e s s i n g   a  s t r e a m   of  n - b u t a n e ,   t h e   n - b u t a n e  

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

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

to   f o r m   a  m i x t u r e   of  n - b u t e n e s   and  i s o - b u t e n e .   T h i s  

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

m e t h a n o l   so  as  to   c o n v e r t   i s o -   b u t e n e   to  m e t h y l   t - b u t y l  

e t h e r .   U n r e a c t e d   m e t h a n o l   i s   e x t r a c t e d   w i t h   w a t e r   f r o m  

t h e   r e a c t i o n   m i x t u r e ,   w h i l s t   t h e   r e m a i n i n g   C4 

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

and  r e t u r n e d   to   t h e   d e h y d r o g e n a t i o n   s t a g e .   B e c a u s e   of  t h e  

n e c e s s a r y   p r e s e n c e   of  n - b u t a n e   w h i c h   is   a  f e a t u r e   of  t h i s  

p r o c e s s   i t   i s   n e c e s s a r y   to   i n c r e a s e   t he   s i z e   of  t h e   p l a n t  

f o r   a  g i v e n   t h r o u g h p u t   in  o r d e r   to   a l l o w   t h e   n - b u t a n e   t o  

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

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

p o s s i b l e   f o r   b u t a d i e n e   to   be  f o r m e d   as  b y - p r o d u c t   w h i c h  

can   l e a d   t o   d i s r u p t i o n   in  o p e r a t i o n   of  t h e   p l a n t   and  w h i c h  

w o u l d   h a v e   to   be  p r e v e n t e d   f rom  a p p e a r i n g   in  t h e   m e t h y l  

t - b u t y l   e t h e r   p r o d u c t   so  as  to  o b v i a t e   t h e   r i s k   of   gum 
f o r m a t i o n   in  t h e   f i n a l   g a s o l i n e   c o m p o s i t i o n .   In  a d d i t i o n  

t h e   u s e   of   w a t e r   e x t r a c t i o n   to  s e p a r a t e   t h e   p r o d u c t   e t h e r  

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

h a s   t o   be  r e c o v e r e d   f rom  t h e   a q u e o u s   p h a s e   and  t h e   e t h e r  

h a s   to   be  d r i e d .  

B r i t i s h   P a t e n t   S p e c i f i c a t i o n   No.  1 4 4 3 7 4 5   a n d  

G e r m a n   O f f e n l e g u n g s s c h r i f t   No.  2 2 4 8 8 4 1   p r o p o s e   t h e  



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

d i - i s o - p r o p y l   e t h e r   and  b y - p r o d u c t s ,   s u i t a b l e   f o r   use   as  a  

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

t h e   gas   p h a s e .   P r o p y l e n e   is   u s u a l l y   a v a i l a b l e   as  a  

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

o p e r a t i o n s .  

The  p r e s e n t   i n v e n t i o n   s e e k s   to  p r o v i d e   a  n o v e l  

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

f rom  n a t u r a l   gas   w h i c h   u t i l i s e s   t h e   c o m p o n e n t s   of  n a t u r a l  

gas   to   o p t i m u m   a d v a n t a g e .  

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   t h e r e   i s  

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

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

o p t i o n a l l y   a  C5+  i s o m e r a t e .   A  p r e f e r r e d   a d d i t i v e  

c o m p r i s e s ,   p e r   100  p a r t s   by  w e i g h t   of  a d d i t i v e ,   f rom  a b o u t  

- 5  to   a b o u t   90  p a r t s   by  w e i g h t   m e t h a n o l ,   f rom  a b o u t   3  t o  

a b o u t   35  p a r t s   by  w e i g h t   of  i s o - p r o p a n o l ,   f rom  a b o u t   3  t o  

a b o u t   35  p a r t s   by  w e i g h t   of  m e t h y l   t - b u t y l   e t h e r ,   and  f r o m  

0  to   a b o u t   35  p a r t s   by  w e i g h t   of  a  C5+  i s o m e r a t e .  

Such  an  a d d i t i v e   can  be  a d m i x e d   w i t h   a  g a s o l i n e   p r e c u r s o r  

in  a m o u n t s   o f ,   f o r   e x a m p l e ,   f rom  a b o u t   1  t o   a b o u t   10  p a r t s  

by  w e i g h t   or   more   of  a d d i t i v e ,   e . g .   up  to  a b o u t   50  p a r t s  

by  w e i g h t   of   a d d i t i v e ,   p e r   100  p a r t s   by  w e i g h t   of  g a s o l i n e  

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

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

i t s e l f   or  a  c o m p o n e n t   w h i c h   is  s u b s t a n t i a l l y   m i s c i b l e   w i t h  

t h e   a d d i t i v e   m i x t u r e   and  w i t h   g a s o l i n e ,   is  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   w a t e r ,   and  does   no t   h a v e   a  d e l e t e r i o u s  

e f f e c t   on  a  g a s o l i n e .   Hence   t he   g a s o l i n e   p r e c u r s o r   may  

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

a b o u t   30%  by  w e i g h t   of  b e n z e n e ,   t o l u e n e ,   x y l e n e ( s ) ,   e t h y l  

b e n z e n e ,   or  a  m i x t u r e   of  two  or  more  t h e r e o f .   The  use  a s  

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

c o n d e n s a t e s ,   and  of  p a p h t h a   is  a l s o   c o n t e m p l a t e d   in  t h e  

p r e p a r a t i o n   of  t h e   g a s o l i n e   c o m p o s i t i o n s   of  t he   i n v e n t i o n .  



H e n c e   t h e r e   can  be  u s e d   a l k y l a t e s ,   r e f o r m a t e s ,   f l u i d -  

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

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

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

i n c l u d e   t h o s e   l i s t e d   b e l o w   in  T a b l e   I :  

T y p i c a l   g a s o l i n e   c o m p o s i t i o n s   w i t h i n   t h e   s c o p e   of   t h e  

i n v e n t i o n   i n c l u d e   t h o s e   l i s t e d   b e l o w   in  T a b l e  I I :  

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

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

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

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

n - b u t a n e   c o m p o n e n t   of  a  n a t u r a l   gas  s t r e a m   to  i s o - b u t a n e ,  



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

s t r e a m   to   p r o p y l e n e   and  i s o - b u t a n e   f o r m e d   by  i s o m e r i s a t i o n  

of   n - b u t a n e   to   i s o - b u t e n e   r e s p e c t i v e l y ,   c o n v e r t i n g  

r e s u l t i n g   p r o p y l e n e   to  i s o - p r o p a n o l ,   e t h e r i f y i n g   r e s u l t i n g  

i s o - b u t e n e   w i t h   m e t h a n o l   to   f o rm  m e t h y l   t - b u t y l   e t h e r ,   a n d  

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

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

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

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

s t r e a m   c o n t a i n i n g   Cl  t o   C4  h y d r o c a r b o n s   to   p r o v i d e   a  

C l - 2   h y d r o c a r b o n - c o n t a i n i n g   s t r e a m ,   a  C3  h y d r o -  

c a r b o n - c o n t a i n i n g   s t r e a m   and  a  C4  h y d r o c a r b o n -  

c o n t a i n i n g   s t r e a m ,   c a t a l y t i c a l l y   d e h y d r o g e n a t i n g   p r o p a n e  
in  t h e   C3  h y d r o c a r b o n - c o n t a i n i n g   s t r e a m   to  p r o p y l e n e ,  

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

j a m e r i s i n g   n - b u t a n e   in  t h e   C4  h y d r o c a r b o n - c o n t a i n i n g  

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

r e s u l t i n g   i s o - b u t a n e   to  fo rm  an  i s o - b u t a n e / i s o - b u t e n e  

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

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

i s o - b u t e n e   in  t h e   i s o - b u t e n e / i s o - b u t a n e   m i x t u r e   to  f o r m  

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

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

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

l e a s t   a  p o r t i o n   of  t he   n o n - e t h e r i f i e d   m e t h a n o l ,  

i s o - p r o p a n o l   and  m e t h y l   t - b u t y l   e t h e r   to  form  t he   g a s o l i n e  

a d d i t i v e .   In  a  p r e f e r r e d   p r o c e s s   t h e   C l - 2   h y d r o -  

c a r b o n - c o n t a i n i n g   s t r e a m   is   s t e a m   r e f o r m e d   to  form  a  

s y n t h e s i s   gas   and  r e s u l t i n g   s y n t h e s i s   gas  is   c a t a l y t i c a l l y  

c o n v e r t e d   to   m e t h a n o l .   Such  m e t h a n o l   can  be  u s e d   w i t h o u t  

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

n e c e s s a r y   b e i n g   s e p a r a t i o n   f rom  any  e x c e s s i v e   a m o u n t   o f  

w a t e r   in  o r d e r   to   a v o i d   m i s c i b i l i t y   p r o b l e m s .   F u r t h e r m o r e  

i t   is   no t   n e c e s s a r y   to  p u r i f y   t h e   i s o - p r o p a n o l   e x c e p t   t o  

s e p a r a t e   l a r g e l y   from  w a t e r ;   f u r t h e r   d e t a i l s   of  a  s u i t a b l e  



p r o c e s s   f o r   t h e   c o n v e r s i o n   of   p r o p y l e n e   to  i s o - p r o p a n o l  

can   be  o b t a i n e d ,   f o r   e x a m p l e ,   f rom  B r i t i s h   P a t e n t  

S p e c i f i c a t i o n   No.  1 4 4 3 7 4 5   and  German  O f f e n l e g u n g s s c h r i f t  

No.  2 2 4 8 8 4 1 .  

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

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

of   t h e   i n v e n t i o n .  

In  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   C3  and  C4 

h y d r o c a r b o n s   n e e d   n o t   be  s e p a r a t e d   p r i o r   to   t h e  

i s o m e r i s a t i o n   s t e p ,   in   w h i c h   n - b u t a n e   is   i s o m e r i s e d   t o  

i s o - b u t a n e ,   so  t h a t   d e h y d r o g e n a t i o n   of  p r o p a n e   and  of  i s o -  

b u t a n e   to   p r o p y l e n e   and  to   i s o - b u t e n e   r e s p e c t i v e l y   can  b e  

c a r r i e d   o u t   s i m u l t a n e o u s l y   in  t h e   same  r e a c t o r   o r  

r e a c t o r s .   P r e f e r a b l y ,   h o w e v e r ,   s e p a r a t i o n   of  t h e   C3  a n d  

C4  h y d r o c a r b o n s   is   e f f e c t e d   p r i o r   to  t h e   n - b u t a n e  

i s o m e r i s a t i o n   s t e p   and  i s o - b u t a n e   a n d  n - b u t a n e   a r e  

s e p a r a t e d   p r i o r   to  t h e   i s o - b u t a n e   d e h y d r o g e n a t i o n   s t e p .  

N a t u r a l   gas   u s u a l l y   c o n t a i n s   v a r y i n g   a m o u n t s   o f  

C5  and  h e a v i e r   h y d r o c a r b o n s .   I f   t h e   n a t u r a l   g a s  
c o n t a i n s   l i t t l e   or  no  C7+  h y d r o c a r b o n s   any  C5  a n d  

C6  h y d r o -   c a r b o n s   a r e   p r e f e r a b l y   s e p a r a t e d   f rom  t h e   C4 

h y d r o c a r b o n s   of   a  C4+  h y d r o c a r b o n - c o n t a i n i n g   s t r e a m ,  

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

t h e   C3  h y d r o c a r b o n -   c o n t a i n i n g   s t r e a m ,   and  t h e   r e s u l t i n g  

C5  and  C6  h y d r o c a r b o n s   a r e   t h e n   s u b j e c t e d   t o  

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

p l a t i n u m .   A l t e r n a t i v e l y   t h e   C4  and  C5+  h y d r o -  

c a r b o n s   s e p a r a t e d   f rom  t h e   n a t u r a l   gas  can  be  p a s s e d  

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

r e a c t o r s   and  t h e n   s e p a r a t e d   i n t o   C4  and  C5+  h y d r o -  

c a r b o n   s t r e a m s ,   t h e   l a t t e r   of   w h i c h   is   t h e n   s u b j e c t e d   t o  

i s o m e r i s a t i o n .   I f ,   on  t h e   o t h e r   hand ,   t he   n a t u r a l   g a s  
c o n t a i n s   s i g n i f i c a n t   q u a n t i t i e s   of  C7+  h y d r o c a r b o n s ,  

i t   w i l l   u s u a l l y   be  p r e f e r a b l e   to  s e p a r a t e   such   C7+ 

h y d r o - c a r b o n s   f rom  t h e   C5+  h y d r o c a r b o n   f r a c t i o n   p r i o r  



to   i s o m e r i s a t i o n   of  t h e   l a t t e r .   The  r e s u l t i n g   C5+ 
i s o m e r a t e   p r o d u c e d   by  i s o m e r i s a t i o n   of  t h e   C5  and  C6 

h y d r o c a r b o n   c o m p o n e n t s   of  t h e   n a t u r a l   gas   can  t h e n   b e  

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

of   t h e   g a s o l i n e   a d d i t i v e ,   i . e .   m e t h a n o l ,   i s o - p r o p a n o l   a n d  

m e t h y l   t - b u t y l   e t h e r ,   and  a l s o ,   i f   d e s i r e d ,   w i t h   t h e  

g a s o l i n e   p r e c u r s o r .   Any  C7+  h y d r o c a r b o n s   f rom  t h e  

n a t u r a l   gas   can  a l s o   be  b l e n d e d   a t   t h i s   s t a g e   i n t o   t h e  

g a s o l i n e   a d d i t i v e   or  i n t o   t h e   g a s o l i n e   c o m p o s i t i o n   a s  

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

In  c a r r y i n g   ou t   t he   p r o c e s s   of  t h e   i n v e n t i o n   t h e  

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

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

F u r t h e r   C4  o l e f i n s   can  be  p r o d u c e d   by  d e h y d r o g e n a t i n g  

n - b u t a n e .   Such  C3  a n d / o r   C4  o l e f i n s   can  be  a l k y l a t e d  

by  r e a c t i o n   w i t h   i s o - b u t a n e   to  fo rm  C7+  h y d r o c a r b o n  

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

as  h y d r o f l u o r i c   a c i d   or  s u l p h u r i c   a c i d .   The  r e s u l t i n g  

a l k y l a t e   can  be  used   as ,   or  as  p a r t   of ,   t h e   g a s o l i n e  

p r e c u r s o r .  

In  o r d e r   t h a t   t h e   i n v e n t i o n   may  be  c l e a r l y  

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

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

by  t h e   p r o c e s s   of  t h e   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   o n l y ,   w i t h   r e f e r e n c e   to  F i g u r e   1  of  t h e  

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

of   t he   p l a n t .  

I t   w i l l   be  a p p r e c i a t e d   by  t h o s e   s k i l l e d   in  t h e  

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

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

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

l i k e ,   h a v e   been   o m i t t e d   f rom  the   d r a w i n g .   Such  a d d i t i o n a l  

i t e m s   of  e q u i p m e n t   w o u l d   be  p r o v i d e d   in  an  a c t u a l   p l a n t   i n  

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

R e f e r r i n g   to  F i g u r e   1,  a  m i x e d   g a s e o u s  



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

b e e n   p r e t r e a t e d   f o r   r e m o v a l   of  H20,  H2S  and  C02  

t h e r e f r o m ,   i s   s u p p l i e d   by  way  of  l i n e   1  to  a  r e c t i f i e r   o r  

s t r i p p i n g   c o l u m n   2  in   w h i c h   t h e   m i x t u r e   is  s e p a r a t e d   b y  

d i s t i l l a t i o n   i n t o   a  C l - 2   s t r e a m   and  a  C3+ 

s t r e a m .   The  C l - 2   s t r e a m   p a s s e s   o v e r h e a d   and  i s  

s u p p l i e d   by  way  of  l i n e   3  to   t h e   r e f o r m e r   t u b e s   of   a  

r e f o r m e r   f u r n a c e   4.  S t e a m   is   a l s o   s u p p l i e d   to   t h e  

r e f o r m e r   t u b e s   by  way  of  l i n e   5  so  as  to  p r o v i d e   a  

p r e d e t e r m i n e d   s t e a m : c a r b o n   r a t i o   in  t h e   h y d r o c a r b o n / s t e a m  

m i x t u r e   s u p p l i e d   to   t h e   r e f o r m e r   t u b e s .   As  i s  

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

t u b e s ,   w h i c h   may  be  made  f o r   e x a m p l e   of  an  a l l o y   s t e e l   a r e  

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

o x i d e   c a t a l y s t .   S u i t a b l e  p r e h e a t e r s   ( n o t   shown)   a r e  

p r o v i d e d   t o   r a i s e   t h e   C l - 2   s t r e a m   to  a  s u i t a b l e  

i n l e t   t e m p e r a t u r e   e . g .   a b o u t   350°C  p r i o r   to   e n t r y   to   t h e  

r e f o r m e r   t u b e s .   The  b o t t o m   f r a c t i o n   f rom  c o l u m n   2 ,  

c o n s i s t i n g   o f   C3  and  h e a v i e r   h y d r o c a r b o n s ,   p a s s e s  

t h r o u g h   l i n e   6  t o   a  c o l u m n   7  in   w h i c h   t h e   C3  f r a c t i o n   i s  

d i s t i l l e d   o v e r h e a d   w h i l s t   C4  and  h i g h e r   h y d r o c a r b o n s   a r e  

r e m o v e d   t h r o u g h   l i n e   8  as  b o t t o m   p r o d u c t   and  a r e   p a s s e d   t o  

a  f u r t h e r   c o l u m n   9  in  w h i c h   t h e   C4  f r a c t i o n   is  d i s t i l l e d  

o v e r h e a d   and  C5  and  h i g h e r   h y d r o c a r b o n s   a r e   r e m o v e d  

t h r o u g h   l i n e   10  as  b o t t o m   p r o d u c t .   The  C4  f r a c t i o n ,  

w h i c h   c o n s i s t s   m a i n l y   of  n - b u t a n e ,   p a s s e s   t h r o u g h   l i n e   11  

to   a  d e - i s o - b u t a n i s a t i o n   c o l u m n   12  in  w h i c h   t h e   C4 

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

n - b u t a n e   f r a c t i o n .   The  n - b u t a n e   i s   drawn  o f f  a s   b o t t o m  

p r o d u c t   t h r o u g h   l i n e   13  and  i s   s u p p l i e d   to  a  c a t a l y t i c  

i s o m e r i s a t i o n   r e a c t o r   14,  in  w h i c h   n - b u t a n e   is   p a r t i a l l y  

i s o m e r i s e d   to   i s o - b u t a n e   by  p a s s a g e ,   fo r   e x a m p l e ,   o v e r   a  

p l a t i n u m - c o n t a i n i n g   c a t a l y s t   a t   150  to   200°C.   T h e  

i s o - b u t a n e / n - b u t a n e   f i x t u r e   i s   r e m o v e d   from  t h e   r e a c t o r   14 

t h r o u g h   l i n e   15  and  is   f r e e d   f rom  C l - 3   h y d r o c a r b o n s  



in  a  d e p r o p a n i s a t i o n   co lumn  16,  t h e   C l - 3  

h y d r o c a r b o n s   and  h y d r o g e n   b e i n g   d i s c h a r g e d   o v e r h e a d  

by  way  of  l i n e   17.  The  b o t t o m   p r o d u c t   of  t he   c o l u m n   1 6  

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

i s o - b u t a n e   and  i s   r e t u r n e d   to  t h e   d e - i s o - b u t a n i s a t i o n  

c o l u m n   12  t h r o u g h   l i n e   1 8 .  

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

i s o - b u t a n i s a t i o n   c o l u m n   as  o v e r h e a d   p r o d u c t   by  way  of  l i n e  

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

and  b e i n g   c o m b i n e d   w i t h   r e - c y c l e d   i s o - b u t a n e   in  l i n e   2 1 ,  

i s   fed   i n t o   one  of   a  number   of  c a t a l y t i c   d e h y d r o g e n a t i o n  

r e a c t o r s   of  w h i c h   two  o n l y   a r e   shown,   i . e .   r e a c t o r s   2 2 a  

and  22b.   T h e s e   r e a c t o r s ,   e . g .   22a ,   22b,   a r e   s u p p l i e d   i n  

t u r n   w i t h   t h e   i s o - b u t a n e   s t r e a m   and  t h e   o t h e r   r e a c t o r s  

t h a t   a r e   s w i t c h e d   o f f   a t ' a n y   t i m e   a r e   s i m u l t a n e o u s l y  

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

t h e   c a t a l y s t .   D e h y d r o g e n a t i o n   may  be  e f f e c t e d ,   f o r  

e x a m p l e ,   by  p a s s a g e   of  t he   i s o - b u t a n e   s t r e a m   o v e r   a  

c h r o m i u m   o x i d e / a l u m i n i u m   o x i d e   c a t a l y s t   at   a  t e m p e r a t u r e  

in  t h e   r a n g e   of  f rom  a b o u t   540°C  to  a b o u t   640oC.   T h e  

p r o d u c t   gas   f rom  t h e   r e a c t o r s   22a,   22b  c o n s i s t s  

e s s e n t i a l l y   of  an  i s o - b u t a n e / i s o - b u t e n e / h y d r o g e n   m i x t u r e  

and  i s   p a s s e d   v i a   l i n e   23  to  a  c o o l i n g   s y s t e m   24  in  w h i c h  

i t   i s   c o o l e d .   The  c o o l e d   i s o - b u t e n e / i s o - b u t a n e / h y d r o g e n  

m i x t u r e   t h e n   f l o w s   t h r o u g h   l i n e   2 7  t o   a  m u l t i - s t a g e  

c o m p r e s s o r   28  w i t h   i n t e r m e d i a t e   c o o l i n g   by  means   of   w h i c h  

t h e   p r e s s u r e   of  t h e   m i x t u r e   is  r a i s e d   to  a  p r e s s u r e   o f ,  

f o r   e x a m p l e ,   12  b a r .   The  c o m p r e s s e d   m i x t u r e   t h e n   t r a v e l s  

by  way  of   l i n e   29  i n t o   an  a b s o r p t i o n   c o l u m n   30,  in  w h i c h  

i s o - b u t e n e   and  i s o - b u t a n e   a r e   w a s h e d   ou t   of  t he   g a s  
m i x t u r e   w i t h   an  a b s o r p t i o n   o i l .   H y d r o g e n   and  l i g h t  

h y d r o c a r b o n s   w h i c h   a re   fo rmed   as  d e h y d r o g e n a t i o n  

b y - p r o d u c t s   r e m a i n   in  the   gas  p h a s e   and  a re   r e c o v e r e d  

o v e r h e a d   in  l i n e   31.  The  c o l d   a b s o r p t i o n   o i l ,   now  l o a d e d  

w i t h   i s o - b u t e n e   and  i s o - b u t a n e ,   p a s s e s   v i a   l i n e   32  i n t o   a  



s t r i p p e r   33,  in  w h i c h   t h e   i s o - C 4   h y d r o c a r b o n s   a r e  
d r i v e n   o f f   by  h e a t i n g   t h e   a b s o r p t i o n   s o l u t i o n .   T h e  

r e g e n e r a t e d   a b s o r p t i o n   o i l   is   fed   t h r o u g h   l i n e   34  and  i s  

c o o l e d ,   e . g .   by  h e a t   e x c h a n g e   w i t h   t h e   i s o - C 4 -  

h y d r o c a r b o n s   l a d e n   o i l   in  l i n e   32  and  p o s s i b l y   a l s o   b y  

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

r e t u r n e d   to   t h e   t o p   of  t h e   a b s o r p t i o n   c o l u m n   30.  The  g a s  

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

i s o - b u t a n e ,   l e a v e s   t h e   s t r i p p e r   33  t h r o u g h   l i n e   3 5 .  

In  t h e   r e f o r m e r   f u r n a c e   4  t h e   C l - 2  

h y d r o c a r b o n s   s u p p l i e d   in  l i n e   3  a r e   s t e a m   r e f o r m e d   to  f o r m  

a  s y n t h e s i s   gas   w h i c h   is   t h e n   c o m p r e s s e d   in  c o m p r e s s o r   3 6  

and  p a s s e d   v i a   l i n e   37  to  a  m e t h a n o l   s y n t h e s i s   r e a c t o r   3 8 ,  

in  w h i c h   m e t h a n o l   f o r m a t i o n   t a k e s   p l a c e   in  t h e   p r e s e n c e   o f  

a  c a t a l y s t .   The  m e t h a n o l ' f o r m e d   is   s e p a r a t e d   f rom  t h e  

u n r e a c t e d   s y n t h e s i s   gas  by  c o n d e n s a t i o n   in  a  c o n d e n s e r  

( n o t   s h o w n ) ,   w h i l s t   t h e   u n r e a c t e d   s y n t h e s i s   gas  i s  

r e c i r c u l a t e d   v i a   l i n e s   39  and  37  to   t h e   m e t h a n o l   s y n t h e s i s  

r e a c t o r .   L i n e   40  s e r v e s   f o r   d i s c h a r g e   of  t he   p u r g e   g a s  
f rom  t h e   s y n t h e s i s   gas   l o o p .   The  c r u d e   m e t h a n o l   i s  

p a s s e d ,   a f t e r   w a t e r   r e m o v a l ,   a l o n g   l i n e s   41  and  42  and  i s  

c o m b i n e d   w i t h   t h e   i s o - C 4   h y d r o c a r b o n s   m i x t u r e   in  l i n e   3 5  

and  w i t h   a  m e t h a n o l / m e t h y l   t - b u t y l   e t h e r   m i x t u r e   in  l i n e  

43.  The  r e s u l t i n g   m i x t u r e   i s   f ed   v i a   l i n e   44  and  a  

p r e h e a t e r   ( n o t   shown)   to   a  c a t a l y t i c   e t h e r i f i c a t i o n  

r e a c t o r   45.  R e a c t o r   45  c o n t a i n s   a  s o l i d   bed  c a t a l y s t ,  

e . g .   an  a c i d i c   i on   e x c h a n g e   r e s i n   h a v i n g   -S03H  o r  -   COOH 

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

r e a c t i o n .   In  t h e   r e a c t o r   t h e   i s o - b u t e n e   i n t r o d u c e d   in  t h e  

m i x e d   i s o -   b u t e n e / i s o - b u t a n e   s t r e a m   in  l i n e   35  r e a c t s   w i t h  

m e t h a n o l   to   f o r m   m e t h y l   t - b u t y l   e t h e r .  

A  m i x t u r e   c o n s i s t i n g   e s s e n t i a l l y   of  m e t h y l  

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

r e a c t o r   45  and  is   s u p p l i e d   t h r o u g h   l i n e   46  to  a  f i r s t  

p r e s s u r i s e d   c o l u m n   47  in  w h i c h   i s o - b u t a n e   d i s t i l s   o f f  



o v e r h e a d   and  i s   c o m b i n e d   by  way  of  l i n e   21  w i t h   t h e   f e e d  

s t r e a m   in  l i n e   19  f o r   t h e   C4  d e h y d r o g e n a t i o n   r e a c t o r s  

22a,   22b.  The  b o t t o m   p r o d u c t   of  c o l u m n   47  i s   a  m i x t u r e   o f  

m e t h y l   t - b u t y l   e t h e r   and  m e t h a n o l   and  i s   fed  by  way  o f  

l i n e   48  to   a  s e c o n d   p r e s s u r i s e d   c o l u m n  4 9 .   An  a z e o t r o p e ,  

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

r e c o v e r e d   o v e r h e a d   f rom  c o l u m n   49  and  i s   r e c y c l e d   to   t h e  

e t h e r i f i c a t i o n   r e a c t o r   45  by  way  of  l i n e s   43  and  4 4 .  

M e t h y l   t - b u t y l   e t h e r   i s   r e c o v e r e d   as  b o t t o m   p r o d u c t   f r o m  

c o l u m n   49  t h r o u g h   l i n e   5 0 .  

The  o v e r h e a d   p r o d u c t   f rom  c o l u m n   7  c o n s i s t s  

e s s e n t i a l l y   of  C3  h y d r o c a r b o n s ,   m a i n l y   n - p r o p a n e ,   and  i s  

r e c o v e r e d   in  l i n e   51.  T h i s   C3  h y d r o c a r b o n   s t r e a m   i s  

c o m b i n e d   w i t h   p r o p a n e   r e c y c l e d   t h r o u g h   l i n e   52  and  t h e  

c o m b i n e d   s t r e a m   f l o w s   on  t h r o u g h   h e a t e r   53  t o   a  p l u r a l i t y  

of   C3  d e h y d r o g e n a t i o n   r e a c t o r s ,   of  w h i c h   two  o n l y   a r e  

shown,   i . e .   r e a c t o r s   54a ,   54b  w h i c h   a re   c h a r g e d   w i t h   a  

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

o x i d e / a l u m i n i u m   o x i d e   c a t a l y s t .   As  w i t h   t h e   i s o - b u t a n e  

d e h y d r o g e n a t i o n   r e a c t o r s   22a,   22b,  t he   r e a c t o r s   54a ,   5 4 b  

a r e   fed   in  t u r n   w i t h   t h e   C3  h y d r o c a r b o n   f e e d   s t r e a m  

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

b u r n   o f f   c o k e   d e p o s i t e d   on  t he   c a t a l y s t .   T y p i c a l  

d e h y d r o g e n a t i o n   t e m p e r a t u r e s   in  r e a c t o r s   54a,   54b  r a n g e  

f rom  a b o u t   5 4 0 ° C   to   a b o u t   6 4 0 ° C .  

The  r e s u l t i n g   p r o p y l e n e / p r o p a n e   gas  m i x t u r e  

f l o w s   on  by  way  of  l i n e   55  to   an  i s o - p r o p a n o l   p l a n t   56  i n  

w h i c h   p r o p y l e n e   i s   c a t a l y t i c a l l y   h y d r a t e d   in  t h e   gas   p h a s e  

to   i s o - p r o p a n o l .   F u r t h e r   d e t a i l s   of  t he   c o n s t r u c t i o n   a n d  

o p e r a t i o n   of   p l a n t   56  can  be  o b t a i n e d ,   f o r   e x a m p l e ,   f r o m  

German  O f f e n l e g u n g s s c h r i f t   Ko.  2 2 4 8 8 4 1 .   U n r e a c t e d  

p r o p y l e n e   and  p r o p a n e   f rom  p l a n t   56  p a s s   a l o n g   l i n e   57,  t o  

a  p r o p a n e / p r o p y l e n e   s p l i t t e r   58  in  w h i c h   p r o p a n e   a n d  

p r o p y l e n e   a r e   e s s e n t i a l l y   s e p a r a t e d   f rom  each   o t h e r ,   t h e  

p r o p a n e   b e i n g   r e t u r n e d   by  way  of  l i n e   52  t o   t h e  



d e h y d r o g e n a t i o n   r e a c t o r s   54a ,   54b ,   w h i l e   t h e   p r o p y l e n e   i s  

r e c y c l e d   to   t h e   i s o - p r o p a n o l   p l a n t   56  by  way  of  l i n e   5 9 .  

The  p r o d u c t   f rom  p l a n t   56  i s   a  w a t e r - f r e e  

m i x t u r e   of   i s o - p r o p a n o l ,   d i - i s o - p r o p y l   e t h e r   a n d  

b y - p r o d u c t s   and  is   s u i t a b l e   f o r   u s e ,   w i t h o u t   f u r t h e r  

p u r i f i c a t i o n ,   as  a  g a s o l i n e   a d d i t i v e .   T h i s   is   p a s s e d  

a l o n g   l i n e   6 0 .  

The  C5+  h y d r o c a r b o n   s t r e a m   in  l i n e   10  i s  

h e a t e d   in  h e a t e r   61  and  p a s s e d   to   a  r e a c t o r   62  c h a r g e d  

w i t h   an  i s o m e r i s a t i o n   c a t a l y s t ,   s u c h   as  a  p l a t i n u m - c o n -  

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

e x a m p l e   1 5 0 ° C   to  200°C.   The  r e s u l t i n g   C5+ 

i s o m e r a t e   p a s s e s   on  v i a   l i n e   63  to   a  c o n d e n s e r   64.  T h e  

r e s u l t i n g   c o n d e n s a t e   is  r e c o v e r e d   in  l i n e   6 5 .  

The  c a p a c i t y   of  m e t h a n o l   p l a n t   38  e x c e e d s   t h e  

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

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

t h r o u g h   l i n e   66  and  t h e n   is  e i t h e r   e x p o r t e d   b e y o n d   p l a n t  

l i m i t s   in   l i n e   67  or  is  p a s s e d   f o r w a r d   f o r   b l e n d i n g   w i t h  

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

6 8 .  

M e t h y l   t - b u t y l   e t h e r   in  l i n e   50  can  e i t h e r   b e  

e x p o r t e d   b e y o n d   p l a n t   l i m i t s   by  way  of  l i n e   69  or  can  b e  

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

i l l u s t r a t e d   p l a n t   by  way  o f  l i n e   7 0 .  

In  a  s i m i l a r   m a n n e r   t h e   w a t e r - f r e e   c r u d e  

i s o - p r o p a n o l   in  l i n e   60  can  be  p a s s e d   f o r w a r d   fo r   b l e n d i n g  

v i a   l i n e   71  or  e x p o r t e d   b e y o n d   p l a n t   l i m i t s   in  l i n e   7 2 .  

C5+  i s o m e r a t e   in  l i n e   65  can   l i k e w i s e   b e  

p a s s e d   f o r w a r d   f o r   b l e n d i n g   i n  l i n e   73  w h i l s t   any  e x c e s s  

i s   e x p o r t e d   b e y o n d   p l a n t   l i m i t s   in  l i n e   7 4 .  

The  r e s u l t i n g   b l e n d   in  l i n e   79  c o n t a i n s   m e t h y l  

t - b u t y l   e t h e r ,   i s o - p r o p a n o l ,   m e t h a n o l   and  C5+ 
i s o m e r a t e ,   can  be  'us;ed  as  a  g a s o l i n e   a d d i t i v e   and  h a s  

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



The  s t r e a m s   of  h y d r o g e n   and  C 1 - 3  

h y d r o c a r b o n s   in  l i n e s   17  and  31  a r e   c o m b i n e d   in  l i n e   75 

and  p a s s   on  f o r   use  as  f u e l   in  r e f o r m e r   f u r n a c e   4,  t h e  

s t r e a m   in  l i n e   75  b e i n g   mixed   w i t h   t he   p u r g e   gas  s t r e a m   i n  

l i n e   40  f rom  t h e   m e t h a n o l   p l a n t   38  and  w i t h   a  p u r g e   g a s  

s t r e a m   in  l i n e   76  f rom  i s o - p r o p a n o l   p l a n t   56.  F u r t h e r  

f u e l ,   e . g .   n a t u r a l   g a s ,   i s   s u p p l i e d   t h r o u g h   l i n e   77  t o  

t h e   b u r n e r s   of  r e f o r m e r   f u r n a c e   4.  R e f e r e n c e   n u m e r a l   78  

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

r e f o r m e r   f u r n a c e   4 .  

The  i n v e n t i o n   is   f u r t h e r   i l l u s t r a t e d   by  t h e  

f o l l o w i n g   E x a m p l e s   in  w h i c h   a l l   p a r t s   and  p e r c e n t a g e s   a r e  

by  w e i g h t ,   u n l e s s   o t h e r w i s e   s t a t e d .  

E x a m p l e s  

The  f o l l o w i n g   m i x t u r e s   were   made  up  as  s h o w n  

b e l o w   in  T a b l e   I I I :  



1.  I . P .   1 2 3 / 5 8 :   t h e   d i s t i l l a t i o n   c u r v e s   o b t a i n e d  

a r e   shown  in  F i g u r e   2  to   5  of  t h e   a c c o m p a n y i n g   d r a w i n g s .  

F i g u r e s   2  and  3  i l l u s t r a t e   t h e   r e s u l t s   o b t a i n e d   w i t h  

M i x t u r e s   C  and  D  r e s p e c t i v e l y ,   t o g e t h e r   in  each  c a s e   w i t h  

t h e   c o r r e s p o n d i n g   c u r v e   f o r   t he   d i s t i l l a t e .   In  F i g u r e s   4 

and  5  t h e r e   a r e   p l o t t e d   t h e   r e s u l t s   f o r   M i x t u r e s   E  and  F 

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

a l s o   g i v e n .   O t h e r   d a t a   a r e   s e t   o u t   in  T a b l e   I V :  

2.  O c t a n e   n u m b e r s :   t h e   r e s e a r c h   o c t a n e   n u m b e r  

(RON)  and  m o t o r   o c t a n e   n u m b e r   (MON)  of  t he   g a s o l i n e   and  o f  

t h e   d i s t i l l a t e   u s e d   in  p r e p a r a t i o n   of  M i x t u r e s   A  to   F  

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

a r e   g i v e n   in  T a b l e   V  t o g e t h e r   w i t h   t h e   r e s u l t s   f o r  

M i x t u r e s   C  to   F .  





3.  Haze   P o i n t :   t h e   m e t h o d   IP  1 5 / 6 0   f o r   c l o u d   p o i n t  

d e t e r m i n a t i o n   was  u s e d   in  o r d e r   to  d e t e r m i n e   t h e   h a z e  

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

d i s t i l l a t e   as  r e c e i v e d   and  the   same  b a s e   f u e l s   a f t e r  

s a t u r a t i o n   w i t h   w a t e r .   In  a d d i t i o n ,   e x p e r i m e n t s   w e r e  

c a r r i e d   o u t   to   see   how  much  w a t e r   had  to   be  a d d e d   in  o r d e r  

t o   r a i s e   t h e   h a z e   p o i n t   of  t he   m i x t u r e s   t e s t e d   to  t h a t   o f  

t h e   b a s e   f u e l .   The  r e s u l t s   a r e   l i s t e d   in  T a b l e   V I  



1.  A  g a s o l i n e   a d d i t i v e   c o m p r i s i n g   in  a d m i x t u r e  

m e t h a n o l ,   m e t h y l   t - b u t y l   e t h e r   and  a n o t h e r   a l c o h o l ,  

c h a r a c t e r i s e d   in  t h a t   the   a d d i t i v e   c o n t a i n s ,   in  a d d i t i o n  

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

o p t i o n a l l y ,   a  C5+  i s o m e r a t e .  

2.  A  g a s o l i n e   a d d i t i v e   a c c o r d i n g   to  C l a i m   1 ,  

c h a r a c t e r i s e d   in  t h a t   t he   a d d i t i v e   c o m p r i s e s ,   pe r   1 0 0  

p a r t s   by  w e i g h t   of  a d d i t i v e ,   from  a b o u t   5  to  a b o u t   90 

p a r t s   by  w e i g h t   m e t h a n o l ,   f rom  a b o u t   3  to  a b o u t   35  p a r t s  

by  w e i g h t   of  i s o - p r o p a n o l ,   f rom  a b o u t   3  to  a b o u t   35  p a r t s  

by  w e i g h t   of  m e t h y l   t - b u t y l   e t h e r ,   and  f rom  0  to  a b o u t   35  

p a r t s   by  w e i g h t   of  a  C5+  i s o m e r a t e .  

3.  A  p r o c e s s   f o r   p r e p a r i n g   a  g a s o l i n e   a d d i t i v e  

a c c o r d i n g   to  C l a i m   1,  c h a r a c t e r i s e d   in  t h a t   i t   c o m p r i s e s  

i s o m e r i s i n g   n - b u t a n e   c o m p o n e n t   of  a  n a t u r a l   gas  s t r e a m   t o  

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

n a t u r a l   gas  s t r e a m   to  p r o p y l e n e   and  i s o - b u t a n e   f o rmed   b y  
i s o m e r i s a t i o n   of  n - b u t a n e   to  i s o - b u t e n e   r e s p e c t i v e l y ,  

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

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

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

and  m e t h y l   t - b u t y l   e t h e r   w i t h   m e t h a n o l   to  form  t h e  

g a s o l i n e   a d d i t i v e .  

4.  A  p r o c e s s   a c c o r d i n g   to  C l a i m   3,  c h a r a c t e r i s e d   i n  

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

c a r r i e d   ou t   w i t h o u t   p r i o r   s e p a r a t i o n   of  C3  and  C4 

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

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

c a r r i e d   ou t   s i m u l t a n e o u s l y   in  the   same  r e a c t o r   o r  

r e a c t o r s .  



5.  A  p r o c e s s   a c c o r d i n g   to   C l a i m   3,  c h a r a c t e r i s e d   i n  

t h a t   s e p a r a t i o n   of  C3  and  C4  h y d r o c a r b o n s   is  e f f e c t e d  

p r i o r   to  i s o m e r i s a t i o n   of  n - b u t a n e   c o m p o n e n t   a n d  

i s o - b u t a n e   and  n - b u t a n e   a re   s e p a r a t e d   p r i o r   t o  

d e h y d r o g e n a t i o n   of  i s o - b u t a n e .  

6.  A  p r o c e s s   a c c o r d i n g   to  C l a i m   3,  c h a r a c t e r i s e d   i n  

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

ing  Cl  to   C4  h y d r o c a r b o n s   to  p r o v i d e   a  C l - 2  

h y d r o c a r b o n - c o n t a i n i n g   s t r e a m ,   a  C3  h y d r o c a r b o n -  

c o n t a i n i n g   s t r e a m   and  a  C4  h y d r o c a r b o n - c o n t a i n i n g  

s t r e a m ,   c a t a l y t i c a l l y   d e h y d r o g e n a t i n g   p r o p a n e   in  t he   C3 

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

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

in  t he   C4  h y d r o c a r b o n - c o n t a i n i n g   s t r e a m   to  f o r m  

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

i s o - b u t a n e   to  form  an  i s o - b u t a n e / i s o - b u t e n e   m i x t u r e ,  

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

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

i s o - b u t e n e   in  t he   i s o - b u t e n e / i s o - b u t a n e   m i x t u r e   to  f o r m  

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

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

the   i s o - b u t a n e   d e h y d r o g e n a t i o n   s t a g e ,   and  b l e n d i n g   a t  

l e a s t   a  p o r t i o n   of  t he   n o n - e t h e r i f i e d   m e t h a n o l ,  

i s o - p r o p a n o l   and  m e t h y l   t - b u t y l   e t h e r   to  form  the   g a s o l i n e  
a d d i t i v e .  

7.  A  p r o c e s s   a c c o r d i n g   to  C l a i m   6,  c h a r a c t e r i s e d   i n  

t h a t   t he   C l - 2   h y d r o c a r b o n - c o n t a i n i n g   s t r e a m   is  s t e a m  

r e f o r m e d   to  form  a  s y n t h e s i s   gas  and  r e s u l t i n g   s y n t h e s i s  

gas   is  c a t a l y t i c a l l y   c o n v e r t e d   to  m e t h a n o l .  

8.  A  p r o c e s s   a c c o r d i n g   to  a n y  o n e   of  C l a i m s   3  to   7 ,  

c h a r a c t e r i s e d   in  t h a t   C5  and  h e a v i e r   h y d r o c a r b o n s   a r e  

s e p a r a t e d   f rom  the   n a t u r a l   gas   s t r e a m ,   C5  and  C6 



h y d r o c a r b o n s   s e p a r a t e d   from  t h e  n a t u r a l   gas  a re   s u b j e c t e d  

to  i s o m e r i s a t i o n   and  r e s u l t i n g   C5+  i s o m e r a t e   i s  

i n c o r p o r a t e d   in  t he   g a s o l i n e   a d d i t i v e .  

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

c o m p r i s e s   an  a d d i t i v e   a c c o r d i n g   to  C l a i m   1  or  C l a i m   2  o r  

p r e p a r e d   by  a  p r o c e s s   a c c o r d i n g   to  a n y  o n e   of  C l a i m s   3  t o  

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