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(54)  Fuel  compositions. 

  A  gasoline  composition  for  spark  ignition  internal  com- 
bustion  engines  having  a  RON  of  at  least  80  and  containing  1 
to  6%  v/v  of  dimethyl  carbonate  as  an  octane  No.  improving 
additive. 



This  i n v e n t i o n   r e l a t e s   to  fuel   compos i t i ons   and  i n  

p a r t i c u l a r   to  g a s o l i n e   compos i t ions   for   use  in  spark  i g n i t i o n   i n t e r n a l  

combustion  e n g i n e s .  

Such  g a s o l i n e   compos i t ions   comprise  a  mix ture   of  h y d r o c a r b o n s  
and  o ther   a d d i t i v e s .   The  compos i t ion   is  r e q u i r e d   to  v a p o r i s e   over  a  

range  of  t e m p e r a t u r e s   to  give  s a t i s f a c t o r y   hot  and  c o l d  s t a r t i n g  

c h a r a c t e r i s t i c s   and  e f f i c i e n t   engine  o p e r a t i o n .   To  t h i s   end  t h e  

composi t ions   g e n e r a l l y   have  i n i t i a l   and  f i n a l   b o i l i n g   p o i n t s   w i t h i n  

the  range  25-35°C  and  200-220°C  r e s p e c t i v e l y .   -The  g a s o l i n e   c o m p o s i t i o n  

is  o f t en   v a r i e d   with  the  time  of  year   a n d / o r   r eg ion   to  a l low  f o r  

v a r i a t i o n s   in  the  average   ambient  temperature- .   T h e  d i s t i l l a t i o n   a n d  

vapour  p r e s s u r e   c h a r a c t e r i s t i c s   of  t y p i c a l   g a s o l i n e s  a r e   as  f o l l o w s .  

For  economic  reasons   the  compos i t ions   g e n e r a l l y   c o n t a i n   a s  

much  butane  as  is  c o n s i s t e n t   with  o b t a i n i n g   s a t i s f a c t o r y   v a p o u r  

p r e s s u r e   and  b o i l i n g   range  c h a r a c t e r i s t i c s .  

Spark  i g n i t i o n   i n t e r n a l   combust ion  engines ,   such  as  those  u s e d  

in  sutomobiles,  g e n e r a l l y   have,  in  the  i n t e r e s t s   of  e f f i c i e n c y ,   a  

r e l a t i v e l y   high  compress ion   r a t i o .   For  such  engines  a  fuel   h a v i n g  

a  high  octane  r a t i n g   is  r e q u i r e d :   the  Research   Octane  Number  (RON) 

is  normal ly   above  80,  more  u s u a l l y   above  85,  and  in  most  cases  above  90 :  

indeed  compos i t ions   having  a  RON  in  the  range  95-100  are  widely  u s e d  

for  premium  grade  f u e l s .   In  order   to  achieve   the  d e s i r e d   o c t a n e  

r a t i n g ,   a d d i t i v e s   are  g n e r a l l y   i n c o r p o r a t e d   in to   the  compos i t ion :   l e a d  

compounds,  e.g.   lead   t e t r a e t h y l ,   are  the  most  widely   used  o c t a n e  



r a t i n g   improver s .   However  env i ronmen ta l   c o n s i d e r a t i o n s   make  t h e  

use  of  h i g h l y   leaded   g a s o l i n e s   u n d e s i r a b l e :   the  d i s c h a r g e   of  e x h a u s t  

gases  from  i n t e r n a l   combustion  engines  in to   the  atmosphere  c a u s e s  

p o l l u t i o n   and  a l l e g e d l y   p r e s e n t   h e a l t h   h a z a r d s .   These  exhaust   g a s e s  
c o n t a i n   not  only  l ead   compounds  which  themselves   give  r i s e   t o  

p o l l u t i o n   and  a l l e g e d   h e a l t h   hazards   but  a lso   va r ious   n i t r o g e n   o x i d e s  

which  may  a lso   be  o b j e c t i o n a b l e .   To  reduce  the  n i t r o g e n   o x i d e s  

emiss ion   i t   is  o f t en   d e s i r a b l e   to  employ  c a t a l y t i c   c o n v e r t e r s   in  t h e  

exhaus t   system  to  conver t   the  n i t r o g e n   oxides  to  l e s s   o b j e c t i o n a b l e  

m a t e r i a l s :   however  the  c a t a l y s t s   in  such  c o n v e r t e r s   are  o f t en   p o i s o n e d  

by  l ead   compounds  in  the  exhaust   g a s e s .  
For  these   env i ronmen ta l   r easons   the  maximum  amount  of  l e a d  

tha t   can  be  i n c o r p o r a t e d   in to   g a s o l i n e   is  o f t en   r e s t r i c t e d :   in  many 
c o u n t r i e s   i t   is  r e s t r i c t e d   to  no  more  than  0.4  g  P b / l i t r e   and  in  some 
c o u n t r i e s   to  no  more  than  0.15  P b / l i t r e .   Indeed  unleaded  g a s o l i n e  

is  used  in  some  c o u n t r i e s .  

A l t e r n a t i v e   octane  improving  a d d i t i v e s   tha t   have  b e e n  

employed  i n c l u d e   e the r s   and  a l c o h o l s   such  as  methyl  t - b u t y l   e t h e r  

(MBE)  and  t - b u t a n o l   a lone  or  in  admixture   with  o ther   a l c o h o l s   such  a s  

e t h a n o l .   The  b l e n d i n g   RON  of  these   a d d i t i v e s   v a r i e s   to  some  e x t e n t  

on  the  base  g a s o l i n e   used  in  the  RON  d e t e r m i n a t i o n   and  on  the  amount 

of  a d d i t i v e   employed:  t y p i c a l   b l e n d i n g   RON  are  as  f o l l o w s :  

While  measurements   i n d i c a t e   tha t   methanol  has  a  high  b l e n d i n g  

RON,  the  b e n e f i t   observed  in  normal  au tomobi le   usage  is  markedly  l e s s  

than  t ha t   p r e d i c t e d   from  i t s   b l e n d i n g   RON. 

While  h a s   a  h igh  b l e n d i n g   RON,  i t   has  a  r e l a t i v e l y   low 

b o i l i n g   po in t   (55°C)  and  so  i t s   use  as  an  octane  improver  has  t h e  

d i s a d v a n t a g e   t ha t   the  amount  of  butane  tha t   can  be  inc luded   in  t h e  

g a s o l i n e   compos i t i on   is  reduced.   Methanol  s u f f e r s   from  the  same 

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

We  have  found  tha t   d i - a l k y l   c a rbona t e s   can  be  used  t o  

improve  the  octane  r a t i n g   of  g a s o l i n e   wi thout   the  a f o r e m e n t i o n e d  

d i s a d v a n t a g e s .   D i - a l k y l   c a rbona t e s   have  been  proposed  as  g a s o l i n e  



a d d i t i v e s   in  US-A-2331386  which  quoted  a  b l e n d i n g   octane  number  o f  

96-98  for   d i - e t h y l   ca rbona te   (DEC)  when  used  in  g a s o l i n e s   o f  

octane  number  about  74  to  79.  Our  measurements   conducted  on 

g a s o l i n e s   having  h i g h e r   RON  i n d i c a t e   tha t   DEC  has  a  b l e n d i n g  

RON  of  the  order   of  110-112  and  t h a t ,   s u r p r i s i n g l y ,   d i - m e t h y l  

ca rbona te   (DMC)  has  a  much  h i g h e r   b l e n d i n g   RON,  of  the  order   o f  

120-130  or  more .  

Compared  with  DEC  and  o the r   d i - a l k y l   c a r b o n a t e s ,   e . g .  

d i -   n -p ropy l   ca rbona te   (DPC)  and  d i - n - b u t y l   c a rbona te   (DEC),  a n d  

with  o the r   l e a d - f r e e   octane  improving  a d d i t i v e s   such  as  a l c o h o l s ,  

e.g.   methanol ,   e t h a n o l ,   t - b u t a n o l ,   and  MTBE,  DMC  has  a  number  o f  

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

g r a v i t y   and  a  much  lower  net  c a l o r i f i c   value  ( i . e .   the  heat   o f  

combustion  exc lud ing   the  heat   l i b e r a t e d   by  c o n d e n s a t i o n   of  the  w a t e r  

vapour  f o m e d   dur ing   combust ion,   s ince   in  i n t e r n a l   c o m b u s t i o n  

engines  th i s   water   vapour  is  not  condensed  but  is  emi t t ed   with  t h e  

exhaust   g a s e s ) .  

However,  the  u n e x p e c t e d l y   high  b l e n d i n g   RON  of  DMC  o u t w e i g h s  

these   d i s a d v a n t a g e s   and  r enders   DNC  p a r t i c u l a r l y   u s e f u l   as  an  o c t a n e  

improving  a g e n t .  

Accord ing ly   the  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  g a s o l i n e  

compos i t ion   having  a  RON  of  at  l e a s t   80  and  compr i s ing   g a s o l i n e  

hydrocarbons   and  from  1  to  6%  by  volume,  based  on  the  volume  of  t h e  

compos i t ion ,   of  IMC. 

Another  d i s a d v a n t a g e   of  octane  improving  a d d i t i v e s   such  a s  
a l c o h o l s   is  t h e i r   water   m i s c i b i l i t y .   The  use  of  water   m i s c i b l e  

a d d i t i v e s   p r e s e n t s   s t o r age   p roblems,   p a r t i c u l a r l y   the  use  of  g a s o l i n e  

s t o r age   tanks  having   water   p r o v i d i n g   a  base  l e v e l .   Not  only  may 
water   m i s c i b l e   a d d i t i v e s   tend  to  be   l eached   from  the  g a s o l i n e  

in to   the  aqueous  phase  upon  s t o r a g e   over  a  water   base,   but  also  t h e i r  

p resence   in  the  g a s o l i n e   may  i n c r e a s e   the  s o l u b i l i t y   of  water   in  t h e  

g a s o l i n e .  

The  s p e c i f i c   g r a v i t y ,   net  c a l o r i f i c   va lue ,   and  w a t e r  

s o l u b i l i t y   of  DMC  in  r e l a t i o n   to  o the r   d i - a l k y l   c a r b o n a t e s   and  o t h e r  

ga so l i ne   a d d i t i v e s   are  l i s t e d   in  the  f o l l o w i n g   t a b l e .  



Although  DMC  has  an  a p p r e c i a b l e   s o l u b i l i t y   in  water ,   and  t h i s  

s o l u b i l i t y   is  s i g n i f i c a n t l y   g r e a t e r   than  tha t   of  o ther   d i - a l k y l  

c a r b o n a t e s ,   the  p a r t i t i o n   c o e f f i c i e n t   of  DMC  between  the  g a s o l i n e   a n d  

aqueous  phases   is  s t r o n g l y   in  favour   of  d i s s o l u t i o n   in  the  g a s o l i n e  

phase.   Fu r the rmore ,   d e s p i t e   the  g r e a t e r   s o l u b i l i t y   of  DMC  in  w a t e r ,  

the  i n c r e a s e   in  s o l u b i l i t y   of  water   in  g a s o l i n e   r e s u l t i n g   f rom 

i n c o r p o r a t i o n   of  DMC  in to   g a s o l i n e   appears   to  be  s i g n i f i c a n t l y   l e s s  

than  t h a t   given  by  the  i n c o r p o r a t i o n   of  DEC  in to   g a s o l i n e .  
DMC  can  r e a d i l y   be  produced  from  f e e d s t o c k s   o the r   t h a n  

crude  o i l   and  so  i t s   use  enables   a  g r e a t e r   amount  of  fuel   to  b e  

o b t a i n e d   from  a  given  q u a n t i t y   of  crude  o i l .  

Thus  DMC  can  be  made  from methanol  by  r e a c t i o n   with  c a r b o n  

monoxide  and  oxygen  over  a  s u i t a b l e   c a t a l y s t ,   e.g.   copper  c h l o r i d e :  

fo r   example  see  Ind.  Eng  Chem.  Prod.  Res.  Dev.  (1980)  19,  396-403.  

I t   may  also  be  made  by  r e a c t i n g   e thy lene   oxide  with  carbon  d i o x i d e  

to  produce  e thy lene   ca rbona te   which  is  then  r e a c t e d   with  methanol  t o  

produce  DMC  and  e thy lene   g l y c o l :   for   example  see  US-A-3642858 

and  3803201.  

The  compos i t ions   of  the  p r e s e n t   i n v e n t i o n   may  con ta in   o t h e r  

a d d i t i v e s   e.g.   v i s c o s i t y   m o d i f i e r s ,   gum  s u p p r e s s a n t s   and  o ther   o c t a n e  

improvers ,   e .g .   o the r   d i - a l k y l   c a r b o n a t e s ,   a l c o h o l s   or  e t h e r s ,   such  



as  t - b u t a n o l   and  MTBE,  and  lead  compounds  such  as  lead  t e t r a a l k y l s  

e.g.   lead  t e t r a e t h y l   and  lead  t e t r a m e t h y l .   However,  f o r  

env i ronmenta l   reasons   ment ioned  h e r e i n b e f o r e ,   the  lead   c o n t e n t  

is  p r e f e r a b l y   not  more  than  0.4,   p r e f e r a b l y   not  more  than  0 . 1 5 ,  

g  P b / l i t r e .   In  p a r t i c u l a r   we  p r e f e r   t ha t   the  g a s o l i n e   compos i t ion   i s  

s u b s t a n t i a l l y   lead  f r e e .  

D i - a l k y l   c a rbona t e s   tha t   can  be  used  in  c o m b i n a t i o n  

with  DMC  ( b o i l i n g   po in t   90°C)  are  those  d i - a l k y l   c a r b o n a t e s   of  t h e  

formula  R1-0-R2  in  which  R   and  R2  are  a lky l   r a d i c a l s   which  may  b e  

the  same  or  d i f f e r e n t   and  in  which  the  t o t a l   number  of  carbon  a toms  

in  the  a lky l   groups  R1  and  R2  is  from  3  to  8.  Examples  of  s u c h  

d i - a l k y l   c a rbona te s   i n c l u d e :  

Each  of  the  a lkyl   groups  R   and  R2  p r e f e r a b l y   con t a in s   l e s s   t h a n  

5  carbon  a t oms .  

S ince   d i - a l k y l   c a r b o n a t e s ,   and  DMC  in  p a r t i c u l a r ,   have  a  

poor  c a l o r i f i c   value  when compared  to  h y d r o c a r b o n s ,   the  t o t a l   amount  o f  

d i - a l k y l   ( i n c l u d i n g   d i - m e t b y l )   c a r b o n a t e s   is  p r e f e r a b l y   below  10%  by  
volume  of  the  g a s o l i n e   compos i t ion ,   while  the  amount  of  IMC  employed ,  

whether   alone  or  in  a d m i x t u r e  w i t h   o the r   d i - a l k y l   c a rbona t e s   a n d / o r  

o the r   octane  improvers   is  between  l  and  6%  by  volume  of  the  g a s o l i n e  

composi t ion .   The  use  of  h i g h e r   p r o p o r t i o n s   of  d i - a l k y l   c a r b o n a t e s ,  a n d  

DMC  in  p a r t i c u l a r ,   would  not  only  give  l e s s   energy  per  l i t r e   of  t h e  

compos i t ion   but  also  would  n e c e s s i t a t e   m o d i f i c a t i o n   of  c a r b u r e t t o r  

or  fuel   i n j e c t o r   s e t t i n g s   to  allow  for   the  d i f f e r e n t   f u e l / a i r   r a t i o  

r e q u i r e d   for  the  combustion  of  d i - a l k y l   c a r b o n a t e s   r e l a t i v e   to  t h a t  

r e q u i r e d   for  hyd roca rbons .   The  i n c o r p o r a t i o n   of  DMC  into  g a s o l i n e  

has  no  unexpec ted   adverse   e f f e c t   upon  the  d i s t i l l a t i o n   c h a r a c t e r i s t i c s  

or  the  Reid  vapour  p r e s s u r e   of  the  c o m p o s i t i o n .  



P r e f e r a b l y   the  amount  of  DMC  employed  is  3  to  5%  by  

volume.  The  use  of  such  amounts  of  DMC  g e n e r a l l y   i n c r e a s e s   t h e  

RON  of  un leaded   g a s o l i n e   or  l eaded   g a s o l i n e   c o n t a i n i n g   up  t o  

0.4  g  Pb/1  by  about  1-2  u n i t s .  

In  some  cases  a  mixture   of  DMC  and  one  or  more  o t h e r  

d i - a l k y l   c a r b o n a t e s   may  be  p r e f e r a b l e   to  DMC  alone  because  the  m i x t u r e  

has  a  h i g h e r   c a l o r i f i c   va lue ,   per  u n i t   volume,  a  range  of  b o i l i n g  

p o i n t s   and  v a p o u r i s a b i l i t y ,   and  l e s s   mutual  s o l u b i l i t y   in  water  compare  
with  DMC.  All  these   p r o p e r t i e s   are  advantageous   in  g a s o l i n e  

compos i t ions   for   spark  i g n i t i o n   i n t e r n a l   combustion  e n g i n e s .  

However  such  a  mix ture   w i l l   of  course  have  a  lower  b l end ing   RON  t h a n  

DMC  a l o n e .  

A  mix ture   of  d i - a l k y l   ca rbona tes   may  c o n v e n i e n t l y   be  made, 

when  u s i n g   a  d i - a l k y l   ca rbona te   p roduc ing   p r o c e s s ,   such  as  t h o s e  

ment ioned  above,  where in   the  r e a c t a n t   p r o v i d i n g   the  a lky l   r a d i c a l s  

is  an  a l c o h o l ,   by  u s ing   as  the  a l coho l   a  mixture   of  a l c o h o l s .  

Such  a  mix ture   of  a l c o h o l s   may  be  s y n t h e s i s e d   from  a  s y n t h e s i s   ga s  

compr i s ing   carbon  monoxide  and  hydrogen,   by  the  use  of  a  s u i t a b l e  

c a t a l y s t .   P r o c e s s e s   for   making  such  a l coho l   mix tures   are  well  known 

in  the  a r t .  

The  r a t i o   of  h i g h e r   a l c o h o l s   (mainly  C2  to  C5)  to  m e t h a n o l  

and  the  s t r u c t u r e ,   i . e .   branched  or  s t r a i g h t   chain,   of  the  a l c o h o l s  

h i g h e r   than  e thano l   produced  by  these   p r o c e s s e s   wi l l   depend  on  t h e  

p r e c i s e   c a t a l y s t   and  s y n t h e s i s   c o n d i t i o n s ,   i n c l u d i n g   the  H2/CO  r a t i o  

employed .  

As  ment ioned  h e r e i n b e f o r e   one  convenien t   method  for   t h e  

manufac tu re   of  d i - a l k y l   c a rbona t e s   is  by  r e a c t i o n   of  an  a lky lene   o x i r a n e  

e .g.   e t hy l ene   or  p ropy lene   oxide,   with  carbon  d ioxide   to  produce  a n  

a l k y l e n e   ca rbona te   which  is  then  r e a c t e d   with  an  a l coho l   to  give  t h e  

d i - a l k y l   ca rbona te   and  a  g lycol   ( for   example  as  d e s c r i b e d   i n  

US-A-3642,858  and  3 , 8 0 3 , 2 0 1 ) .   Glycols ,   which  have  a  v a r i e t y   o f  

uses ,  a re   o f ten   made  by  the  h y d r o l y s i s   of  a l ky l ene   o x i r a n e s .   T h e r e -  

fo re ,   by  m o d i f i c a t i o n   of  the  c o n v e n t i o n a l   g lycol   p r o d u c t i o n   route   o f  

h y d r o l y s i s   of  a l ky l ene   ox i ranes   by  r e p l a c i n g   tha t   h y d r o l y s i s   step  w i t h  

an  a l ky l ene   ca rbona te   f o rma t ion   step  fo l lowed  by  r e a c t i o n   of  t h e  

a l k y l e n e   ca rbona te   with  an  a l c o h o l ,   a  d i - a l k y l   ca rbona te   can  be  made 



from  the  a lcohol   in  a d d i t i o n   to  the  p r o d u c t i o n   of  the  g lycol   f rom 

the  a lky lene   o x i r a n e .  

One  method  tha t   is  employed  for   the  p r o d u c t i o n   of  a l k y l e n e  

ox i ranes   ( for   subsequent   h y d r o l y s i s   to  the  c o r r e s p o n d i n g   g l y c o l )  

invo lves   the  fo rma t ion   of  an  a lky l   h y d r o p e r o x i d e   by  the  r e a c t i o n   o f  

an  alkane  with  oxygen,  i . e .  

fo l lowed  by  the  r e a c t i o n   of  the  a lky l   h y d r o p e r o x i d e   with  an  a l k e n e ,  

e.g.   p ropy lene ,   e . g .  

(see  for   example  UK-A-1,060,122  and  1 , 0 7 4 , 3 3 0 ) .   G e n e r a l l y   t h e  

a lkyl   group  R  should  be  a  t e r t i a r y   a lky l   group  so  tha t   the  h y d r o -  

pe rox ide   has  s u f f i c i e n t   s t a b i l i t y   for  use  in  the  r e a c t i o n   with  t h e  

a lkene .   A  by -p roduc t   of  t h i s   r e a c t i o n   is  thus  the  a l coho l   ROH 

c o r r e s p o n d i n g   to  the  a lky l   h y d r o p e r o x i d e   ROOH. 

The  na tu re   of  the  b y - p r o d u c t   a l coho l   ROE  w i l l   of  c o u r s e  

depend  on  the  alkane  f e e d s t o c k   employed  to  make  the  h y d r o p e r o x i d e  

ROOH.  Depending  on  the  a lkyl   group  R  the  b y - p r o d u c t   a l coho l   ROH 

can  be  put  to  a  v a r i e t y   of  uses  i n c l u d i n g   one  or  more  o f :  

i )   d i r e c t l y   as  g a s o l i n e   a d d i t i v e s ,  

i i )   used  in  d i - a l k y l   c a rbona te   m a n u f a c t u r e ,  

i i i )   dehydra ted   to  the  e o r r e s p o n d i n g   a lkene  which  i s  

used  as  pa r t   o f  t h e   a lkene  used  to  make  the  a l k y l e n e  

o x i r a n e  

iv)  dehydra ted   to  the  c o r r e s p o n d i n g   a lkene  which  is  used  t o  

make  an  e t h e r  

v)  used  as  an  a l coho l   in  the  r e a c t i o n   of  an  a lkene  and  a n  

a lcohol   to  produce  an  e t h e r .  

i)  Alcohols   c o n t a i n i n g   4  to  8  carbon  atoms,  p a r t i c u l a r l y  

t - b u t a n o l ,   are  u s e f u l   as  such  as  g a s o l i n e   a d d i t i v e s .   By  the  use  o f  

a  mixture  of  a l kanes ,   e.g.  a  s u i t a b l e   pe t ro l eum  f r a c t i o n ,   a  m i x t u r e  

of  such  a l coho l s   can  be  produced.   Hence  by  i n t e g r a t i n g   the  a b o v e -  

mentioned  p r o c e s s e s ,   a  d i - a l k y l   ca rbona te   and  one  or  more  C4-C8 
a l coho l s   can  be  produced  and  used  as  g a s o l i n e   a d d i t i v e s ,   and  at  t h e  

same  time  the  g lycol   r e q u i r e d   for  o the r   a p p l i c a t i o n s   is  p r o d u c e d .  



i i )   As  ment ioned  h e r e i n b e f o r e ,   the  a lky l   group  R  wi l l   g e n e r a l l y  
be  a  t e r t i a r y   a lky l   group.  Also  s ince ,   even  at  the  t h e o r e t i c a l  

100%  e f f i c i e n c y ,   only  one  mole  of  the  a l coho l   ROH  is  produced  f o r  

each  mole  of  a l k y l e n e   ox i rane   (which  gives  one  mole  of  the  a l k y l e n e  

c a r b o n a t e )   and  two  moles  of  a l coho l   are  r e q u i r e d   for  the  r e a c t i o n   w i t h  

the  a l k y l e n e   ca rbona te   to  produce  the  d i - a l k y l   c a rbona t e ,   some 

a d d i t i o n a l   a l c o h o l ,   e .g .   methanol ,   ob t a ined   from  ano the r   source  i s  

r e q u i r e d ,   over  and  above  t ha t   produced  in  the  o x i r a n e - p r o d u c i n g   r e a c t i o n ,  

fo r   the  p r o d u c t i o n   of  the  d i - a l k y l   c a rbona t e .   Hence  by  us ing   a  

s u i t a b l e   a lkane   f e e d s t o c k   to  produce  the  a l coho l   ROH,  and  a n o t h e r  

a l coho l   e.g.   methanol  is  used  as  the  a d d i t i o n a l   a l c o h o l ,   a  g a s o l i n e  

a d d i t i v e   c o n p r i s i n g   a  mixture   of  d i - a l k y l   ca rbona tes   a n d / o r   a  d i - a l k y l  

ca rbona te   in  which  the  a lky l   groups  d i f f e r ,   can  be  p r o d u c e d .  

i i i )   Where  the  a l coho l   ROH  has  the  same  carbon  s k e l e t o n   a s  
the  d e s i r e d   g l y c o l ,   the  a l coho l   can  be  dehydra ted   to  the  c o r r e s p o n d i n g  
a lkene .   The  a lkene   can  be  r e c y c l e d   to  the  o x i r a n e - p r o d u c i n g  

r e a c t i o n   and  used  as  p a r t   of  the  a lkene  employed  in  the  p r o d u c t i o n   o f  

the  a l k y l e n e   ox i rane   as  d e s c r i b e d   in  UK-A-1,111,945.   In  th i s   way  t h e  

amount  of  a lkene  f e e d s t o c k   employed  to  make  the  g lycol   can  b e  

reduced ,   and  c o n s e q u e n t l y   the  amount  of  d i - a l k y l   ca rbona te   p r o d u c e d  

u t i l i s i n g   a  given  amount  of  alkene  f e e d s t o c k   i s   i n c r e a s e d .  

iv)  The  a l coho l   ROE  can  be  dehydra t ed   to  a n  a l k e n e   wh ich  

is  then  r e a c t e d   with  an  a l coho l   to  form  an  e the r .   Thus  t - b u t a n o l  

(formed  from  i s o b u t a n e   via  t - b u t y l   hyd rope rox ide )   dehydra tes   t o  

i s o b u t e n e   which,  on  r e a c t i o n   with  methanol ,   gives  methyl  t - b u t y l  

e t h e r   (MTBE).  Again,  by  use  of  a  mixture   of  a lkanes   to  give  a  

mix tu re   of  a l c o h o l s   and  hence  a  mixture   of  a lkenes ,  a   mix-cure  of  e t h e r s  

can  be  produced.   MTBE  and  s i m i l a r   e t h e r s ,   and  e ther   m ix tu re s ,   a r e  

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

The re fo re   by  t h i s   rou te   both  d i - a l k y l   ca rbona tes   and  e t h e r s  

which  are  u s e f u l   as  g a s o l i n e   a d d i t i v e s ,   can  be  produced  in  a d d i t i o n   t o  

a  g l y c o l .  

v)  The  a l coho l   ROH  can  be  used  as  pa r t   or  a l l   of  t h e  

a l c o h o l   r e a c t e d   with  an  a lkene  to  give  an  e the r ,   e.g.  as  d e s c r i b e d   i n  

iv)  above.  Some  or  a l l   of  the  alkene  may  be  der ived   from  par t   o f  



the  a lcohol   ROH  by  d e h y d r a t i o n   as  in  iv)  above  while  the  r e m a i n d e r  

of  the  a lcohol   ROH  is  r e a c t e d ,   if   d e s i r e d   in  admixture   with  a n  

a l c o h o l ,   e.g.   methanol ,   ob ta ined   from  ano the r   source ,   with  the  a l k e n e  

to  give  an  e the r ,   or  e the r   mix tu re ,   s u i t a b l e   for   use  as  g a s o l i n e  

a d d i t i v e s .  

Where  a  mixture   of  a lkanes   is  employed,  g iv ing   a  mix ture   o f  

hyd rope rox ides   and  hence  a  mix ture   of  a l c o h o l s ,   the  l a t t e r   mix ture   c a n  

be  f r a c t i o n a t e d   so  tha t   some  a l c o h o l s   are  s u b j e c t e d   to  one  or  more 

of  the  uses  o u t l i n e d   above  while  o the r s   are  employed  in  o ther   o f  

s a i d  u s e s .   For  example,  c o n s i d e r i n g  u s e s   iv)  and  v)  above,  a n  

a lcohol   mixture   produced  from  a  mix ture   of  h y d r o p e r o x i d e s   can  b e  

s e p a r a t e d   into  "high"  and  "low"  f r a c t i o n s :   the  "high"  f r a c t i o n   c a n  
be  dehydra ted   to  the  c o r r e s p o n d i n g   a lkene  or  a lkenes   while  the  " low"  

f r a c t i o n   r e a c t e d   with  the  alkene  or  a lkene  mixture   ob ta ined   from  t h e  

"high"  f r a c t i o n   to  give  the  e the r   or  e the r   m i x t u r e .  

Which,  i f   any,  of  the  a f o r e m e n t i o n e d   uses  of  the  a l coho l   i s  

adopted  wi l l   of  course  depend  on  the  n a t u r e   of  the  f e e d s t o c k   employed 

and  on  the  d e s i r e d   end  p roduc t :   for   example  in  some  cases  i t   may  be  

d e s i r e d   to  produce  a  l i q u i d   fuel   m a t e r i a l   c o n t a i n i n g   as  a d d i t i v e s ,   n o t  

only  at  l e a s t   one  d i - a l k y l   ca rbona te   but  a l so ,   at  l e a s t   one  a l c o h o l  

and  at  l e a s t   one  e the r   in  s p e c i f i e d   p r o p o r t i o n s .   By  u t i l i s i n g   a  

combinat ion   of  uses  i ) ,   iv)  and /o r   v)  and  o p t i o n a l l y   i i )   i f   n e c e s s a r y ,  
in  the  a p p r o p r i a t e   p r o p o r t i o n s ,   the  d e s i r e d   a d d i t i v e s   in  t h e i r   d e s i r e d  

r e s p e c t i v e   q u a n t i t i e s   can  be  ob t a ined .   Of  course ,   where  a  m i x t u r e  

of  a lkanes   is  used,  g iv ing   a  mix ture   of  the  a l c o h o l s   ROH,  it   may  b e  

d e s i r a b l e   to  f r a c t i o n a t e   the  a l coho l   mix ture   and  s u b j e c t   the  d i f f e r e n t  

f r a c t i o n s   to  the  d i f f e r e n t  u s e s .  

Accord ing ly   a  f u r t h e r   a spec t   of  the  i n v e n t i o n   p rov ides   a  

process   for  the  manufac tu re   of  i)  a  d i - a l k y l   ca rbona te   p r o d u c t  

c o n s i s t i n g   of  at  l e a s t   one  d i - a l k y l   c a rbona t e ,   i i )   an  a lcohol   p roduc t   A 

c o n s i s t i n g   of  at  l e a s t   one  a l coho l   and /o r   an  e the r   p roduc t   c o n s i s t i n g  

of  at  l e a s t   one  e the r ,   and  i i i )   a  g lyco l   p roduct   c o n s i s t i n g   of  a t  

l e a s t   one  g lyco l ,   c o m p r i s i n g  

a)  r e a c t i n g   at  l e a s t   one  a lky l   h y d r o p e r o x i d e   with  an  a l k e n e  

f eeds tock   B  c o n s i s t i n g   of  at  l e a s t   one  a lkene  to  produce  at  l e a s t  

one  a lky lene   ox i rane   and  an  a lcohol   m a t e r i a l   C  c o n t a i n i n g   s a i d  



a lcoho l   p roduc t   A, 

b)  r e a c t i n g   at  l e a s t   p a r t   of  said  at  l e a s t   one  a lky lene   o x i r a n e  

with  carbon  d iox ide   to  form  at  l e a s t   one  a lky lene   c a r b o n a t e ,  

c)  r e a c t i n g   said  at  l e a s t   one  a lky lene   ca rbona te   with  a n  

a l coho l   component  D,  c o n s i s t i n g   of  at  l e a s t   one  a lcohol   and  

which  may  con t a in   pa r t   of  sa id   a l coho l   m a t e r i a l   C,  to  form  s a i d  

d i - a l k y l   ca rbona te   p roduc t   and  sa id   g lycol   p r o d u c t ,  

d)  s e p a r a t i n g   sa id   g lycol   p roduc t   from  said  d i - a l k y l   c a r b o n a t e  

p roduc t   and,  o p t i o n a l l y  

e)  d e h y d r a t i n g   at  l e a s t   pa r t   of  sa id   a l coho l   m a t e r i a l   C  to  a n  

a lkene   component  E  and  e t h e r i f y i n g   sa id   alkene  component  E  by  r e a c t i o n  

with  an  a l coho l   component  F,  c o n s i s t i n g   of  at  l e a s t   one  a lcohol   and  

which  may  con ta in   pa r t   of  sa id   a l coho l   m a t e r i a l   C,  to  produce  s a i d  

e t h e r   p r o d u c t .  

The  above  p rocess   can  thus  upgrade  an  a lkane  f e e d s t o c k   i n t o  

an  a l coho l   p roduc t   u s e f u l   as  a  g a s o l i n e   a d d i t i v e   as  such  or  as  a  
r e a c t a n t   for   the  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 ,   and  an  a l k e n e  

f e e d s t o c k   into  a  g lycol   p roduc t   and  a lso  upgrade  sa id   a lcohol   p r o d u c t  

or  a  d i f f e r e n t   a l coho l   component  in to   a  d i - a l k y l   ca rbona te   p r o d u c t  

which  is  u s e f u l   as  a  g a s o l i n e   a d d i t i v e .  

Accord ing ly   a  f u r t h e r   aspec t   of  the  i n v e n t i o n   p r o v i d e s ,   in  a  

p roces s   wherein   an  a lkane  f e e d s t o c k   and  an  a lkene  f e e d s t o c k   a r e  

upgraded  to  form  an  a l coho l   p roduc t   and  a  g lyco l   p roduct   b y :  

i)  r e a c t i n g   sa id   a lkane  f e e d s t o c k   with  oxygen  to  form  a  

h y d r o p e r o x i d e   p r o d u c t ,  

i i )   r e a c t i n g   sa id   hyd rope rox ide   p roduc t   with  sa id   alkene  f e e d s t o c k  

to  form  an  a l ky l ene   ox i rane   p roduc t   and  sa id   a l coho l   p roduc t ,   a n d  

i i i )   c o n v e r t i n g   sa id   a lky lene   ox i rane   p r o d u c t  t o   said  g lycol   p r o d u c t ,  

the  improvement  compr i s ing   also  upgrad ing   an  a lcohol   f e e d s t o c k   into  a  

g a s o l i n e   a d d i t i v e   by  c o n v e r t i n g   said  a lky lene   oxi rane   product   to  s a i d  

g lyco l   p roduc t   by  r e a c t i n g   sa id   ox i rane   product   with  carbon  d ioxide   t o  

form  an_  a lky lene   c a r b o n a t e   p roduc t   and  r e a c t i n g   said  a lky lene   c a r b o n a t e  

p roduc t   with  said  a l coho l   f e e d s t o c k   to  form  sa id   g lycol   product   and  a  

d i - a l k y l   ca rbona te   p r o d u c t .  

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

above  ment ioned  r e a c t i o n s   are  known  and  wi l l   be  apparaen t   to  t h o s e  



s k i l l e d   in  the  a r t   and  so  d e t a i l s   t h e r e o f   are  here  u n n e c e s s a r y .  
In  a  p r e f e r r e d   embodiment,  i s o b u t a n e   is  used  as  the  a l k a n e  

f e e d s t o c k   and  the  r e s u l t i n g   hyd rope rox ide   is  r e a c t e d   with  p r o p y l e n e  

to  give  p ropy lene   oxide  and  t - b u t a n o l .   The  p ropy lene   oxide  i s  

conver ted   to  p ropy lene   ca rbona te   which  is  r e a c t e d   with  methanol   t o  

produce  p ropylene   g lycol   and  DMC.  A l t e r n a t i v e l y   e thy lene   is  used  i n  

p lace   of  p ropy lene   thus  g iv ing   e thy lene   g lycol   and  DMC.  The  t - b u t a n o l  

is  p r e f e r a b l y   used  as  such,  in  admixture   with  the  DMC,  as  a  f u e l  

a d d i t i v e ,   or  some  or  a l l   of  the  t - b u t a n o l   is  dehydra ted   to  i s o b u t e n e  

which  is  e t h e r i f i e d   with  methanol  to  give  MTBE  which  is  used  i n  

admixture   with  the  DMC  and  the  r emainder ,   i f   any,  of  the  t - b u t a n o l  

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

The  i n v e n t i o n   is  i l l u s t r a t e d   by  the  f o l l o w i n g   e x a m p l e s .  

EXAMPLE  1 

Research  Octane  numbers  (RON)  of  fue l s   were  de te rmined   by  

the  s t a n d a r d   method  (ASTM  D2699)  with  a  CFR-ASTN  s i n g l e - c y l i n d e r  

engine.   Blends  of  3  and  5%  v/v  of  DMC  in  pure  i s o - o c t a n e   were  u s e d .  

The  va lues   ob ta ined   w e r e :  

3%  v/v  DMC, blending  RON  =  1 3 0  

5%  v/v  DMC,  b l e n d i n g   RON  =  132 

EXAMPLE  2 

Example  1  was  r e p e a t e d   us ing   blends  of  3  and  5%  v/v  o f  

va r ious   d i - a l k y l   c a r b o n a t e s   in  a  g a s o l i n e   compos i t ion   c o m p r i s i n g  

80%  v/v  i s o - o c t a n e   and  20%  v/v  n-hep. tane.   Motor  Octane  Numbers  (MON) 

were  a lso   de te rmined   by  the  S tandard   Method  (ASTM  D2700).  The 

r e s u l t s   were  as  f o l l o w s :  



EXAMPLE  3 

Example  2  was  r e p e a t e d   u s ing   l eaded   premium  grade  g a s o l i n e s  

in  p lace   of  the  i s o - o c t a n e / n - h e p t a n e   m i x t u r e s .   The  g a s o l i n e s ,   w h i c h  

d i f f e r e d   for  each  d i - a l k y l   c a r b o n a t e ,   each  c o n t a i n e d   0.4  g  P b / l .  

The  r e s u l t s   were  as  f o l l o w s :  

I t   is  seen  from  Examples  2  and  3  t ha t   DMC  gives  a  much 

h ighe r   Research  Octane  No  improvement  than  o ther   d i - a l k y l   c a r b o n a t e s ,  

both  in  l eaded   and  un leaded   g a s o l i n e s .  



EXAMPLE  4 

The  e f f e c t i v e n e s s   of  d i - a l k y l   c a r b o n a t e s   for   l ower ing   t h e  

su r f ace   and  i n t e r f a c i a l   t e n s i o n   of  a  hydroca rbon   fuel   was  t e s t e d  

as  in  US-A-2331386.  

P r e c i s e l y   measured  drops  of  a  premium  grade  g a s o l i n e  

c o n t a i n i n g   3%  of  the  d i - a l k y l   c a rbona t e   were  a l lowed  to  f a l l   1.2  cm 

on  to  a  p o l i s h e d   metal  s u r f a c e .   The  d iamete r   of  the  r e s u l t a n t  

d r o p l e t   f i lm  was  measured  and  is  expressed   in  the  t ab l e   as  a  

p e r c e n t a g e   of  tha t   formed  from  the  g a s o l i n e   c o n t a i n i n g   no  d i - a l k y l  

c a r b o n a t e .  

I t   is  seen  tha t   the re   is  r e a s o n a b l e   agreement  with  t h e  

r e s u l t s   quoted  for   DEC  and  DEC  in  US-A-2331386  but  DMC  has  only  a  

l i t t l e ,   but  n e g a t i v e ,   e f f e c t   on  the  degree  of  s p r e a d i n g .  

EXAMPLE  5 

The  d i s t r i b u t i o n   of  DMC  between  g a s o l i n e   and  water   was 

de te rmined   by  shak ing   t o g e t h e r   at  ambient  t e m p e r a t u r e   equal  vo lumes  

of  water   on  a  commercial  premium  grade  g a s o l i n e   c o n t a i n i n g   0.4  g  P b / l  

to  which  va r ious   amounts  of  DMC  had  been  added.  When  e q u i l i b r i u m  

had  been  reached,   samples  of  each  phase  were  ana lysed   for  DMC.  The 

r e s u l t s   are  given  in  the  f o l l o w i n g   t a b l e .  



By  way  of  comparison  K  for   t - b u t a n o l   (at   a  l eve l   of  3%  v / v  

t - b u t a n o l   in  g a s o l i n e )   is  about  0.26  while  tha t   for  methanol  is  v e r y  
s m a l l .  

EXAMPLE  6 

The  s o l u b i l i t y   of  water   in  commercial  premium  grade  g a s o l i n e s  

c o n t a i n i n g   0.4  g  Pb / l   and  va r ious   amounts  of  d i - a l k y l   ca rbona tes   was 

de te rmined   at  -7°C  and  at  21°C.  Since  the  base  ga so l i ne   used  for  t h e  

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

s o l u b i l i t i e s   are  not  s t r i c t l y   comparable.   To  ob t a in   a  r e a l i s t i c  

comparison  the  p e r c e n t a g e   i n c r e a s e   in  s o l u b i l i t y   given  by  

i n c o r p o r a t i o n   of  the  d i - a l k y l   ca rbona te   is  quoted  in  the  f o l l owing   t a b l e .  



I t   is  c l e a r   tha t   DMC,  a l though   a p p r e c i a b l y   so lub le   in  w a t e r  

does  not  give  a  l a rge   i n c r e a s e   in  the  s o l u b i l i t y   of  water   in  g a s o l i n e ,  

whereas  DEC,  which  has  a  much  lower  s o l u b i l i t y   than  DMC  in  w a t e r ,  

gives  a  l a r g e r   i n c r e a s e   in  the  s o l u b i l i t y   of  water   in  g a s o l i n e .  



1.  A  g a s o l i n e   compos i t ion   for  spark  i g n i t i o n   i n t e r n a l  

combustion  engines  having  a  Research  Octane  Number  of  at  l e a s t   80 

compr i s ing   g a s o l i n e   hydrocarbons   and  1  to  6%  by  volume  of  s a i d  

compos i t ion   of  d i -methy l   c a r b o n a t e .  

2.  A  g a s o l i n e   compos i t ion   acco rd ing   to  claim  1  having  a  l e a d  

con ten t   of  no  more  than  0.4  g  P b / l i t r e .  

3.  A  g a s o l i n e   compos i t ion   a cco rd ing   to  claim  2  having  a  l e a d  

con ten t   of  no  more  than  0.15  g  P b / L i t r e .  

4.  A  g a s o l i n e   compos i t ion   a c c o r d i n g   to  any  one  of  claims  1  to  3 

having  a  Research  Octane  Number  of  at  l e a s t   90 .  

5.  A  g a s o l i n e   compos i t ion   a cco rd ing   to  any  one  of  claims  1  to  4  

also  c o n t a i n i n g   at  l e a s t   one  o the r   d i - a l k y l   c a rbona t e ,   the  t o t a l  

amount  of  d i - a l k y l   c a rbona te s   ( i n c l u d i n g   the  d i -methy l   c a r b o n a t e )  

being  l e s s   than  10%  by  volume  of  the  c o m p o s i t i o n .  
6.  A  g a s o l i n e   compos i t ion   a cco rd ing   to  any  one  of  claims  1  to  5 

also  c o n t a i n i n g   an  a l c o h o l ,   and /o r   an  e the r ,   c o n t a i n i n g   a  t e r t i a r y  

a lky l   r a d i c a l   having   from  4  to  8  carbon  a t oms .  

7.  A  g a s o l i n e   compos i t ion   a cco rd ing   to  claim  6  wherein  s a i d  

a l coho l   is  t - b u t a n o l .  

8.  A  g a s o l i n e   compos i t ion   a cco rd ing   to  claim  6  wherein  s a i d  

e t h e r   is  methyl  t - b u t y l   e t h e r .  

9.  A  p rocess   for  the  manufac tu re   of  i)  a  d i - a l k y l   c a r b o n a t e  

p roduc t   c o n s i s t i n g   of  at  l e a s t   one  d i - a l k y l   ca rbona te ,   i i )   an  a l c o h o l  

p roduc t   A  c o n s i s t i n g   of  at  l e a s t   one  a l coho l   and /o r   an  e the r   p r o d u c t  

c o n s i s t i n g   of  at  l e a s t   one  e t h e r ,   and  i i i )   a  g lyco l   p r o d u c t  

c o n s i s t i n g   of  at  l e a s t   one  g l y c o l ,   c o m p r i s i n g  

a)  r e a c t i n g   at  l e a s t   one  a lky l   hyd rope rox ide   with  an  a l k e n e  

f e e d s t o c k   B  c o n s i s t i n g   of  at  l e a s t   one  alkene  to  produce  at  l e a s t  

one  a l ky l ene   ox i rane   and  an  a l coho l   m a t e r i a l   C  c o n t a i n i n g   s a i d  

a l coho l   p roduc t   A, 

b)  r e a c t i n g   at  l e a s t   pa r t   of  said  at  l e a s t   one  a lky lene   o x i r a n e  

with  carbon  d ioxide   to  form  at  l e a s t   one  a lky lene   c a r b o n a t e ,  

c)  r e a c t i n g   sa id   at  l e a s t   one  a l ky l ene   ca rbona te   with  a n  

a l coho l   component  D,  c o n s i s t i n g   of  at  l e a s t   one  a lcohol   and  

which  may  con ta in   pa r t   of  sa id   a lcohol   m a t e r i a l   C,  to  form  s a i d  



d i - a l k y l   ca rbona te   p roduc t   and  sa id   g lycol   p r o d u c t ,  

d)  d e h y d r a t i n g   at  l e a s t   pa r t   of  said  a l coho l   m a t e r i a l   C  to  a n  
alkene  component  E  and  e t h e r i f y i n g   sa id   a lkene  component  E  by  

r e a c t i o n   with  an  a l coho l   component  F,  c o n s i s t i n g   of  at  l e a s t   one 

a lcohol   and  which  may  con ta in   pa r t   of  said  a l coho l   m a t e r i a l   C,  t o  

produce  sa id   e the r   p r o d u c t .  
10.  A  p rocess   wherein  an  a lkane  f e e d s t o c k   and  an  a l k e n e  

f e e d s t o c k   are  upgraded  to  form  an  a l coho l   p roduct   and  a  g l y c o l  

product   by  

i)  r e a c t i n g   sa id   a lkane  f e e d s t o c k   with  oxygen  to  fo rm 

a  hyd rope rox ide   p r o d u c t ,  

i i )   r e a c t i n g   said  h y d r o p e r o x i d e   p roduc t   with  sa id   a l k e n e  

f e e d s t o c k   to  form  an  a l k y l e n e   ox i rane   product   and  said  a l c o h o l  

p roduc t ,   and  

i i i )   c o n v e r t i n g   said  a l k y l e n e   ox i rane   p roduc t   to  said  g l y c o l  

p r o d u c t ,  

i n c l u d i n g   the  improvement  compr i s ing   also  upg rad ing   an  a l c o h o l  

f e e d s t o c k   in to   a  g a s o l i n e   a d d i t i v e   by  c o n v e r t i n g   sa id   a l k y l e n e  

oxi rane   p roduc t   to  sa id   g lyco l   p roduc t   by  r e a c t i n g   said  o x i r a n e  

produc t   with  carbon  d iox ide   to  form  an  a l ky l ene   ca rbona te   p r o d u c t  

and  r e a c t i n g   sa id   a l ky l ene   ca rbona te   p roduc t   with  sa id   a l c o h o l  

f e e d s t o c k   to  form  sa id   g lycol   p roduc t   and  a  d i - a l k y l   ca rbona te   p r o d u c t .  
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