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@  Fuel  composition. 
A  fuel  composition  suitable  for  use  in  spark  ignition 

engines,  comprises  a  hydrocarbon  fuel  and  a  dialkyl  carbon- 
ate  having  a  boiling  point  of  not  more  than  150°C.  Preferred 
dialkyl  carbonates  are  dimethyl  carbonate  and  diethyl  car- 
bonate.  The  hydrocarbon  fuel  may  be  a  leaded  or  unleaded 
gasoline. 



This  i n v e n t i o n   r e l a t e s   to  a  fuel   composi t ion   s u i t a b l e   for  use  i n  

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 .  

Ce r t a in   oxygenated  organic   compounds  have  been  known  to  be  

p o t e n t i a l l y   s u i t a b l e   as  fuels   for  i n t e r n a l   combustion  engines  for  many 

years .   I n t e r e s t   in  such  components  as  fuels   dec l ined   when  crude  o i l  

became  cheap  and  p l e n t i f u l ,   but  has  revived  in  recent   years .   The  most  

commonly  proposed  compounds  are  a l coho l s   e .g.   methanol ,   e thanol   o r  

t e r t i a r y   butyl   a l c o h o l  a n d   e thers   e .g.   methyl  t e r t i a r y   butyl   e t h e r .  

Oxygenated  organic   compounds  can  be  used  as  fuels   per  se,  b u t  

normally  they  are  proposed  for  use  in  admixture  with  c o n v e n t i o n a l  

hydrocarbon  f u e l s ,   thereby  avoiding  the  need  for  any  ma jo r  
m o d i f i c a t i o n   of  engines  using  the  f ue l s .   For  use  in  admixture   w i t h  

conven t iona l   fue ls   the  oxygenated  organic   compounds  should  have  a 

number  of  p a r t i c u l a r   phys ica l   and  chemical  c h a r a c t e r i s t i c s   such  as  

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

s o l u b i l i t y .   One  of  the  most  impor tan t   c h a r a c t e r i s t i c s   for  s p a r k  

i g n i t i o n   engine  f u e l s ,   however,  is  the  b lending  octane  value,   both  i n  

r espec t   of  the  Research  Octane  Number  (RON)  and  the  Motor  Oc tane  

Number  (MON).  It  is  d e s i r a b l e   that   the  oxygenated  compounds  used  

should  have  b lending  octane  values  that   enhance  r a the r   than  d e p r e s s  

the  Octane  Numbers  of  the  neat  hydrocarbon  f u e l .  

According  to  the  present   i n v e n t i o n  a   fuel  composi t ion   s u i t a b l e  

for  use  in  i n t e r n a l   combustion  engines  comprises  a  gaso l ine   and  a 

d i a lky l   carbonate   having  a  bo i l ing   point  of  not  more  than  150°C. 



The  a lky l   groups  may  be  the  same  or  d i f f e r e n t   and,  to  keep  t h e  

b o i l i n g   point   at  not  more  than  150°C,  the  a lkyl   groups  may  be  m e t h y l ,  

e thy l   or  i s o p r o p y l .   P r e f e r a b l y   the  d i a l k y l   carbonate   bo i l s   be low 

130°C.  P r e f e r r e d   compounds  are  d imethyl   ca rbona te   which  bo i l s   a t  

91°C  and  d i e t h y l   ca rbona te   which  bo i l s   at  126°C. 

The  p r o p o r t i o n   of  d i a l k y l   ca rbona te   may  be  from  0.1  to  50%  by 

volume,  p r e f e r a b l y   from  5  to  25X  by  volume  of  the  fuel   c o m p o s i t i o n .  

D i a l k y l   ca rbona tes   may  be  produced  by  any  of  the  known  me thods ,  

such  as  for  example  by  r e a c t i n g   an  a lkano l   with  carbon  monoxide  in  t h e  

p resence   of  a  c a t a l y s t ,   e.g.  pa l l ad ium  or  plat inum  s a l t s   or  a  c o p p e r  

complex  c a t a l y s t .   It   may  thus  be  produced  from  r e l a t i v e l y   cheap  and 

abundant   r e a c t a n t s .  

P r e f e r a b l y   the  g a s o l i n e   has,  before   the  a d d i t i o n   of  the  d i a l k y l  

c a r b o n a t e ,   a  RON  of  from  85  to  105,  more  p r e f e r a b l y   from  90  to  98  and 

a  MON  of  from  75  to  95,  more  p r e f e r a b l y   from  80  t o  8 8 .  

The  g a s o l i n e   may  con ta in   the  fo l lowing  p r o p o r t i o n s   of  o l e f i n s ,  

a roma t i c s   and  s a t u r a t e s ;  

The  fuel   may  con ta in   a  lead  a lkyl   an t i -knock   agent  in  an  amount 

up  to  0.45g  Pb/1,  more  p r e f e r a b l y   up  to  0.15g  Pb/1.  Other  known  f u e l  

components  may  be  inc luded  in  the  composi t ions   e.g.  a  s cavenger ,   o t h e r  

oxygenated  compounds  and  a n t i - i c i n g   or  other  known  a d d i t i v e s .  

The  d i a l k y l   c a rbona te s   have  been  t e s t ed   in  a  range  of  g a s o l i n e s ,  

both  a romat ic   and  o l e f i n i c   and  both  leaded  and  unleaded.   B l e n d i n g  

octane  va lues   for  the  d i a l k y l   ca rbona tes   have  been  found  to  range  f rom 

106  to  112  RON  and  96  to  106  MON,  when  added  to  g a s o l i n e   at  a  

c o n c e n t r a t i o n   of  10%  by  volume.  

The  i n v e n t i o n   is  i l l u s t r a t e d   by  the  fo l lowing  examples :  

Example  1 

Dimethyl  carbonate   was  admixed  with  two  g a s o l i n e s ,   one  an  

a romat ic   bases tock   and  the  other   an  o l e f i n i c   b a s e s t o c k .   The  a r o m a t i c  

b a s e s t o c k   comprised  47.3%  by  volume  aromat ics   and  52.7%  by  volume 

s a t u r a t e s .   The  o l e f i n i c   bases tock   comprised  31.0%  by  volume 



a r o m a t i c s ,   53.8%  by  volume  s a t u r a t e s   and  15.2%  by  volume  o l e f i n s .   The 

Research  and  Motor  Octane  Numbers  of  the  g a s o l i n e s   and  the  b l e n d s  

c o n t a i n i n g   dimethyl   c a rbona te   were  determined  in  a  CFR  engine.   The 

Blending  Octane  Values  (B.O.V.)   were  also  c a l c u l a t e d   from  the  measured 

RONs  and  MONs  of  the  g a s o l i n e s   and  the  dimethyl  c a r b o n a t e / g a s o l i n e  

b lends ,   using  the  f o r m u l a ;  

w h e r e ,  

The  dimethyl   ca rbona te   was  a  commercial  m a t e r i a l   suppl ied   by  t h e  

A ld r i ch   Chemical  Company.  It  had  a  bo i l ing   point   of  91°C.  

I n s p e c t i o n   data  on  the  a romat ic   gaso l ine   and  the  c o r r e s p o n d i n g  

g a s o l i n e / d i m e t h y l   ca rbona te   blend  are  shown  in  Table  1.  It  wi l l   be 

seen  that   the  a d d i t i o n   of  the  dimethyl   carbonate   did  not  s i g n i f i c a n t l y  

a f f e c t   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 .   The  water  t o l e r a n c e   was 

a s sessed   according  to  the  t e s t   method  IP  98/44  T e n t a t i v e .  

The  method  measures  the  amount  of  water  which  can  be  added  to  a 

motor  fue l ,   which  may  c o n s i s t   of  a  blend  of  hydrocarbons   with  a  w a t e r -  

so lub le   c o n s t i t u e n t   such  as  a l c o h o l ,   without  causing  s e p a r a t i o n   i n t o  

two  phases,   at  a  s p e c i f i e d   t e m p e r a t u r e .   The  method  comprises  c o o l i n g  

a  sample  of  the  blend  to  about  4°C  and  adding  water  u n t i l   s e p a r a t i o n  

into  two  l ayers   occurs .   The  sample  is ,   then  warmed  u n t i l   m i s c i b i l i t y  

occurs  and  then  cooled  s lowly.   The  t empera ture   at  which  the  f i r s t  

s igns  of  c loud iness   occurs  is  r ecorded .   The  tes t   is  r epea ted   w i t h  

d i f f e r e n t   volumes  of  water  and  the  water  t o l e r a n c e   at  s p e c i f i e d  

t e m p e r a t u r e s   obtained  from  a  graph  of  volume  of  water  a g a i n s t  

t empera tu re   of  i m m i s c i b i l i t y .  

The  r e s u l t s   given  in  Table  1  show  that  the  water  t o l e r a n c e   of  t h e  

dimethyl   c a r b o n a t e / g a s o l i n e   blend  was  s a t i s f a c t o r y .  





The  CFR  engine  r e s u l t s   on  both  g a s o l i n e s   are  shown  in  Table  2  be low:  

Table  2  shows  that  the  i n c l u s i o n   of  10%  vol  of  dimethyl   c a r b o n a t e  

gives  a  s i g n i f i c a n t   i nc r ea se   in  both  the  RON  and  the  MON.  This  i s  

because  of  i n t r i n s i c a l l y   high  RON  and  MON  of  the  d imethyl   c a r b o n a t e  

i t s e l f .  

Example  2 

10%  by  volume  d i e t h y l   ca rbona te   was  admixed  with  a  ga so l ine   f rom 

an  a romat ic   b a s e - s t o c k   compris ing  40.2%  by  volume  a romat i c s   and  59.8% 

by  volume  s a t u r a t e s .   The  d i e t h y l   carbonate   was  a  commercial  p r o d u c t  

suppl ied   by  Aldr ich   Chemical  Company.  The  bo i l i ng   point   of  t h e  

d i e t h y l   ca rbona te   was  125°C. 

I n s p e c t i o n   data  on  the  g a s o l i n e   and  the  g a s o l i n e / d i e t h y l  

ca rbona te   blend  are  shown  in  Table  3.  It  wi l l   be  seen  that   t h e  

a d d i t i o n   of  the  d i e thy l   ca rbona te   did  not  s i g n i f i c a n t l y   a f f e c t   t he  

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 .  

The  water  t o l e r ance   at  20°C,  determined  as  de sc r ibed   i n  

Example  1,  was  0.03%  volume  which  is  s a t i s f a c t o r y .  



A  t e s t   was  c a r r i e d   out  to  s imula te   adverse  tank  s t o r a g e  

c o n d i t i o n s .   5  cm3  of  mains  tap  water  were  added  to  100  cm3  of  t h e  

g a s o l i n e / d i e t h y l   c a rbona te   blend  and  the  mixture  was  a g i t a t e d   f o r  

about  30  seconds.   The  mixture   was  allowed  to  s tand  for  one  week  and  a  

sample  of  the  bottom  l a y e r ,   i . e .   the  water  phase,   was  sub j ec t ed   to  IR 

a n a l y s i s   to  de termine   the  amount  of  d i e t h y l   c a rbona te   in  th is   l a y e r .  

The  water  phase  con ta ined   less   than  1%  by  volume  of  d i e t h y l   c a r b o n a t e .  

The  Blending  Octane  Values  for  the  d i e t h y l   c a rbona t e   were  

c a l c u l a t e d   from  the  Research   and  Motor  Octane  Numbers  determined  in  a  
CFR  eng ine .   The  CFR  engine  r e s u l t s   are  given  in  Table  4 .  



Example  3 

10X  by  volume  of  dimethyl   ca rbona te   was  admixed  with  a  g a s o l i n e  

c o n t a i n i n g   0.15g  Pb/l   as  Tet ra   e thyl   lead.   The  dimethyl   carbonate   was 
the  same  as  used  in  Example  1. 

The  RON  and  MON  of  the  g a s o l i n e   and  the  blend  were  determined  i n  

a  CFR  engine  and  the  Blending  Octane  Values  c a l c u l a t e d   from  t h e  

measured  RONs  and  MONs.  The  r e s u l t s   given  in  Table  5  show  that   t h e  

d i a l k y l   carbonate   is  also  u se fu l   in  leaded  g a s o l i n e .  



1.  A  fuel   compos i t ion   s u i t a b l e   for  use  in  i n t e r n a l   combus t i on  

engines   compr i s ing   a  ga so l i ne   and  a  d i a l k y l   c a rbona te   having  a  b o i l i n g  

point   of  not  more  than  150°C. 

2.  A  fuel   compos i t ion   as  claimed  in  claim  1  c h a r a c t e r i s e d   in  t h a t  

the  a lkyl   groups  are  methyl,   e thyl   or  i s o p r o p y l   g r o u p s .  
3.  A  fuel   compos i t i on   as  claimed  in  claim  1  or  claim  2  c h a r a c t e r i s e d  

in  that   the  a l ky l   groups  are  the  same. 

4.  A  fuel   compos i t ion   as  claimed  in  any  of  claims  1  to  3 

c h a r a c t e r i s e d   in  that   the  compos i t ion   comprises   0.1  to  50%  by  volume  o f  

d i a l k y l   c a r b o n a t e .  

5.  A  fuel   compos i t ion   as  claimed  in  claim  4  c h a r a c t e r i s e d   in  t h a t  

the  compos i t ion   comprises  5  to  25%  by  volume  of  d i a l k y l   c a r b o n a t e .  
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