
European  Patent  Office 

Office  europeen  des  brevets 

©  Publication  number: 0  0 8 2   6 8 9  

A 2  

©  EUROPEAN  PATENT  APPLICATION 

©  Application  number:  82306744.2  ©  Int.  CI.3:  C  10  L  1 /02  

©  Date  of  filing:  17.12.82 

©Priority:  22.12.81  GB  8138608  ©Applicant:  The  British  Petroleum  Company  p.l.c. 
Britannic  House  Moor  Lane 
London  EC2Y9BUIGB) 

©  Date  of  publication  of  application: 
29.06.83  Bulletin  83/26  @  Inventor:  Barlow,  Michael  Thomas 

British  Petroleum  Company  p.l.c.  Chertsey  Road 
©  Designated  Contracting  States:  Sunbury-on-Thames  Middlesex,  TW16  7LN(GB) 

AT  BE  CH  DE  FR  GB  LI  NL  SE 
©  Inventor:  Smith,  David  John  Harry 

British  Petroleum  Company  p.l.c.  Chertsey  Road 
Sunbury-on-Thames  Middlesex,  TW16  7LN(GB) 

©  Inventor:  Stewart,  David  Gordon 
British  Petroleum  Company  p.l.c.  Chertsey  Road 
Sunbury-on-Thames  Middlesex,  TW16  7LN(GB) 

©  Representative:  Eastman,  Hugh  Leonard  et  al, 
BP  INTERNATIONAL  LIMITED  Patents  and  Licensing 
Division  Chertsey  Road 
Sunbury-on-Thames  Middlesex  TW16  7LN(GB) 

©  Fuel  composition. 
©  A  fuel  composition  suitable  for  use  in  spark  ignition 
internal  combustion  engines  comprises  a  high  octane  gaso- 
line  and  an  alkyl  furan  having  a  boiling  point  of  not  more 
than  150°C.  Suitable  alkyl  furans  are  2  methyl  furan  and  2,5 
dimethyl  furan.  The  gasoline  may  be  leaded  or  unleaded. 
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 A   fuel  composition  suitable  for  use  in  spark  ignition 
internal  combustion  engines  comprises  a  high  octane  gaso- 
line  and  an  alkyl  furan  having  a  boiling  point  of  not  more 
than  150°C.  Suitable  alkyl  furans  are  2  methyl  furan  and  2,5 
dimethyl  furan.  The  gasoline  may  be  leaded  or  unleaded. 



This  i n v e n t i o n   r e l a t e s   to  a  fuel   compos i t i on   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   combust ion  e n g i n e s .  

C e r t a i n   oxygenated   o rgan ic   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  fue l s   for  i n t e r n a l   combust ion   engines   for  many 

y e a r s .   I n t e r e s t   in  such  components  as  fue l s   d e c l i n e d   when  crude  o i l  

became  cheap  and  p l e n t i f u l ,   but  has  rev ived   in  r e c e n t   yea r s .   The  mos t  

commonly  proposed  compounds  are  a l coho l s   e .g.   m e t h a n o l ,   e thano l   o r  

t e r t i a r y   buty l   a l c o h o l   and  e t h e r s   e .g.   methyl  t e r t i a r y   bu ty l   e t h e r .  

Oxygenated  o rgan ic   compounds  can  be  used  as  f u e l s   per  se,  b u t  

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

hyd roca rbon   f u e l s ,   thereby  avo id ing   the  need  for  any  m a j o 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  

c o n v e n t i o n a l   fue l s   the  oxygenated  organic   compounds  should  have  a  

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

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 lend ing   oc tane   va lue ,   both  i n  

r e s p e c t   of  the  Research   Octane  Number  (RON)  and  the  Motor  Oc t ane  

Number  (MON).  I t   is  d e s i r a b l e   that   the  oxygenated  compounds  u s e d  

should  have  b lend ing   octane  va lues   that   enhance  r a t h e r   than  d e p r e s s  

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

It  has  been  sugges ted   tha t   d i m e t h y l f u r a n   may  be  u s e f u l   as  an  

oc tane   improver  for  low  octane  g a s o l i n e s .   For  example,   a - p a p e r  

e n t i t l e d   "The  Blending  Octane  Numbers  of  2 , 5 - d i m e t h y l f u r a n "   by 

Hugh  B.  N i sbe t ,   pub l i shed   in  the  Jou rna l   of  the  I n s t i t u t e   of  

P e t r o l e u m ,   Vol  32,  pp  162-166  (1946),   d i s c l o s e s   e x p e r i m e n t a l   r e s u l t s  

which  show  that   d i m e t h y l f u r a n   has  a  high  b lend ing   octane  value  when 



added  to  g a s o l i n e s   having  an  oc tane   number  of  57  or  69.5.   However ,  

the  a u t h o r   s t a t e s   tha t   when  b lended  with  a  fue l   of  i n i t i a l   high  o c t a n e  

number,  e . g .   i s o o c t a n e ,   d i m e t h y l f u r a n   p o s s e s s e s   no  advantage   as  a  

b l e n d i n g   agent   and  a c t u a l l y   g ives   a  lower  oc tane   number  than  t h e  

b a s e s t o c k .  

C o n t r a r y   to  the  t e a c h i n g   of  th i s   paper ,   the  a p p l i c a n t s   have  found  

t h a t   a l k y l   f u rans   having  a  b o i l i n g   po in t   of  not  more  than  150°C  may  be  

used  as  an  oc tane   improver   in  high  octane  g a s o l i n e s .  

Thus,  a c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n   a  fue l   c o m p o s i t i o n  

s u i t a b l e   for  use  in  i n t e r n a l   combust ion  eng ines   comprises   g a s o l i n e  

h a v i n g   a  R e s e a r c h   Octane  Number  h igher   than   85  and  a  Motar  O c t a n e  

Number  h i g h e r   than  75  and  an  a l ky l   fu ran   having  a  b o i l i n g   po in t   of  n o t  

more  than  15@°C. 

The  a l k y l   fu rans   may  be  mono-or  p o l y - a l k y l a t e d   and  for  t h e  

compounds  to  have  a  b o i l i n g   po in t   of  not  more  than  150°C  the  a l k y l  

group  or  groups  may  be  methyl ,   e t hy l   and /o r   i s o p r o p y l .   P r e f e r a b l y   t h e  

compounds  b o i l   below  100°C.  P r e f e r r e d   fu rans   are  methyl  f u r a n s ,  

p a r t i c u l a r l y   2 -methyl   f u r an ,   which  bo i l s   at  63°C  or  2,5  d i m e t h y l f u r a n  

which  b o i l s   at  9 3 - 9 4 ° C .  

Alkyl   furans   can  be  o b t a i n e d   from  v a r i o u s   v e g e t a b l e   sources   e . g .  
wood  t a r s   and  s u g a r s .   In  p a r t i c u l a r ,   2 -methyl   fu ran   can  be  p r o d u c e d  

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

o b t a i n e d   from  v e g e t a b l e   was te .   2,5  d i m e t h y l f u r a n   may  be  p repared   by 

p a s s i n g   m e s i t y l   oxide  over  a  t r a n s i t i o n   metal   oxide  c a t a l y s t   in  a i r   a t  

300-500°C  or  by  t r e a t i n g   2 , 5 - h e x a d i o n e   with  a c i d .  

The  p r o p o r t i o n   of  a lky l   fu ran   may  be  from  0.1  to  50X,  p r e f e r a b l y  

from  5  to  25%,  of  the  f ue l   c o m p o s i t i o n .  

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

f u r a n ,   a  RON  of  from  85  to  105,  more  p r e f e r a b l y   from  85  to  98  and  a  

MON  of  from  75  to  95,  more  p r e f e r a b l y   78  to  88.  The  high  o c t a n e  

g a s o l i n e s   used  in  the  p r e s e n t   i n v e n t i o n   may  comprise   the  f o l l o w i n g  

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



The  g a s o l i n e   may  c o n t a i n   a  lead  a lky l   a n t i - k n o c k   agent  in  a n  

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

fuel   components  may  also  be  i nc luded   in  the  c o m p o s i t i o n s   e .g.   a  

s cavenge r ,   o the r   oxygenated   compounds  and  a n t i - i c i n g   or  o ther   known 

a d d i t i v e s .  

The  a lky l   fu rans   have  been  t e s t e d   in  a  range  of  g a s o l i n e s   b o t h  

a romat ic   and  o l e f i n i c   and  both  leaded  and  un l eaded .   Blending  o c t a n e  

va lues   for  the  a lky l   furans   have  been  found  to  range  from  120  t o  

132  RON  and  99  to  105  MON  g iv ing  i n c r e a s e s   in  RON  and  MON  of  up  to  4 

numbers  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  vo lume .  

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   example :  

Example  1 

2-methyl   furan   was  admixed  with  two  g a s o l i n e s ,   one  an  a r o m a t i c  

b a s e s t o c k   and  the  o ther   an  o l e f i n i c   b a s e s t o c k .   The  a romat i c   b a s e s t o c k  

comprised  47.3%  by  volume  a roma t i c s   and  52.7%  by  volume  s a t u r a t e s .  

The  o l e f i n i c   b a s e s t o c k   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  M o t o r  

Octane  Numbers  of  the  g a s o l i n e s   and  the  b lends   c o n t a i n i n g   2 - m e t h y l  

furan  were  de t e rmined   in  a  CFR  engine .   The  Blending  Octane  V a l u e s  

(B.O.V.)   were  a lso  c a l c u l a t e d   from  the  measured  RONs  and  MONs  of  t h e  

g a s o l i n e s   and  the  2-methyl   f u r a n / g a s o l i n e   b l e n d s ,   using  the  f o r m u l a ,  

BOV = Blend  Octane  N o .  -   (Base s tock   Octane  No  x  g a s o l i n e   vol  f r a c t i o n )  

a lky l   furan  volume  f r a c t i o n  

where  volume  f r a c t i o n  =   %  volume  of  component  in  the  b l e n d  
100 

The  2-methyl   furan  was  a  commercial  m a t e r i a l   supp l i ed   by  t h e  

Ald r i ch   Chemical  Company.  It  had  a  b o i l i n g   point   of  63°C.  

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

g a s o l i n e / 2 - m e t h y l   furan  blend  are  shown  in  Table  1.  It   w i l l   be  s e e n  

tha t   the  a d d i t i o n   of  the  2-methyl   furan  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 s e s s e d  

accord ing   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  f ue l ,   which  may  c o n s i s t   of  a  blend  of  hydroca rbons   with  a 

water   s o l u b l e   c o n s t i t u e n t   such  as  a l c o h o l ,   w i thou t   caus ing   s e p a r a t i o n  

in to   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  c o m p r i s e s  

coo l ing   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   in to   two  l a y e r s   occur s .   the  sample  i s ,   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 e m p e r a t u r e   at  w h i c h  

the  f i r s t   s igns  of  c l o u d i n e s s   occurs   is  r e c o r d e d .   The  t e s t   i s  

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

s p e c i f i e d   t e m p e r a t u r e s   o b t a i n e d   from  a  graph  of  volume  of  w a t e r  

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

alky  f u r a n / 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   and  the  c a l c u l a t e d   Blending   Octane  Values  a r e  
shown  in  Table  2  b e l o w :  

Table  2  shows  tha t   the  i n c l u s i o n   of  10%  v o l .   of  2-  methyl  furan  g i v e s  

a  s i g n i f i c a n t   i n c r e a s e   in  both  the  RON  and  the  MON.  This  is  b e c a u s e  

of  the  i n t r i n s i c a l l y   high  RON  and  MON  of  the  2  -   methyl  furan  i t s e l f .  

Example  2 

10%  by  volume  of  2 ,5 ,   d i m e t h y l f u r a n   was  admixed  with  a  g a s o l i n e  

from  an  a romat ic   b a s e s t o c k   compr i s 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 m e t h y l f u r a n   was  a  commercial   p r o d u c t  

supp l i ed   by  the  A l d r i c h   Chemical  Company.  It  had  a  b o i l i n g   poin t   i n  

the  range  9 3 - 9 4 ° C .  

I n s p e c i 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 / 2 , 5 ,   d i m e t h y l -  

furan   blend  are  shown  in  Table  3.  It  w i l l   be  s e e n ' t h a t   the  a d d i t i o n  

of  the  d i m e t h y l f u r a n   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  Blending  Octane  Values  for  the  d i m e t h y l f u r a n   were  c a l c u l a t e d  

from  the  Research   and  Motor  Octane  Numbers  de te rmined   in  a  CFR 

engine .   The  CFR  engine  r e s u l t s   and  the  c a l c u l a t e d   Blending  O c t a n e  

Values  are  given  in  Table  4 .  





Example  3 

10%  by  volume  of  2 -methy l   furan   was  admixed  with  an  a r o m a t i c  

b a s e s t o c k   g a s o l i n e   c o n t a i n i n g   0.15g  Pb/1  as  t e t r a   e thy l   lead.   The 

2 - m e t h y l f u r a n   was  the  same  as  used  in  Example  1.  The  g a s o l i n e  

comprised  41.8%  by  volume  a r o m a t i c s   and  58.2%  by  volume  s a t u r a t e s .  

The  RON  and  MON  of  the  leaded  g a s o l i n e   and  the  blend  w e r e  

de te rmined   in  a  CFR  engine   and  the  Blending  Octane  Values  c a l c u l a t e d  

from  the  measured  Research   and  Motor  Octane  Numbers.  The  r e s u l t s  

given  in  Table  5  show  t h a t   the  a lky l   furan  is  a lso   u se fu l   in  l e a d e d  

g a s o l i n e .  



1.  A  fue l   compos i t i on   s u i t a b l e   for  use  in  i n t e r n a l   c o m b u s t i o n  

eng ines   compr i s ing   a  g a s o l i n e   having  a  Research   Octane  Number  h i g h e r  

than  85  and  a  Motor  Octane  Number  h igher   than  75  and  an  a lky l   f u r a n  

having  a  b o i l i n g   po in t   of  not  more  than  150°C.  

2.  A  fue l   c o m p o s i t i o n   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 lky l   fu ran   has  a  b o i l i n g   point   of  less   than  100°C. 

3.  A  fue l   c o m p o s i t i o n   as  claimed  in  e i t h e r   of  claims  1  or  2 

c h a r a c t e r i s e d   in  tha t   the  a l ky l   furan  has  one  or  more  a lky l   g r o u p s  

s e l e c t e d   from  the  group  compr i s ing   methyl ,   e thy l   and  i s o p r o p y l   g r o u p s .  
4.  A  fue l   compos i t i on   as  c laimed  in  claim  3  c h a r a c t e r i s e d   in  t h a t  

the  a lky l   furan  is  2,5  d ime thy l   f u r a n .  

5.  A  fuel   c o m p o s i t i o n   as  claimed  in  claims  3  c h a r a c t e r i s e d   in  t h a t  

the  a lky l   furan  is  2  methyl   f u r a n .  

6.  A  fuel   compos i t i on   as  c la imed  in  any  of  claims  1  to  5 

c h a r a c t e r i s e d   in  tha t   the  c o m p o s i t i o n   comprises   0.1  to  50%  by  volume 

of  a lky l   f u r a n .  

7.  A  fuel   c o m p o s i t i o n   as  c la imed  in  claim  6  c h a r a c t e r i s e d   in  t h a t  

the  c o m p o s i t i o n   compr ises   5  to  25%  by  volume  of  a lky l   f u r a n .  
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