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 T h e   invention  concerns  a  composition  of  matter  com- 
prising  a  mixture  of  (A)  at  least  one  alcohol  with  an  average 
molecular  weight  of  less  than  160  and  (B)  at  least  one  organic 
compound  of  formula 

wherein  x  =  an  integer  greater  than  3,  and  wherein  the 
molecular  weight  (or  average  molecular  weight)  of  the 
compound(s)  is  between  260  and  480.  The  composition  may 
be  used  as  a  fuel  for  compression  ignition  engines. 



This  i n v e n t i o n   r e l a t e s   to  a  compos i t ion   of  m a t t e r ,   and  i t s  

use,  and  is  an  improvement  in  or  m o d i f i c a t i o n   of  the  i n v e n t i o n  

desc r ibed   and  claimed  in  our  co-pending   a p p l i c a t i o n ,   publ i shed   a s  

European  Pa ten t   A p p l i c a t i o n   No.  30429,  h e r e i n a f t e r   r e f e r r e d   to  as  t h e  

paren t   a p p l i c a t i o n .  

The  lower  a l c o h o l s ,   p a r t i c u l a r l y   methanol  and  e thano l ,   a r e  

d e s i r a b l e   a l t e r n a t i v e   fue l s   for  i n t e r n a l   combustion  eng ines .   They 

are,   however,  u n s u i t a b l e   (or  less   s u i t a b l e   than  hydrocarbon   d i e s e l  

f u e l s )   for  use  alone  in  c o m p r e s s i o n - i g n i t i o n   ( d i e s e l )   eng ines .   T h i s  

is  p r i m a r i l y   due  to  t h e i r   poor  c o m p r e s s i o n - i g n i t i o n   c h a r a c t e r i s t i c s ,  

as  is  evidenced  by  t h e i r   low  cetane  numbers  ( h e r e i n a f t e r   r e f e r r e d  

to  as  "C .N." ) .   Methanol  has  C.N.  =  3,  and  methanol  C.N.  =  15,  whe reas  

the  minimum  C.N.  for  hydrocarbon   d i e s e l   fuel   is  about  40.  Th i s  

problem  can  be  overcome  by  using  a d d i t i v e s   ( i g n i t i o n   improvers)   which  

improve  the  c o m p r e s s i o n - i g n i t i o n   c h a r a c t e r i s t i c s   of  such  f ue l s ,   so  

tha t   they  are  then  s u i t a b l e   for  use  in  commercial  c o m p r e s s i o n - i g n i t i o n  

e n g i n e s .  

Alcohols   u p - r a t e d   in  th i s   way  can  be  used  as  fue l s   i n  

commercial  c o m p r e s s i o n - i g n i t i o n   engines  wi thout   the  need  f o r  

a d d i t i o n a l   energy  inputs   and/or   aids  such  as  heated   a i r   a s p i r a t i o n ,  

t u r b o - c h a r g i n g ,   s p a r k - i g n i t i o n ,   abnormal ly   high  compress ion   r a t i o s  

or  other   a d d i t i o n a l   energy  sources   and  the   l i k e ,   a l t hough   such 

a d d i t i o n a l   energy  sources   and/or   aids  may  be  used,   if  d e s i r e d .  

The  use  of  i g i n i t i o n   improvers  to  upgrade  c o n v e n t i o n a l  

hydrocarbon  d i e s e l   fue l s   is  well  e s t a b l i s h e d   (Marks'  Standard  Handbook 

for  Mechanical   E n g i n e e r s ,   8th  E d i t i o n ,   ed  Baumeis ter   et  a l ,   McGraw- 

H i l l ,   page  7-19) .   However,  a l though  a  wide  range  of  m a t e r i a l s   have  

been  used  as  i g n i t i o n   improvers   for  hydrocarbon  d i e s e l   f u e l s ,   t h e  

m a j o r i t y   of  these  are  i n e f f e c t i v e   as  i g n i t i o n   improvers   for  a l c o h o l -  

based  f u e l s .   On  the  o ther   hand,  German  Patent   No.  2 ,701 ,588   d i s c l o s e d  

the  use  of  a lky l   m o n o n i t r a t e s   and  n i t r i t e s   p a r t i c u l a r l y   e thyl   n i t r a t e  

and  e thyl   n i t r i t e   as  i g n i t i o n   improvers  for  a l c o h o l - b a s e d   f u e l s .  

The  App l i can t   b e l i e v e s   that   a l though  such  m a t e r i a l s   are  v e r y  

e f f e c t i v e   in  hydrocarbon  d i e s e l   f u e l s ,   l a rge   q u a n t i t i e s   are  r e q u i r e d  

to  improve  the  c o m p r e s s i o n - i g n i t i o n   c h a r a c t e r i s t i c s   of  a lcohol   f u e l s  



s u f f i c i e n t l y   for  these   to  be  used  as  p r a c t i c a l   fue ls   for  c o m p r e s s i o n -  

i g n i t i o n   e n g i n e s .   For  example,  an  a d d i t i o n   of  more  than  25%  by  volume 

of  e thy l   n i t r a t e   to  methanol   or  e t h a n o l   is  r equ i r ed   to  produce  a  

s a t i s f a c t o r y   c o m p r e s s i o n - i g n i t i o n   f u e l .   Other  a lky l   n i t r a t e s   a r e  

e f f e c t i v e   i g n i t i o n   improvers   for  the  lower  a l coho l s   at  a d d i t i o n   l e v e l s  

of  between  10%  and  25%  by  vo lume .  

The  A p p l i c a n t s   have  i n v e n t e d   a  fuel   compris ing  at  l e a s t   one 

a l coho l   and  at  l e a s t   one  n i t r a t e .   Thus  the  parent   pa ten t   a p p l i c a t i o n  

claims  a  fue l   compr i s ing   a  mix tu re   of  (A)  at  l e a s t   one  a l coho l   w i t h  

an  average   m o l e c u l a r   weight   of  l ess   than  160,  and  (B)  at  l e a s t   one 

f u r t h e r   o rgan ic   compound  which  has  a  spontaneous   i g n i t i o n   t e m p e r a t u r e  

of  less   than  450°C,  said  f u r t h e r   o rgan ic   compound  being  a  compound 

which  c o n t a i n s   one  n i t r a t e   group  and  at  l e a s t   two  e the r   l i nkages   or  a t  

l e a s t   two  n i t r a t e   groups  and  one  or  more  e the r   l i n k a g e s .  

The  pa ren t   p a t e n t   a p p l i c a t i o n   also  claims  a  method  of  r u n n i n g  

an  engine  which  comprises   i n j e c t i n g   into  and/or   i n d u c t i n g   into  t h e  

engine  both  A  and  B,  de f ined   in  the  pa ragraph   immedia te ly   a b o v e .  

S p e c i f i c   f u r t h e r   o rgan ic   compounds  of  the  component  B  l i s t e d  

in  the  pa ren t   p a t e n t   a r e - 2 '  -   b u t o x y  -   2  -   e t h o x y e t h y l   n i t r a t e ,  

d i e t h y l e n e   g lyco l   d i n i t r a t e   (DEGDN),  t r i e t h y l e n e   g lycol   d i n i t r a t e  

(TEGDN),  and  the  d i n i t r a t e   of  p o l y e t h y l e n e   g lyco l   of  an  a v e r a g e  

molecu la r   weight   of  400,  ( i . e .   a  compound  of  average  mo lecu la r   w e i g h t  

of  4 9 0 ) .  

These  m a t e r i a l s   are  p a r t i c u l a r l y   e f f e c t i v e   in  a l c o h o l - b a s e d  

f u e l s ,   s ince   a d d i t i o n   l e v e l s   of  about  5%  by  volume  or  less   in  m e t h a n o l  

or  e thanol   are  r e q u i r e d   to  produce  a  s a t i s f a c t o r y   compress ion  i g n i t i o n  

fue l .   TEDGN  is  one  of  the  most  e f f e c t i v e   i g n i t i o n   improvers  f o r  

a l coho l s   d i s c l o s e d   to  d a t e .  

However,  m a t e r i a l s   such  as  DEGDN  and  TEGDN  possess   e x p l o s i v e  

p r o p e r t i e s ,   which  can  be  u n d e s i r a b l e   in  some  cases  for  an  i n j e c t i o n  

improver .   For  example,  if   the  a l c o h o l - b a s e d   fuel  con ta ins   1%  (by  

volume)  or  more  of  such  i g n i t i o n   improver s ,   th is   problem  of  t h e  

exp lo s ive   p r o p e r t i e s   can  be  s e r i o u s   s ince   e v a p o r a t i o n   of  the  v o l a t i l e  

a l c o h o l ,   for  example  in  the  case  of  fue l   s p i l l a g e ,   may  leave  a  

s u b s t a n t i a l   q u a n t i t y   of  r e s i d u e   with  e x p l o s i v e   p r o p e r t i e s .  

The  App l i can t   b e l i e v e s   tha t   i t   would  be  more  d e s i r a b l e   t o  

use  i g n i t i o n   improvers   which  e x h i b i t   i g n i t i o n - i m p r o v i n g   p r o p e r t i e s  



that   are  q u a n t i t a t i v e l y   s i m i l a r   to  TEGDN  when  admixed  with  a l c o h o l s ,  

but  which  do  not  possess   e x p l o s i v e   p r o p e r t i e s ,   and  which  do  n o t  

r e q u i r e   s t a b i l i s i n g   or  d e s e n s i t i s i n g   agents  to  render   them  n o n -  

e x p l o s i v e .  

In  r e s e a r c h i n g   s u i t a b l e   i g n i t i o n   improvers ,   the  A p p l i c a n t  

has  invented   a  compos i t i on   of  ma t t e r   which  may  be  used  as  a  f u e l .  

According  to  the  i n v e n t i o n ,   there   is  provided  a  c o m p o s i t i o n  

of  ma t t e r   compr is ing   a  m i x t u r e   of  (A)  at  l e a s t   one  a l coho l   with  a 

molecu la r   weight  of  l e s s   than  160  and  (B)  at  l e a s t   one  an  o r g a n i c  

compound  of  the  gene ra l   f o r m u l a  

wherein  x  =  an  i n t e g e r   g r e a t e r   than  3,  and  wherein  the  m o l e c u l a r  

weight  (or  average  m o l e c u l a r   weight)   of  the  compound(s)  is  between  260 

and  480.  Such  a  compos i t i on   of  mat te r   may  be  used  as  a  f u e l ,   a s  

b lending   s tock  for  a  f u e l ,   or  the  l i k e .  

P r e f e r a b l y ,   the  component  (B)  is  a  mixture   of  compounds  o f  

Formula  ( I ) ,   such  tha t   the  average   molecular   weight  is  between  280 

and  350.  P a r t i c u l a r   examples  of  component  (B)  are  m ix tu r e s   of  a v e r a g e  
molecu la r   weight  about  292,  390  and  480.  Component  (B)  c o n v e n i e n t l y  

can  be  p re sen t   in  an  amount  of  between  0.01%  by  volume  of  t h e  

compos i t i on ,   e .g .   about  2  to  5%  by  volume.  

The  component  (B)  has  the  a b i l i t y ,   when  admixed  with  t h e  

lower  a l coho l   component  (A)  to  improve  the  c o m p r e s s i o n - i g n i t i o n  

c h a r a c t e r i s t i c s   of  the  a l c o h o l   s u f f i c i e n t l y   to  enable  i t   to  be  used  

as  a  fuel   for  c o m p r e s s i o n - i g n i t i o n   engines .   It  f u r t h e r   has  t h e  

i n a b i l i t y   to  p ropaga te   an  e x p l o s i o n   i n i t i a t e d   by  a  150  g  ' P e n t o l i t e '  

exp lo s ive   boos te r   when  c o n t a i n e d   in  a  50  mm  d iameter   s t e e l   p i p e .  

The  i n v e n t i o n ,   t h e r e f o r e   f u r t h e r   provides   a  l i q u i d   fuel   for  a  

c o m p r e s s i o n - i g n i t i o n   eng ine ,   said  fue l ,   compris ing  (A)  a  m i x t u r e  

of  at  l e a s t   one  l o w e r  a l c o h o l   of  molecular   weight  less   than  160  and 

(B)  an  i g n i t i o n   improver  which  is  at  l e a s t   one  compound  of  g e n e r a l  

formula  (I)  above  and  which  has  a  molecular   weight  between  260  and 

480.  

The  l i q u i d   fue l   may  a l so   conta in   at  l e a s t   one  f u r t h e r  

combus t ib le   organic   m a t e r i a l .  

In  one  embodiment,  the  composi t ion   may  i n i t i a l l y   c o n t a i n  



between  about  5%  and  about  99%  (by  volume)  of  the  i g n i t i o n   i m p r o v e r ,  

as  i t   can  then  be  used  as  a  b l end ing   s tock  for  p r epa r ing   fue l   f o r  

a  c o m p r e s s i o n - i g n i t i o n   e n g i n e .  

C o n v e n i e n t l y   the  l i q u i d   fuel   con ta ins   between  about  0.01% 

and  about  10%  (by  volume)  of  the  i g n i t i o n   improver  (B)  and  i t   c a n  

then  be  used  d i r e c t l y   as  a  fue l   for  c o m p r e s s i o n - i g n i t i o n   e n g i n e s .  
The  a l coho l   component  (A)  may  have  a  molecu la r   weight   o f  

less   than  90,  and  may  be  methanol   and /o r   e t h a n o l .  

When  f u r t h e r   combus t ib le   o rgan ic   m a t e r i a l s   are  p r e s e n t ,   t h e y  

may  be  one  or  more  of  the  f o l l o w i n g :   l u b r i c a n t s ,   s t a b i l i z e r s ,  

c o r r o s i o n   i n h i b i t o r s ,   i g n i t i o n   improve r s ,   s y n e r g i s t i c   a g e n t s ,   o t h e r  

f u e l s ,   fue l   a d d i t i v e s ,   fuel   d i l u e n t s   and  fuel   e x t e n d e r s .   Such 

m a t e r i a l s   are  of  course ,   compa t ib l e   with  said  a l c o h o l s .  

According  to  yet  ano ther   a spec t   of  the  i n v e n t i o n ,   t h e r e   i s  

provided  a  method  of  o p e r a t i n g   a  c o m p r e s s i o n - i g n i t i o n   engine ,   w h i c h  

comprises   s u p p l y i n g ,   to  the  engine ,   a  fuel   having  a  c o m p o s i t i o n   a s  
h e r e i n b e f o r e   d e s c r i b e d .  

The  i n v e n t i o n   w i l l   now  be  f u r t h e r   descr ibed   by  way  of  t h e  

fo l lowing   n o n - l i m i t i n g   Example s .  

EXAMPLE  1 

Three  i g n i t i o n   improvers   compr is ing   mixtures   of  compounds 

of  Formula  (I)  and  having  average  mo lecu l a r   weights  of  292,  390  amd 

480  r e s p e c t i v e l y ,   ( h e r e i n a f t e r   r e f e r r e d   to  as  ' 292 ' ,   '390'   and  ' 4 8 0 '  

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

p o l y ( o x y e t h y l e n e ) g l y c o l s .   All  t h ree   i g n i t i o n   improvers  were  a  m i x t u r e  

of  o l i g o m e r s .  

EXAMPLE  2 

The  i g n i t i o n   improvers  of  Example  1  e x h i b i t e d   i n s i g n i f i c a n t  

exp lo s ive   p r o p e r t i e s ,   as  i l l u s t r a t e d   by  a  severe  d e t o n a t i o n   t e s t .  

Approx imate ly   1100  ml  of  each  improver   were  poured  into  a  v e r t i c a l  

s t e e l   pipe  (50  mm  i n t e r n a l   d i a m e t e r ,   l eng th   600  mm)  which  was  c l o s e d  

at  the  lower  end.  A  150  g  e x p l o s i v e   b o o s t e r ,   a v a i l a b l e   l o c a l l y   u n d e r  

the  AECI  Limited  t r ade   name  ' P e n t o l i t e ' ,   was  i n s e r t e d   in  the  u p p e r  
end  of  the  p ipe .   Af te r   d e t o n a t i o n   of  the  boos te r ,   the  pipe  was 

examined.  D e t o n a t i o n   of  the  m a t e r i a l   under  t e s t   would  have  r e s u l t e d  

in  complete  f r a g m e n t a t i o n   of  the  p ipe .   However,  in  a l l   t h r e e   c a s e s ,  



absence  of  such  d e t o n a t i o n   was  ev idenced  by  the  pipe  only  b e i n g  

splayed  open  at  i t s   upper  end  due  to  d e t o n a t i o n   of  the  boos t e r   o n l y .  
The  r e s u l t s   are  given  in  Table  1.  

This  t e s t   shows  that   the  i g n i t i o n   improvers   accord ing   to  the  i n v e n t i o n  

are  b e t t e r   than  t r i e t h y l e n e   g lycol   d i n i t r a t e   with  regard  to  r e d u c t i o n  

of  e x p l o s i v e   hazard  in  u s e .  

EXAMPLE  3 

The  e f f e c t i v e n e s s   of  the  i g n i t i o n   improvers   of  the  i n v e n t i o n  

as  i g n i t i o n   improvers  was  a s s e s s e d  b y   de t e rmin ing   the  c o n c e n t r a t i o n  

( d e s i g n a t e d   "approximate   e f f e c t i v e   c o n c e n t r a t i o n '   in  Table  II)   t h e r e o f  

r equ i r ed   in  methanol  and  e thanol   to  y i e ld   a  fuel   which  w i l l   e x h i b i t  

a  s i m i l a r   i g n i t i o n   delay  to  hydrocarbon  d i e s e l   fuel   having  a  C . I .  

of  45,  when  used  to  opera te   a  c o m p r e s s i o n - i g n i t i o n   engine .   The  t e s t  

engine  was  an  ins t rumented   s i n g l e - c y l i n d e r   d i r e c t - i n j e c t i o n   a i r - c o o l e d  

d i e s e l   engine  of  15,7:1  compression  r a t i o ,   ope ra t ed   at  1500  rpm  with  a 

dynamic  i n j e c t i o n   timing  of  10° BTDC.  Fuels  which  have  a d e q u a t e  

c o m p r e s s i o n - i g n i t i o n   c h a r a c t e r i s t i c s   f o r  s a t i s f a c t o r y   engine  o p e r a t i o n  

(such  as  hydrocarbon   d i e se l   fuel   having  a  CI  of  45)  e x h i b i t   an  

i g n i t i o n   delay  of  between  6°  and  7°  C.A.  (Crank  Angle)  under  t h e s e  

c o n d i t i o n s .  

The  r e s u l t s   are  given  in  Table  I I .  



This  t e s t   shows  the  e f f e c t i v e n e s s   of  the  i g n i t i o n   improvers   of  t h e  

i n v e n t i o n   in  r e spec t   of  methanol   and  e thano l   as  compared  t o  

t r i e t h y l e n e   g lycol   d i n i t r a t e .  

EXAMPLE  4 

Liquid  compos i t ions   c o n t a i n i n g   i g n i t i o n   improvers   a c c o r d i n g  

to  the  i n v e n t i o n   were  p repared   by  admixing  the  components  as  g i v e n  

in  Table  I I I .   The  components  were  placed  in  a  sc rew-capped   g l a s s  

b o t t l e   which  was  closed  and  gen t ly   shaken  to  give  a  c l e a r ,   homogeneous 

s o l u t i o n   in  each  case.   These  compos i t ions   were  used  as  a  b l e n d i n g  

s tock   to  p repare   fue l s   (see  Example  5 ) .  



EXAMPLE  5 

F u e l s  f o r   use  in  c o m p r e s s i o n - i g n i t i o n   engines  were  p r e p a r e d  

by  mixing  t o g e t h e r   10  pa r t s   b y  v o l u m e  o f   the  compos i t ions   of  Example  4 

and  90  p a r t s   by  volume  of  methanol  or  e t h a n o l ,   to  p r o d u c e  f u e l s   h a v i n g  

the  c o m p o s i t i o n s   given  in  Table  IV .  

These  fue l s   were  used  to  o p e r a t e   t h e  t e s t   engine  de sc r ibed   in  Example 

3.  It  was  found  that   for  a l l  t h e   fue l s   the  engine  s t a r t e d   e a s i l y  

from  cold,   i d l ed   smoothly  and  ran  normal ly   under  a l l   speed  and  l o a d  

c o n d i t i o n s .   Cyl inder   p r e s su re   r e a d i n g s   i n d i c a t e d   that   the  c o m b u s t i o n  

c h a r a c t e r i s t i c s ,   such  as  i g n i t i o n   de lay ,   r a t e   of  p r e s s u r e  r i s e   d u r i n g  

combust ion,   and  peak  p r e s s u r e s ,  w e r e   s a t i s f a c t o r y   for  normal  o p e r a t i o n  

of  the  e n g i n e .  



1.  A  compos i t i on   of  ma t t e r   compr i s ing   a  mix ture   of  (A)  at  l e a s t  

one  a l c o h o l   with  an  average   m o l e c u l a r   weight  of  l e s s   than  160  and 

(B)  at  l e a s t   one  o rgan ic   compound  of  the  f o r m u l a  

N02-0-(CH2CH20)X-NO2 

where in   x  =  an  i n t e g e r   g r e a t e r   than  3,  and  wherein  the  m o l e c u l a r  

weight  (or  average   m o l e c u l a r   weight )   of  the  compound(s)  is  be tween  

260  and  4 8 0 .  

2.  A  compos i t i on   of  m a t t e r   as  claimed  in  claim  1  w h e r e i n  

component  (B)  is  a  mix tu re   of  compounds  of  Formula  I  of  a v e r a g e  
m o l e c u l a r   weight  between  280  and  3 5 0 .  

3.  A  compos i t ion   of  m a t t e r   as  claimed  in  claim  2  wherein  t h e  

component  (B)  has  an  average   mo lecu la r   weight  of  about  292.  

4.  A  compos i t ion   of  ma t t e r   as  claimed  in  claim  1  w h e r e i n  

component  (B)  has  an  average   mo lecu la r   weight  of  about  390 .  

5.  A  compos i t i on   of  m a t t e r   as  claimed  in  claim  1  w h e r e i n  

component  (B)  has  an  average   mo lecu l a r   weight  of  about  480 .  

6.  A  compos i t ion   of  m a t t e r   as  claimed  in  any one  of  t h e  

p r e c e d i n g   claims  wherein   component  (B)  is  p r e s e n t   in  an  amount  o f  

between  0.01%  and  10%  by  volume  of  the  c o m p o s i t i o n .  

7.  A  compos i t ion   of  ma t t e r   as  claimed  in  claim  6  w h e r e i n  

compound  (B)  is  p r e s e n t   in  an  amount  of  2  to  5%  by  volume  of  t h e  

c o m p o s i t i o n .  

8.  A  compos i t ion   of  ma t t e r   as  claimed  in  any one  of  t h e  

p r e c e d i n g   claims  wherein   the  a l coho l   component  (A)  has  a   m o l e c u l a r  

weight  of  l e s s   than  90 .  

9.  A  l i q u i d   compos i t i on   of  mat te r   as  claimed  in  claim  8  w h e r e i n  

the  a l c o h o l   is  methanol   and /or   e t h a n o l .  

10.  A  fue l   for  a  c o m p r e s s i o n - i g n i t i o n   engine ,   said  f u e l  

compr i s ing   a  compos i t ion   as  claimed  in  any one  of  the  p r e c e d i n g  

c l a ims ,   said  compos i t ion   being  l i q u i d   at  ambient  t e m p e r a t u r e s .  

l I .   A  fuel   as  claimed  in  claim  10  wherein  the  fue l   con ta ins   a t  

l e a s t   one  f u r t h e r   combus t i b l e   o rgan ic   m a t e r i a l   compa t ib le   t h e r e w i t h .  

12.  A  method  of  o p e r a t i n g   a  c o m p r e s s i o n - i g n i t i o n   engine  which  

compr ises   supp ly ing   to  the  engine  a  l i q u i d   fuel   as  claimed  in  c l a i m  

10  or  11 .  
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