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(§4)  Fuel  composition,  process  of  preparing  same  and  method  of  operating  an  internal  combustion  engine  using  same. 

This  invention  provides  a  novel  synthetic  fuel  composi- 
tion  suitable  for  use  in  internal  combustion  engines.  The 
fuel  composition  comprises  from  about  40  to  95%  by  volume 
of  a  primary  alcohol  having  1-4  carbon  atoms,  from  about 
5  to  60%  by  volume  of  an  alcohol  derivative  having  the 
general  formula 

wherein  R  is-CH3,  -C2H5,  -C3H7,  or -C4H9, 
and  R1  is  hydrogen  or-CH3. 

The  fuel  composition  can  be  prepared  by  reacting  a 
primary  alcohol  having  1-4  carbon  atoms  with  oxygen  or 
air  to  form  an  alcohol  derivative  which  is  an  aldehyde  and 
reacting  the  aldehyde  with  an  additional  portion  of  the  al- 
cohol  to  form  the  product,  comprising  the  alcohol,  the  alco- 
hol  derivative  and  the  aldehyde. 



F i e l d   of  the  I n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  nove l   f u e l   c o m p o s i t i o n .  

More  p a r t i c u l a r l y ,   the  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  f u e l  

c o m p o s i t i o n   which  is  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  

e g i n e s   and  which  can  be  p r e p a r e d   from  r e a d i l y   a v a i l a b l e   r a w  

m a t e r i a l s   such  as  c a rbon   d i o x i d e   and  w a t e r .   In  a d d i t i o n ,  

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   of  p r e p a r i n g   the  n o v e l  

f u e l   c o m p o s i t i o n .  



Background   of  t he   I n v e n t i o n  

F u e l s   to  s u b s t i t u t e   t h e   c o n v e n t i o n a l   g a s o l i n e   a n d  

p r o c e s s e s   fo r   p r o d u c i n g   such   f u e l s   have  been  much  

i n v e s t i g a t e d .   For  many  y e a r s ,   g a s o l i n e   has  been  c o n s i d e r e d  

as  the   most  i d e a l   f u e l   f o r   t he   i n t e r n a l   c o m b u s t i o n   e n g i n e .  

A l t h o u g h   g a s o l i n e   has   c o n t r i b u t e d   much  to  m o d e r n  l i f e ,  

the  s c a r c i t y   of  s u p p l y   has   a l s o   c a u s e d   the   so  c a l l e d   e n e r g y  

c r i s i s   d u r i n g  r e c e n t   y e a r s .   B e s i d e s ,   w a s t e   g a s e s   f r o m  

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

n u i s a n c e .   R e s e r a c h   f o r   f u e l   s u b s t i t u t e s   has  b e e n  l a u c h e d  

wi th   v a s t   i n v e s t m e n t   in  many  c o u n t r i e s   a round   the   w o r l d .  

Some  p r o c e s s e s   have   been   d i s c l o s e d   in  s c i e n t i f i c   j o u n a l s  

p a t e n t s   and  o t h e r   p u b l i c a t i o n s .   However ,   low  p r o d u c t i o n  

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

c o m p l i c i t y   and  c o s t   of  t h e - e q u i p m e n t   or  t he   n e c e s s i t y   o f  

a l t e r i n g   the   f u e l   s y s t e m   in  t he   e n g i n e   or  c a r b u r e t o r   u s i n g  

the  p r o d u c t   have   made  such  s u b s t i t u t e s   i m p r a c t i c a l .   New 

f u e l s   c l a i m e d   t o  b e   d i r e c t l y   u s a b l e   as  g a s o l i n e   or  to  be  m i x e d  

wi th   g a s o l i n e   s t i l l   i n h e r i t   t he   d r a w b a c k s   of  p o l l u t i n g   t h e  

e n v i r o m e n t   and  u s u a l l y   r e q u i r e   t he   a l t e r a t i o n   of  t h e  

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

d e s i g n e d   c a r b u r e t o r s .   I t   i s   known  t h a t   a l c o h o l s   i n c l u d i n g  

m e t h a n o l .   e t h a n o l ,   p r o p a n o l   or  m i x t u r e s   t h e r e o f   can  be  used   a s  

s u b s t i t u t e s   fo r   g a s o l i n e .   R e s u l t s   o b t a i n e d   were  n o t  

s a t i s f a c t o r y .   E f f o r t s   have  been  made  in  many  c o u n t r i e s   t o  

so lve   the   p r o b l e m s   i n v o l v e d .   T h e r e f o r e ,   t h e r e   e x i s t s   a  

need  to  f o r m u l a t e   a  s y n t h e t i c   f u e l   as  a  s u b s t i t u t e   f o r  

g a s o l i n e ,   the   s y n t h e t i c   f u e l   b e i n g   economic   to  p r o d u c e  



as  wel l   as  b e i n g   f r e e   from  h a r m f u l   b y p r o d u c t s   which  w o u l d  

p o l l u t e   the   e n v i r o m n e n t .  

Summary  of  I n v e n t i o n  

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  s y n t h e t i c   f u e l  

c o m p o s i t i o n   and  the   p r o c e s s   f o r   p r o d u c i n g   same,  The  

f u e l   c o m p o s i t i o n   can  be  p r e p a r e d   from  raw  m a t e r i a l s  

such  as  c a r b o n   d i o x i d e   and  w a t e r ,   which   a re   r e a d i l y  

a v a i l a b l e ,   to   form  an  a l c p h o l   which   is  t h e n   o x i d i z e d  

to  form  an  a l d e h y d e .   The  a l d e h y d e   is  f u r t h e r   r e a c t e d .  

wi th   the   a l c o h o l   to  form  the   f u e l   c o m p o s i t i o n .  

B r i e f   D e s c r i p t i o n   of  D r a w i n g  

The  d r a w i n g   shows  a  f low  s h e e t   d e p i c t i n g   the   p r o c e s s  

of  the  p r e s e n t   i n v e n t i o n .  

D e t a i l e d   D e s c r i p t i o n   of  t h e   I n v e n t i o n  

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  f u e l   c o m p o s i t i o n  

c o m p r i s i n g   (a)  from  a b o u t   40%  to  95%  by  volume  of  a  

p r i m a r y   a l c o h o l   h a v i n g   1  to  4  c a r b o n   a toms,   and  (b)  f r o m  

about   5%  to  60%  by  volume  of  a  compound  h a v i n g   the   g e n e r a l  

f o r m u l a  

Wherein  R  is   -CH3,-C2H5,   -C3H7,  o r  - C 4 H 9 ,   and  R1  is  h y d r o g e n   o r  

-CH3,  and  (c)  from  a b o u t   0.001%  to   1%  by  volume  of  a n  

a l d e h y d e   h a v i n g   the   g e n e r a l   f o r m u l a  

w h e r e i n   R2  is  h y d r o g e n ,   -CH3  or  -C2H5.  The  f u e l   c o m p o s i t i o n  

can  be  used   as  a  s u b s t i t u t e   f o r   g a s o l i n e   in  i n t e r a l   c o m b u s t i o n  

e n g i n e s .  



The  p r e s e n t   f u e l   c o m p o s i t i o n   c o m p r i s e s   from  a b o u t  

40%  to  95%  by  volume  of  a  p r i m a r y   a l c o h o l   h a v i n g   1  to  4 

ca rbon   a toms .   P r e f e r a b l y ,  t h e   c o m p o s i t i o n   c o m p r i s e s  

from  abou t   40%  to  85%  and  most  p r e f e r a b l y   40%  to  50% 

by  volume  of  the   p r i m a r y   a l c o h o l .   U s e f u l   e x a m p l e s   o f  

the   a l c o h o l   i n c l u d e   m e t h a n o l ,   e t h a n o l ,  p r o p a n o l   a n d  

b u t a n o l .   Among  t h e s e   a l c o h o l s ,   m e t h a n o l   and  e t h a n o l  

are   p r e f e r r e d .   P a r t i c u l a r l y ,   m e t h a n o l   is  t he   m o s t  

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

i t   can  be  o b t a i n e d   at  low  c o s t .  

In  a d d i t i o n ,   t he   p r e s e n t   c o m p o s i t i o n   c o m p r i s e s  

from  a b o u t   5  to  60%  p r e f e r a b l y   from  abou t   15%  to  60%, 

and  most  p r e f e r a b l y   from  abou t   50%  to  60%  by  v o l u m e  

of  a  compound  h a v i n g   t h e   f o r m u l a  

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

R1  is  h y d r o g e n   or  m e t h y l .   P r e f e r a b l y ,   R  i s  m e t h y l   o r  

e t h y l ,   and  R1  is   h y d r o g e n  o r   m e t h y l .  

In  o t h e r   words ,   t h e   p r e f e r r e d   compounds  a r e :  



w i t h  

b e i n g   most  p r e f e r r e d .  

F u r t h e r ,   t he   p r e s e n t   c o m p o s i t i o n   c o m p r i s e s   f r o m  

about   0 .001   to  1%  of  an  a l d e h y d e   h a v i n g   the   f o r m u l a  

w h e r e i n   R   is  h y d r o g e n   or  m e t h y l .   Examples   of  t h e  

a l d e h y d e   a r e  f o r m a l d e h y d e   and  a c e t a l d e h y d e ,   w i t h   f o r m a l d e h y d e  

b e i n g   p r e f e r r e d .  

In  a c c o r d a n c e   w i t h   the  above ,   p r e f e r r e d   embodiment   o f  

the   p r e s e n t   i n v e n t i o n   a re   as  f o l l o w s :  

E m b o d i m e n t  

The  p r e s e n t   i n v e n t i o n   a l s o   r e l a t e s   to  a  p r o c e s s   o f  

p r e p a r i n g   the   s y n t h e t i c   f u e l   c o m p o s i t i o n   d e s c r i b e d   a b o v e .  

The  p r o c e s s   c o m p r i s e s :  

(1)  r e a c t i n g   an  a l d e h y d e   h a v i n g   the   g e n e r a l   f o r m u l a  

w h e r e i n   R  is   h y d r o g e n   or  m e t h y l ,   the   a l d e h y d e   b e i n g  

in  t he   form  of  a  v a p o r   Or  l i q u i d ,  w i t h  

(2)  a  p r i m a r y   a l c o h o l   h a v i n g   1  to  4  c a r b o n   atoms  in  t h e  

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

b e i n g   in  t he   form  of  a  v a p o r   or  a  l i q u i d .  

The  r e a c t i o n   is  c o n d u c t e d   at  a  t e m p e r a t u r e   of  from  a b o u t  

70°C  to  300  °C ,   p r e f e r a b l y   from  abou t   70  °C  to  200  °C ,  



and  most  p r e f e r a b l y   from  about   70°C  to  90°C,  and  a  p r e s s u r e  

of  from  abou t   2  to  10  a t m . ,   p r e f e r a b l y   from  abou t   2  to  5  a t m . ,  

most  p r e f e r a b l y   from  a b o u t   2  to  abou t   3  atm.  The  m o l a r  

. r a t i o   of  a l d e h y d e   to  a l c o h o l   is  from  abou t   2 - 4 : 1 ,   p r e f e r a b l y  

from  abou t   2 - 3 : 1 ,   and  most   p r e f e r a b l y   from  abou t   2 . 2 : 1 .  

I t   is  n o t e d   t h a t   t he   a l c o h o l   s h o u l d   be  in  e x c e s s   of  t h e  

s t o i c h i o m e t r i c   amount .   The  c a t a l y s t   is  p r e s e n t   in  a n  

amount  of  l e s s   t h a n   1%  by  volume  of  t he   t o t a l   r e a c t i o n  

m i x t u r e .   The  c a t a l y s t   i s   a  g a s e o u s   h a l i d e .   Examples   o f  

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

c h l o r i d e ,   w i t h   h y d r o g e n   c h l o r i d e   b e i n g   p r e f e r r e d .   The  

r e a c t i o n   t ime   is   from  a b o u t   0.5  to   2  s e c o n d s ,   p r e f e r a b l y  

from  abou t   0 .5  to   1  s e c o n d .  

In  t h e   above   r e a c t i o n ,   i t   is  i m p o r t a n t   to  n o t e   t h a t  

the   a l d e h y d e   i s   p r e f e r r e d   to   be  in  t he   form  of  a  v a p o r .  

As  to  t he   a l c o h o l ,   i t   may  be  e i t h e r   a  l i q u i d   or  a  v a p o r .  

The  f o r m a t i o n   of  t h e   f u e l   c o m p o s i t i o n   from  an  a l c o h o l   a n d  

an  a l d e h y d e   is   b e l i v e d   to  be  r e p r e s e n t e d   by  the   f o l l o w i n g  

e q u a t i o n :  

w h e r e i n   R3  is   h y d r o g e n ,   m e t h y l ,   e t h y l   or  p r o p y l   a n d  

R4  is  h y d r o g e n  o r   m e t h y l .  

The  a l d e h y d e   u sed   in  t h e   above  r e a c t i o n   can  b e  

formed  by  r e a c t i n g   a  p r i m a r y   a l c o h o l   h a v i n g   1-4  c a r b o n  

a t o m s  w i t h   oxygen   or  a i r .   Examples   of  t he   a l c o h o l  i n c l u d e  



m e t h a n o l ,   e t h a n o l ,   p r o p a n o l ,   and  b u t a n o l ,   wi th   m e t h a n o l  

and  e t h a n o l   b e i n g   p r e f e r r e d ,   and  m e t h a n o l   most  p r e f e r r e d .  

The  a l d e h y d e  -   f o r m i n g   r e a c t i o n   is  c o n d u c t e d   at  a 

p r e s s u r e   of  from  abou t   2  to  10  atm,  p r e f e r r a b l y   f r o m  

about   2  to  3  atm  and  a  t e m p e r a t u r e   of  from  300 C  to  4 5 0 ° C ,  

p r e f e r a b l y   from  a b o u t   3800C  to  400°C  in  t h e  p r e s e n c e   o f  

an  a l l   Cu  or  -Ag  c a t a l y s t ,   m o l a r   r a t i o   of  Cu:Ag  b e i n g  

from  abou t   9 0 - 1 0 0 : 1 .   The  r e a c t i o n   t ime  is  from  a b o u t  

0.01  to  0.1  s e c o n d .  

In  f o r m i n g   the   a l d e h y d e ,   a  p o r t i o n   of  the   a l c o h o l  

can  be  u sed .   The  r e m a i n i n g   p o r t i o n   of  the   a l c o h o l   c a n  

be  used  as  a  r e a c t a n t   in  f o r m i n g   the   p r e s e n t   f u e l  

c o m p o s i t i o n   by  r e a c t i n g   t h e   a l c o h o l   w i t h   the   n e w l y  

formed  a l d e h y d e   which   is  p r e f e r a b l y   in  a  vapor   s t a t e .  

In  o t h e r   words ,   a  g i v e n   s t r e a m   of  p r i m a r y   a l c o h o l  

c an   be  d i v i d e d   i n t o   two  p o r t i o n s .   The  f i r s t   p o r t i o n  

is  used  to  form  the   a l d e h y d e .   The  second   p o r t i o n   i s  

u s e d   to  r e a c t   w i t h   t he   a l d e h y d e   to  form  the   p r e s e n t  

f ue l   c o m p o s i t i o n .   As  to   t he   vo lume  r a t i o   of  t he   f i r s t :  

second  p o r t i o n s ,   t h i s   can  be  v a r i e d   in  a c c o r d a n c e   w i t h  

the  p a r t i c u l a r   c o m p o s i t i o n   of  t he   f u e l .  

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

d e s c r i b e d   above  can  be  r e p r e s e n t e d   by  the   f o l l o w i n g   e q u a t i o n s :  



where in   R5  is  h y d r o g e n   or  m e t h y l ,   and  R6  is  h y d r o g e n ,  

me thy l ,   e t h y l   or  p r o p y l .  

From  the   above  e q u a t i o n s ,   i t   can  be  seen   t h a t   t h e  

a m o u n t   of  a l c o h o l   used   to  form  the   a l d e h y d e   and  t he   a m o u n t  

of  a l c o h o l   u sed   to   r e a c t   w i t h   t he   formed  a l d e h y d e   can  b e  

v a r i e d   g r e a t l y   in  a c c o r d a n c e   w i t h   the   c o m p o s i t i o n   of  t h e  

f i n a l   f u e l   p r o d u c t . .  

The  a l c o h o l   used   in  f o r m i n g   the   a l d e h y d e   can  b e  

p r e p a r e d   by  such   w a s t e   m a t e r i a l   as  c a r b o n   d i o x i d e .  

I n   t h i s   c o n n e c t i o n ,   as  an  e x a m p l e ,  m e t h a n o l   can  be  f o r m e d  

from  c a r b o n   d i o x i d e   as  r e p r e s e n t e d   by  t he   f o l l o w i n g   e q u a t i o n :  

The  c a r b o n   d i o x i d e   can  be  a  b y p r o d u c t   fo rmed   from  t h e  

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

b a c t e r i a .  T h e  c a b o n   d i o x i d e   is   r e a c t e d   w i t h   h y d r o g e n  

in  the   p r e s e n c e   of  a  Fe  c a t a l y s t .   The  r e a c t i o n   is   c o n d u c t e d  

a t  a   p r e s s u r e   of  from  a b o u t   2  t o   20  atm  and  a  t e m p e r a t u r e  

of  from  a b o u t   325  to   450°C  a n d  a   CO2:  H2  m o l a r   r a t i o   o f  

about   1 :3 .   T h e   r e a c t i o n   is  p e r m i t t e d   to   p r o c e e d   f o r  

a  p e r i o d   of  f rom  a b o u t   0 .01   to   0 .05  s e c o n d s .   T h e r e a f t e r ,  

the   g a s e s   a re   t r a n s f e r r e d   to   a  h i g h   p r e s s u r e   r e a c t o r  

where  t h e   g a s e s   a re   r e a c t e d   in  t h e  p r e s e n c e   of  a  

C u - Z n - C r  o x i d e s   c a t a l y s t   at   a  t e m p e r a t u r e   of  from  a b o u t  

200°C  to   300°C  a n d  a   p r e s s u r e   of  from  a b o u t   100  t o   180  a t m ,  

The  mo la r   r a t i o   of  C u : Z n : C r   o x i d e s   i s   1 0 : 8 0 : 1 0 .   T h e  

m e t h a n o l   p r o d u c e d   from  the   c a r b o n   d i o x i d e  -   h y d r o g e n  

r e a c t i o n   can  t h e n   be  used   to   form  t h e   a l d e h y d e   and  f u e l  

c o m p o s i t i o n   as  d e s c r i b e d   a b o v e .  



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

the   p r e s e n t   i n v e n t i o n   can  be  used   as  a  s u b s t i t u t e   f o r  

. g a s o l i n e .   In  view  of  t he   f a c t   t h a t   i t   can  be  p r e p a r e d  

from  such  raw  m a t e r i a l s   a s   c a r b o n   d i o x i d e ,   a i r   and  m e t h a n o l  

which  a re   r e a d i l y   a v a i l a b l e ,   t he   c o s t   of  s u c h  f u e l  

c o m p o s i t i o n   is  n e c e s s a r i l y   much  lower   t h a n   t h a t   o f  

g o s o l i n e .   In  a d d i t i o n ,   t he   p r e s e n t   f u e l   c o m p o s i t i o n  

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

means  t h a t   l e s s   n i t r o g e n   o x i d e s   (NOx)  a re   fo rmed ,   t h u s  

c a u s i n g   a  d e c r e a s e   in  t he   amount   of  p o l l u t a n t s   i n  

a u t o m o b i l e   e x h a u s t   g a s e s .   The  p r e s e n t  f u e l   c o m p o s i t i o n  

a l s o   c a n  b e   c o m p l e t e l y   c o m b u s t e d   w i t h i n   an  a u t o m o b i l e  

e n g i n e   to  form  c a r b o n   d i o x i d e   and  w a t e r   which   c a u s e   n o  

harm  to  t he   e n v i r o n m e n t .  

O the r   d e s i r a b l e   p r o p e r t i e s   of  t h e  p r e s e n t   f u e l  

c o m p o s i t i o n   i n c l u d e   a  f r e e z i n g   p o i n t   of  be low  minus   70°C 

which  e n s u r e s   o p e r a t i o n   of  t h e   e n g i n e   even  at  e x c e p t i o n a l l y  

co ld   t e m p e r a t u r e s .   The  p r e s e n t   f u e l   c o m p o s i t i o n   b o i l s  

w i t h i n   t he   t e m p e r a t u r e   r a n g e   of  from  abou t   40 C  to   1 8 0 ° C .  

S ince   w a t e r   is   m i s c i b l e   w i t h   t h e   p r e s e n t   f u e l   c o m p o s i t i o n ,  

the   p r e s e n c e   of  a  sma l l   amount   of  w a t e r   t h e r e i n   w i l l   n o t  

cause   f u e l   l i n e   f r e e z e   up  s i n c e   t h e   w a t e r   is  d i s s o l v e d  

in  the  f u e l .  A l s o ,   i t   has   been   found   t h a t   an  e n g i n e   i s  

e a s i e r   to  s t a r t   when  the   p r e s e n t   f u e l   c o m p o s i t i o n   is  u s e d .  

More  i m p o r t a n t l y ,   t he   p r e s e n t   f u e l   c o m p o s i t i o n   c a n  

be  fed  to  an  i n t e r n a l   c o m b u s t i o n   e n g i n e   w i t h o u t   a n y  

m o d i f i c a t i o n   of  t he   e n g i n e   or  t he   c a r b u r e t o r   t h e r e o f .  

Thus,  t he   p r e s e n t   f u e l   c o m p o s i t i o n   i n c u r s   no  e x t r a   c o s t   on  t h e  

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



shown  l a t e r   in  the  e x a m p l e ,   the   m i l a g e   p r o v i d e d   by  t h e  

p r e s e n t   c o m p o s i t i o n   is  c o m p a r a b l e   or  s l i g h t l y   improved   o v e r  

t h a t   of  g a s o l i n e .  

T h e  p r e s e n t   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   in  t h e  

f o l l o w i n g   e x a m p l e s .   S ince   the   e x a m p l e s   are   fo r   i l l u s t r a t i v e  

p u r p o s e s ,   they   a re   no t   to  be  i n t e r p r e t e d   as  l i m i t a t i o n .  

Example  1 

This   example  shows  the   s y n t h e s i s   of  the   p r e s e n t   f u e l  

c o m p o s i t i o n   from  c a r b o n   d i o x i d e ,   h y d r o g e n ,   and  o x y g e n .  

With  r e f e r e n c e   to  the   d r a w i n g ,   10  mols  of  r e f i n e d  

C02  gas  2  and  30  mols  of  r e f i n e d   H2  gas  4  a re   c h a r g e d   i n t o  

a  low  p r e s s u r e   r e a c t o r   6  and  a  p r e s s u r e   of  15  atm.  and  a  

t e m p e r a t u r e   of  360°C.  R e a c t i o n   t a k e s   p l a c e   in  the   p r e s e n c e  

of  a  Fe  c a t a l y s t .   The  mixed  gas  is   f u r t h e r   t r a n s f e r e d   by  a  

h igh   p r e s s u r e   pump  8  i n t o   h i g h   p r e s s u r e   r e a c t o r   10,  w h e r e  

the  gases   r e a c t   c o n t i n u o u s l y   u n d e r   a  p r e s s u r e   of  160  a t m .  

and  a  t e m p e r a t u r e   of  330°C  in  the   p r e s e n c e   of  a  C u - Z n - C r  

o x i d e s   c a t a l y s t .   The  m e t h a n o l   v a p o r   l e a v e s   r e a c t o r   10  a n d  

is   c o n d e n s e d   in  c o n d e n s e r   12.  T h e r e a f t e r ,   the   c o n d e n s e d  

m e t h a n o l   is  f e d  t o   h igh   p r e s s u r e   s e p a r a t o r   14  and  t h e n  

low  p r e s s u r e   s e p a r a t o r   16.  A  p o r t i o n   of  the   g a s e o u s   m e t h a -  

nol  18  is  mixed  w i th   oxygen  5  in  the   p r o p o r t i o n   of  2:1  i n  

mixer   22  and  fed  to  r e a c t o r   24  where   the   p r e s s u r e   is  2 

atm.  and  t e m p e r a t u r e   is  400°C  to  p r o d u c e   an  a l d e h y d e   g a s  

in  the  p r e s e n c e   of  a  Cu  c a t a l y s t .   The  a l d e h y d e   gas  26 

is  i n t r o d u c e d   w i t h   the   r e m a i n i n g   p o r t i o n   of  the   g a s e o u s  

m e t h a n o l   20  i n t o   r e a c t o r   28  where   a  g a s e o u s   h a l i d e   c a t a l y s t  

is  p r e s e n t ,   to  r e a c t   unde r   a  p r e s s u r e   of  2  atm.  and  a  t e m -  

p e r a t u r e   of  80°C.  The  p r o d u c t   i s   c o l l e c t e d   in  c o n t a i n e r   3 0 .  



The  p r o d u c t   is  r e f i n e d   by  f e e d i n g   the  p r o d u c t   to  p l a t e  

tower   32.  The  vapor   l e a v e s   the  t ower   v ia   s t r e a m   34 

and  is  c o n d e n s e d   in  c o n d e n s e r   36.  The  f i n a l   l i q u i d  

p r o d u c t   is  fed  to  s t o r a g e   t ank   40  v ia   s t r e a m   3 8 .  

300  ml  of  a  l i q u i d   f u e l   h a v i n g   the   f o l l o w i n g   c o m p o s i t i o n   i s  
o b t a i n e d :  

Example  2 

The  p r o c e s s   d e s c r i b e d   in  Example  1  is  r e p e a t e d ,   e x c e p t  

t h a t   the   r a t i o   of  m i x i n g   of  the   p o r t i o n   of  m e t h a n o l   a n d  

oxygen  is  1:1  i n s t e a d   of  2 :1 .   The  r e s u l t s   a re   a n a l y s e d   t o  

show  the   f o l l o w i n g   c o m p o s i t i o n :  

Example  3 

M e t h a n o l   and  e t h a n o l   o b t a i n e d   from  f e r m e n t a t i o n   a re   u s e d  

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

r e a c t i o n   d e s c r i b e d   in  Example  1 . .   The  r e s u l t s   show  n o  

s u b s t a n c i a l   d i f f e r e n c e .  

Example  4 

1  mol  of  f o r m a l d e h y d e   in  v a p o r   form  is  r e a c t e d   w i t h  

2  mol  of  m e t h a n o l   in  the   p r e s e n c e   of  a  g a s e o u s   HCL  c a t a l y s t .  

The  r e a c t i o n   is   c o n d u c t e d   at  a  t e m p e r a t u r e   of  800C  and  a  

p r e s s u r e   of  2  atm.  0 .95   mol  of  an  a l c o h o l   d e r i v a t i v e   i s  

o b t a i n e d .   The  p r o d u c t   is   a  c o l o r l e s s   c l e a r   l i q u i d .  

A n a l y s i s   of  t he   a l c o h o l   d e r i v a t i v e   shows  an  e m p i r i c a l  

f o r m u l a   of  C3H8O2 



E x a m p l e  5  

1  mol  of  f o r m a l d e h y d e   in  v a p o r   form  is  r e a c t e d   w i t h  

2  mol  of  e t h a n o l   in  the   p r e s e n c e   of  a  g a s e o u s   HCL  c a t a l y s t .  

The  r e a c t i o n   is  c o n d u c t e d   at  a  t e m p e r a t u r e   of  85°C  a n d  

a  p r e s s u r e   of  2  atm.  0 .94  mol  of  an  a l c o h o l   d e r i v a t i v e  

is  o b t a i n e d .   The  p r o d u c t   is  a  c l e a r ,   c o l o r l e s s   l i q u i d .  

A n a l y s i s   of  the   a l c o h o l   d e r i v a t i v e   shows  an  e m p i r i c a l  

f o r m u l a   of  C5H12O2. 

Example  6 

Example  4  is   r e p e a t e d   e x c e p t   1  mol  of  a c e t a l d e h y d e  

is  u s e d .   0 .94  mol  of  an  a l c o h o l   d e r i v a t i v e   is  o b t a i n e d .  

The  p r o d u c t   is  a  c l e a r ,   c o l o r l e s s   l i q u i d .   A n a l y s i s   of  t h e  

a l c o h o l   d e r i v a t i v e   shows  an  e m p i r i c a l   f o r m u l a   of  C4H10O2. 

E x a m p l e  

Example  5  is   r e p e a t e d   e x c e p t   1  mol  of  a c e t a l d e h y d e   i s  

u sed .   0 .95   mol  of  an  a l c o h o l   d e r i v a t i v e   is  o b t a i n e d .  

.The  p r o d u c t   is  a  c l e a r ,   c o l o r l e s s   l i q u i d .   A n a l y s i s   of  t h e  

a l c o h o l   d e r i v a t i v e   shows  an  e m p i r i c a l   f o r m u l a   of  C6H14O2. 

Example   8  

L i q u i d   f u e l   of  t he   p r e s e n t   i n v e n t i o n   o b t a i n e d   i n  

E x a m p l e  4   was  mixed  w i t h   c o n v e n t i o n a l   g a s o l i n e   i n  

a  volume  r a t i o   of  1:1  and  used   to   d r i v e   a  Yue  L o o n g  

model  1200  sedan   w i t h o u t   any  m o d i f i c a t i o n   of  t he   e n g i n e   o r  

c a r b u r e t o r .   R e s u l t s   of  road   t e s t s   a re   compared   w i t h  

t h o s e   of  t he   same  ca r   u s i n g   r e g u l a r   and  premium  g a s o l i n e  

as  shown  in  Tab le   1 :  





From  the  above ,   i t   is  o b v i o u s   t h a t   the   e n g i n e   u s i n g  

the  l i q u i d   f u e l   of  the   p r e s e n t   i n v e n t i o n   o p e r a t e s   at   a  

lower   t e m p e r a t u r e ,   thus   r e d u c i n g   e n g i n e   t r o u b l e   due  to  o v e r -  

h e a t i n g .  

Example  9 

The  l i q u i d   f u e l   of  the   p r e s e n t   i n v e n t i o n   was  used  t o  

d r i v e   a  two  c y c l e   50cc  e n g i n e   (3 %  of  lube   was  added  to  t h e  

f u e l ) .   R e s u l t s   of  p e r f o r m a n c e   a re   compared   w i th   t h o s e   g i v e n  

by  the  same  e n g i n e   u s i n g   r e g u l a r   g a s o l i n e   as  shown  i n  

Table   2 .  

I t   can  be  seen  t h a t   the  p e r f o r m a n c e   of  the   l i q u i d   f u e l   o f  



t h e   p r e s e n t   i n v e n t i o n   h a v i n g   a  c o m p o s i t i o n   of  CH3OH:49% 

f o r m a l d e h y d e   d e r i v a t i v e   :  50%,  CH2O:  0.5%  g i v e s   b e t t e r  

r e s u l t s   t han   r e g u l a r   g a s o l i n e .  

Example  10 

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

of  the   p r e s e n t   i n v e n t i o n   are   used  r e p e a t e d l y   to  d r i v e   o n e  

Yue  Loong  m o d e l  1 5 0 0   sedan   h a v i n g   the   e n g i n e   a d j u s t e d   t o  

cope  w i t h   p a r t i c u l a r   c o n d i t i o n s .   The  road   t e s t s   r e s u l t s  

a re   t a b u l a t e d   in  Tab le   3  to  compare   w i t h   t he   r e s u l t s  

of  r o a d   t e s t s   u s i n g   premium  g a s o l i n e   and  pu re   m e t h a n o l .  





From  Tab le   3,  i t   is  a p p a r e n t   t h a t   the  l i q u i d   f u e l  

of  the  p r e s e n t   i n v e n t i o n   is  a c t u a l l y   as  p r a c t i c a l  

as  c o n v e n t i o n a l   premium  g a s o l i n e ,   and  the  f u e l   h a v i n g  

a  c o m p o s i t i o n   of  84.5%  m e t h a n o l ,   15%  a l c o h o l   d e r i v a t i v e ,  

0.5%  a l d e h y d e   g i v e s   the   most  economic   p e r f o r m a n c e .  

Fuels   of  o t h e r   c o m p o s i t i o n   r a t i o ,   i . e .   by  i n c r e a s i n g  

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

seem  to  g ive   s i g n i f i c a n t   i m p r o v e m e n t .   Pure  m e t h a n o l  

i s  n o t   s u i t a b l e   f o r   use  in  the   car   h a v i n g   the   e x i s t i n g  

e n g i n e   d e s i g n   s i n c e   the   m i l a g e / 1   is  poor   ( o n l y   4.1  k m / l  

or  one  h a l f   of  t h a t   of  o t h e r   f u e l s ) .  

Example  11 

Examples   8-10  are  r e p e a t e d   e x c e p t   t h a t   e t h a n o l  

is  used  in  p l a c e   of  m e t h a n o l   in  the  c o m p o s i t i o n .   T h e  

r e s u l t s   show  some  i m p r o v e m e n t   in  i g n i t i o n ,  s t a r t i n g ,  

c l i m b i n g ,   k n o c k i n g ,   m i l a g e   and  e x h a u s t   p r o p e r t i e s   over   t h o s e  

u s i n g   m e t h a n o l .   T h e r e f o r e ,   a  c o n c l u s i o n   can  be  drawn  t h a t  

the  f u e l   c o m p o s i t i o n   of  the   p r e s e n t   i n v e n t i o n   is  f e a t u r e d  

by  i t s   c o n t e n t   of  the   a l c o h o l   d e r i v a t i v e   of  C3H8O2. 



1 .   A  f u e l   c o m p o s i t i o n   c o m p r i s i n g :  

(a)  from  abou t   40  to  95%  by  volume  of  a  p r i m a r y   a l c o h o l  

h a v i n g   1  to  4  c a r b o n   a t o m s ;  

(b)  from  abou t   5  to  60%  by  volume  of  a  compound  h a v i n g  

t he   g e n e r a l   f o r m u l a  

w h e r e i n   R  is  -CH3,  -C2H5,  - C 3 H 7  o r   -C4H9 ,  

a n d  
R1  is   h y d r o g e n   o r  - C H 3 ;   a n d  

(c)  from  abou t   0 .001   to   1%  by  volume  o f  a n   a l d e h y d e  

h a v i n g   the   g e n e r a l   f o r m u l a  

w h e r e i n   R2  is  h y d r o g e n ,   -CH3,  or  - C 2 H 5 .  

2.  The  f u e l   c o m p o s i t i o n   of  c l a i m   1  w h e r e i n   t he   p r i m a r y  

a l c o h o l   of  (a)  is  p r e s e n t   in  an  amount  of  from  a b o u t  

40  to  85%  by  vo lume,   t he   compound  of  (b)  is  p r e s e n t  

in  an  amount  of  from  a b o u t   15  to   60%  by  vo lume,   a n d  

t he   compound  of  (c)  is   p r e s e n t   in  an  amount  of  f r o m  

a b o u t   0 . 0 0 1 t t o   1%  by  v o l u m e .  

3.  The  f u e l   c o m p o s i t i o n   of  c l a i m   2  w h e r e i n   (a)  is  s e l e c t e d  

from  t he   g roup   c o n s i s t i n g   of  m e t h a n o l   and  e t h a n o l ;  

(b)  is   g e l e c t e d   from  t he   g roup   c o n s i s t i n g   o f  

;  and  (c)  i s  

s e l e c t e d   from  t h e   g roup   c o n s i s t i n g   of  f o r m a l d e h y d e   a n d -  

a c e t a l d e h y d e .  



4.  A  p r o c e s s   for   p r e p a r i n g   the  s y n t h e t i c   f u e l   c o m p o s i t i o n   o f  

c la im  1  c o m p r i s i n g :  

(1)  r e a c t i n g   an  a l d e h y d e   h a v i n g   the  g e n e r a l   f o r m u l a  

whe re in   R  is  h y d r o g e n   or  -CH3,  the  a l d e h y d e   b e i n g   in  t h e  

form  of  a  vapor   or  l i q u i d ,   w i t h  

(2)  a  p r i m a r y   a l c o h o l   h a v i n g   1  to  4  c a rbon   atoms  in  t h e  

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

in  the  form  of  a  vapor   or  l i q u i d .  

5.  The  p r o c e s s   of  c l a i m   4  w h e r e i n   the  r e a c t i o n   is  c a r r i e d  

out  at  a  t e m p e r a t u r e   of  from  abou t   70°  to  300°C,  a  

p r e s s u r e   of  from  abou t   2  to  10  atm,  and  an  a l c o h o l : a l d e -  

hyde  molar   r a t i o   of  from  abou t   2 - 4 : 1 .  

6.  The  p r o c e s s   of  c l a i m   4  w h e r e i n   the  a l c o h o l   is  m e t h a n o l  

and  the  a l d e h y d e   is  f o r m a l d e h y d e .  

7.  The  p r o c e s s   of  c l a i m   4  w h e r e i n   the  a l c o h o l   is  m e t h a n o l  

and  the  a l d e h y d e   is  a c e t a l d e h y d e .  

8.  The  p r o c e s s   of  c l a i m   4  w h e r e i n   the  a l c o h o l   is  e t h a n o l  

and  the  a l d e h y d e   is  f o r m a l d e h y d e .  

9.  The  p r o c e s s   of  c l a i m   4  w h e r e i n   the  a l c o h o l   is  e t h a n o l  

and  the  a l d e h y d e   is  a c e t a l d e h y d e .  

10.  The  p r o c e s s   of  c l a i m   6,  7,  8,  or  9  w h e r e i n   bo th   t h e  

a l c o h o l   and  the  a l d e h y d e   are  in  vapor   f o r m .  

11.  The  p r o c e s s   of  c l a i m   6,  7,  8,  or  9  w h e r e i n   both   t h e  

a l c o h o l   and  the  a l d e h y d e   are  in  l i q u i d   f o r m .  



12.  The  p r o c e s s   of  c l a i m   6 , 7 , 8   or  9  w h e r e i n   the   a l c o h o l   i s  

in  vapo r   form  and  the  a l d e h y d e   is  in  l i q u i d   f o r m .  

13.  The  p r o c e s s   of  c l a i m   6 , 7 , 8   or  9  w h e r e i n   the   a l c o h o l   i s  

in  l i q u i d   form  and  the  a l d e h y d e   is   in  v a p o r   f o r m .  

14.  The  p r o c e s s   of  c l a i m   4  w h e r e i n   t he   h a l i d e   c a t a l y s t   i s  

h y d r o g e n   c h l o r i d e .  

15.  A  p r o c e s s   fo r   p r e p a r i n g   the   s y n t h e t i c   f u e l   c o m p o s i t i o n  

of  c l a i m   1  c o m p r i s i n g :  

(1)  r e a c t i n g   a  p r i m a r y   a l c o h o l   h a v i n g   1  to  4  c a rbon   a t o m s  

w i t h   oxygen  or  a i r   in  the   p r e s e n c e   of  a  Cu-Ag 

c a t a l y s t   to  form  an  a l d e h y d e   which  is   in  l i q u i d   o r  

v a p o r   f o r m ;  

(2)  a d d i n g   a n o t h e r   p o r t i o n   of  the   p r i m a r y   a l c o h o l   o f  

(1) ,   which  is  l i q u i d   or  v a p o r   form,   to  the  p r o d u c t s  

o b t a i n e d   in  (a)  and  r e a c t i n g   the   m i x t u r e   in  t h e  

p r e s e n c e   of  a  h a l i d e   c a t a l y s t   to  form  the  f u e l  

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

16.  The  p r o c e s s   of  c l a i m   1 5  w h e r e i n   s t e p   (1)  is  c o n d u c t e d  

at  a  t e m p e r a t u r e   o f  f r o m   a b o u t   300°  to  450°C,  a  p r e s s u r e  

of  from  abou t   2  to  10  atm,  and  w h e r e i n  s t e p   (2)  is  c a r r i e d  

out  at   a  t e m p e r a t u r e   of  from  a b o u t   70°  to  300°C,  a  p r e s -  

sure   of  from  abou t   2  to  10  atm,  and  an  a l c o h o l : a l d e h y d e  

molar   r a t i o   of  from  abou t   2 - 4 : 1 .  

17.  The  p r o c e s s   of  c l a i m   15  w h e r e i n   t he   p r i m a r y   a l c o h o l   i s  

m e t h a n o l   and  the   a l d e h y d e   is  f o r m a l d e h y d e .  

18.  The  p r o c e s s   of  c l a i m   15  w h e r e i n   the   p r i m a r y   a l c o h o l  

is  m e t h a n o l   and  the   a l d e h y d e   is   a c e t a l d e h y d e .  



19.  The  p r o c e s s   of  c l a im   15  w h e r e i n   the  p r i m a r y   a l c o h o l   i s  

e t h a n o l   and  the  a l d e h y d e   is  f o r m a l d e h y d e .  

20.  The  p r o c e s s   of  c l a i m   15  w h e r e i n   the  p r i m a r y   a l c o h o l   i s  

e t h a n o l   and  the  a l d e h y d e   is  a c e t a l d e h y d e .  

21.  The  p r o c e s s   of  c l a im   17,  18,  19,  or  20  w h e r e i n   t h e  

a l c o h o l   and  the  a l d e h y d e   are   bo th   in  vapo r   f o r m .  

22.  The  p r o c e s s   of  c l a i m   17,  18,  19,  or  20  w h e r e i n   t h e  

a l c o h o l   and  the  a l d e h y d e   are   bo th   in  l i q u i d   f o r m .  

23.  The  p r o c e s s   of  c l a im   17,  18,  19,  or  20  w h e r e i n   t h e  

a l c o h o l   is  in  l i q u i d   form  and  the  a l d e h y d e   is  in  v a p o r  

f o r m .  

24.  The  p r o c e s s   of  c l a i m   17,  18,  19,  or  20  w h e r e i n   the  a l c o -  

hol  is  in  vapor   form  and  the  a l d e h y d e   is  in  l i q u i d   f o r m .  

25.  A  p r o c e s s   for   p r e p a r i n g   the  f u e l   c o m p o s i t i o n   of  c l a i m   1 ,  

w h e r e i n   the  a l c o h o l   is  m e t h a n o l ,   c o m p r i s i n g :  

(1)  r e a c t i n g   c a r b o n   d i o x i d e   wi th   h y d r o g e n   to  f o r m  

m e t h a n o l ;  

(2)  r e a c t i n g  a   p o r t i o n   of  the  m e t h a n o l   formed  in  (a)  w i t h  

oxygen  or  a i r   in  the  p r e s e n c e   of  a  Cu-Ag  c a t a l y s t   t o  

form  an  a l d e h y d e ;   a n d  

(3)  r e a c t i n g   the  a l d e h y d e   formed  in  (2)  w i th   t h e  

r e m a i n i n g   m e t h a n o l   formed  in  (1)  in  the  p r e s e n c e  

of  a  g a s e o u s   h a l i d e   c a t a l y s t   to  form  the  f u e l   c o m p o s i t i o n .  

26.  A  method  of  o p e r a t i n g   an  i n t e r a l   c o m b u s t i o n   e n g i n e  

c o m p r i s i n g   u s i n g   the  c o m p o s i t i o n   of  c l a i m   1  as  a  f u e l .  
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