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process  tor  upgrading  hydrocarbon  fuels. 
57)  Hydrocarbon  fuels,  for  example  straight  run  gasoline 
ind  cat-cracked  spirit,  are  up-graded  by  reacting  the  fuel  with 
1  hydrocarbyl  hydroperoxide  at  a  temperature  greater  than 
he  decomposition  temperature  of  the  hydroperoxide  and  at 
1  pressure  sufficient  to  maintain  the  reactants  in  the  liquid 
)hase.  The  reaction  may  be  carried  out  in  the  presence  or 
ibsence  of  a  metal  catalyst  for  the  decomposition  of  the 
lydroperoxide  and  optionally  in  the  presence  of  a  solid  not 
jenerally  regarded  as  a  hydroperoxide  decomposition 
:atalyst,  e.g.  alumina,  silica  or  silica-alumina. 
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  Hydrocarbon  fuels,  for  example  straight  run  gasoline 
and  cat-cracked  spirit,  are  up-graded  by  reacting  the  fuel  with 
a  hydrocarbyl  hydroperoxide  at  a  temperature  greater  than 
the  decomposition  temperature  of  the  hydroperoxide  and  at 
a  pressure  sufficient  to  maintain  the  reactants  in  the  liquid 
phase.  The  reaction  may  be  carried  out  in  the  presence  or 
absence  of  a  metal  catalyst  for  the  decomposition  of  the 
hydroperoxide  and  optionally  in  the  presence  of  a  solid  not 
generally  regarded  as  a  hydroperoxide  decomposition 
catalyst,  e.g.  alumina,  silica  or  silica-alumina. 



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  p roces s   for  u p g r a d i n g  

hydrocarbon  f u e l s   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 .  

I n t e r n a l   combustion  engines   are  s o - c a l l e d   because  they  c o n v e r t  

the  l a t e n t   chemical   energy  of  t h e i r   f u e l s   to  u s e f u l   power  by  b u r n i n g  

the  f u e l s   i n s i d e   the  engine.   Both  p e t r o l   eng ines   and  d i e se l   e n g i n e s  

are  examples  of  i n t e r n a l   combustion  eng ines   and  are  m e c h a n i c a l l y  

s imi l a r   to  the  ex ten t   that   both  have  c y l i n d e r s   and  p i s t o n s   c o n n e c t e d  

to  a  f lywheel   by  a  c r a n k s h a f t ,   which  c o n v e r t s   the  r e c i p r o c a t i n g   a c t i o n  

of  the  p i s t o n   caused  by  sequenced  combust ion  of  the  fuel   to  the  r o t a r y  

ac t ion   needed  to  power  the  d r iv ing   wheels   of  the  v e h i c l e .   The  most  

s i g n i f i c a n t   d i f f e r e n c e   between  the  p e t r o l   and  the  d i e s e l   engine  is  t h e  

way  in  which  combustion  is  ach ieved .   In  the  p e t r o l   engine,   a  m i x t u r e  

of  p e t r o l   and  a i r   is  drawn  into  the  combust ion  chamber  by  the  a c t i o n  

of  the  p i s t o n ,   or  the  pe t ro l   can  be  i n j e c t e d   d i r e c t l y .   As  the  p i s t o n  

makes  i t s   r e t u r n   s t roke,   the  mixture   is   compressed  and  then  i g n i t e d   by 

an  e l e c t r i c   spark.  In  the  d i e s e l   engine  only  a i r   is  drawn  in to   t h e  

combustion  chamber.  Once  it  has  been  compressed  by  the  p i s t o n   (to  a  

much  h igher   p r e s su re   than  in  the  p e t r o l   e n g i n e ) ,   d i e s e l   fuel   i s  

i n j e c t e d   in to   the  combustion  chamber,  wherein   i t   i g n i t e s   s p o n t a n e o u s l y  

due  to  the  heat  that   has  been  gene ra t ed   by  compress ion  in  t h e  -  

c y l i n d e r .   The  present   i n v e n t i o n   is  concerned  only  with  f u e l s   f o r  

s p a r k  i g n i t i o n   i n t e r n a l   combustion  e n g i n e s ,   as  opposed  to  d i e s e l  

eng ines .   The  term  spark  i g n i t i o n   engine  i n c l u d e s   not  only  t h e  

a f o r e s a i d   r e c i p r o c a t i n g   p i s ton   type  engine  but  also  the  r o t a ry   p i s t o n  
eg ine ; ,wconven t3 .ona l l y   r e f e r r e d   to  as  the  Wankel  engine,   and  any 

m o d i f i c a t i o n s   br  v a r i a t i o n s   of  such  e n g i n e s .  



The  combustion  p r o p e r t i e s   of  the  fuel   are  of  prime  importance  t o  

engine   per formance .   Thus  p e t r o l   must  v o l a t i l i s e ,   i g n i t e   e a s i l y   and 

burn  p r o g r e s s i v e l y   to  ensure  smooth  combustion  and  e f f i c i e n t   eng ine  

pe r fo rmance .   Spontaneous   or  premature   e x p l o s i o n ,   g iv ing  r i s e   to  a 

m e t a l l i c   knocking  ( "knock")   sound  and  to  a  loss   of  power,  i s  

u n d e s i r a b l e   in  p e t r o l   eng ines .   A  d e s i r a b l e   p rope r ty   of  a  spa rk  

i g n i t i o n   fuel   is  t h e r e f o r e   a  high  knock  r e s i s t a n c e ,   which  is  measured 

in  terms  of  octane  r a t i n g .   The  h igher   the  octane  r a t i n g ,   the  h i g h e r  

is  the  f u e l ' s   knock  r e s i s t a n c e .   Another  d e s i r a b l e   p rope r ty   for  a  

spark  i g n i t i o n   fuel  is  good  v o l a t i l i t y ,   the  fuel   must  v a p o u r i s e  

a d e q u a t e l y   to  form  a  r e a d i l y   combust ib le   mixture   in  the  combus t ion  

chamber,  but  it   must  not  be  so  v o l a t i l e   that   i t   t u rns   into  a  vapour  i n  

the  fue l   system,  o the rwise   a  phenomenon  ca l l ed   vapour  lock  wi l l   o c c u r ,  

which  m a n i f e s t s   i t s e l f   in  the  p h y s i c a l   symptom  of  s t a l l i n g .  

US  Pa t en t   No.  3 ,879 ,467   d e s c r i b e s   a  method  for  the  c a t a l y t i c  

o x i d a t i o n   of  e i t h e r   s t r a i g h t   chain,   branched  chain  or  c y c l i c   C3  to  C20 
a l k a n e s   or  mono-o l e f in s   to  form  a l c o h o l s   and  ke tones   using  t e r t i a r y  

bu ty l   hydroperox ide   in  the  p resence   of  a  chromium  c a t a l y s t   a t  

r e l a t i v e l y   low  t e m p e r a t u r e s .   Chromium  c a t a l y s t s   are  said  to  be  

s u p e r i o r   to  other  metal  c a t a l y s t s   known  to  decompose  h y d r o p e r o x i d e s ,  

for  example  p la t inum,   p a l l a d i u m ,   rhenium,  t h a l l i u m ,   t h o r i u m ,  

manganese,   coba l t ,   i ron,   z i r con ium,   n i c k e l ,   z inc ,   cesium,  c o p p e r ,  

an t imony,   bismuth,   lead,   a r s e n i c ,   molybdenum,  vanadium,  tungs ten   and 

t i t a n i u m .  

US  Pa ten t   No.  4 ,104 ,036   d e s c r i b e s   an  improved  fuel   c o m p o s i t i o n ,  

e .g .   for  f ue l i ng   an  i n t e r n a l   combustion  engine ,   compris ing   a  major  

amount  of  hydrocarbons   b o i l i n g   in  the  ga so l ine   b o i l i n g   range;  a  minor  

amount  of  at  l e a s t   one  hydrocarbon   soluble   compound  of  a  m e t a l  

s e l e c t e d   from  the  group  c o n s i s t i n g   of  Group  VIII  meta ls   and  m i x t u r e s  

t h e r e o f   capable  of  improving  the  octane  number  r a t i n g   of  t h e  

compos i t i on ;   a  minor  amount  of  at  l e a s t   one  a l i p h a t i c   a l c o h o l  

c o n t a i n i n g   from  about  1  to  about  8  carbon  atoms  per  molecule;   and  a  
minor  amount  of  at  l e a s t   one  o rgan ic   peroxy  component  c o n t a i n i n g   f rom 

1  to  about  20  carbon  atoms  per  molecule ,   wherein  the  compound  and  t h e  

combina t ion   of  a lcohol   and  peroxy  component  are  p r e sen t   in  m u t u a l l y  



a c t i v a t i n g   amounts  to  improve  the  octane  number  r a t i n g   of  the  f u e l  

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

We  have  now  found  tha t   hydrocarbon   fue l s   for  spark  i g n i t i o n  

i n t e r n a l   combustion  eng ines   can  be  upgraded,   tha t   is  to  say  that   one 

or  more  of  the  a f o r e s a i d   d e s i r a b l e   c h a r a c t e r i s t i c s   can  be  improved,  by 

r e a c t i n g   the  fuel   with  a  h y d r o c a r b y l   h y d r o p e r o x i d e .  

Accordingly  the  p r e s e n t   i n v e n t i o n   p rov ides   a  p rocess   f o r  

upgrading   a  hydrocarbon  fuel   for  a  spark  i g n i t i o n   i n t e r n a l   combus t ion  

engine  which  process   compr ises   r e a c t i n g   the  hydrocarbon   fuel   with  a 

hydroca rby l   hydroperox ide   at  a  t e m p e r a t u r e   g r e a t e r   than  t h e  

decompos i t ion   t empera tu re   of  the  hydroca rby l   h y d r o p e r o x i d e   and  at  a  

p r e s s u r e   s u f f i c i e n t   to  ma in t a in   the  r e a c t a n t s   in  the  l i q u i d   p h a s e .  

As  the  hydrocarbon  fuel   there   may  be  used  a  g a s o l i n e ,   i . e .   a  

pe t ro leum  d i s t i l l a t e ,   normal ly   b o i l i n g   up  to  200°C.  Su i t ab ly   t h e  

ga so l i ne   may  be,  for  example,  a  s t r a i g h t   run  g a s o l i n e ,   that   is  a  

g a s o l i n e   f r a c t i o n   produced  d i r e c t l y   from  crude  oi l   by  d i s t i l l a t i o n   b u t  

not  cracked  or  reformed,   or  a  c a t - c r a c k e d   s p i r i t ,   tha t   is  a  g a s o l i n e  

f r a c t i o n   obtained  by  c a t a l y t i c   c rack ing   of  a  heavy  h y d r o c a r b o n  

f r a c t i o n .   Genera l ly ,   a  s t r a i g h t - r u n   ga so l i ne   p r i n c i p a l l y   c o m p r i s e s  

p a r a f f i n s ,   a romat ics   and  naph thenes .   On  the  o ther   hand,  a  c a t - c r a c k e d  

s p i r i t   g ene ra l l y   comprises   o l e f i n s ,   p a r a f f i n s   and  a r o m a t i c  

hydroca rbons ,   the  p a r a f f i n s   p r i n c i p a l l y   compris ing   i s o p a r a f f i n s .   The 

d e t a i l e d   composi t ions   of  the  a f o r e s a i d   g a s o l i n e s   w i l l   depend  on  t h e  

r e l a t i v e   amounts  of  the  p r i n c i p a l   components  of  the  crude  oil   f rom 

which  the  g a s o l i n e s   are  d e r i v e d .  

The  hydrocarbyl   group  of  the  hydroca rby l   hyd rope rox ide   may 
s u i t a b l y   be  an  a lky l ,   c y c l o a l k y l ,   a ryl   or  a l k a r y l   group.  Examples  o f  

s u i t a b l e   hydrocarbyl   h y d r o p e r o x i d e s   inc lude   t - b u t y l   h y d r o p e r o x i d e ,  

cumyl  hydroperox ide ,   cyc lohexyl   hydrope rox ide   and  phenyl  e thyl   h y d r o -  

peroxide ,   of  which  t - b u t y l   hyd rope rox ide   is  p r e f e r r e d .   H y d r o c a r b y l  

hydrope rox ides   may  be  p repared   in  known  manner  by  o x i d a t i o n   of  t h e  

co r respond ing   hydrocarbon,   for  example  t - b u t y l   hyd rope rox ide   may  be 

prepared   by  the  o x i d a t i o n   of  i s o b u t a n e .   The  molar  r a t i o   o f  

hydroca rby l   hydroperoxide   to  the  hydrocarbon  fuel   r e a c t a n t   may  be 

va r i ed   over  a  wide  range.   For  high  u t i l i s a t i o n   of  the  h y d r o p e r o x i d e  



r e a c t a n t ,   low  s tand ing   c o n c e n t r a t i o n s   of  the  hyd rope rox ide   a r e  

p r e f e r r e d .  

In  a  p r e f e r r e d   embodiment  the  p rocess   of  the  i n v e n t i o n   i s  

ope ra ted   in  the  absence  of  a  metal  c a t a l y s t   a c t i v e   for  t h e  

decompos i t i on   of  h y d r o c a r b y l   h y d r o p e r o x i d e s .   Problems  a s s o c i a t e d   w i t h  

the  s e p a r a t i o n   and  recovery   of  a  c a t a l y s t   are  t he reby   a v o i d e d .  

It  can  be  advan tageous   in  c e r t a i n   c i r c u m s t a n c e s   to  e f f e c t   t h e  

r e a c t i o n   of  the  hydrocarbon   fuel   with  the  h y d r o c a r b y l   hydroperoxide   i n  

the  presence   of  so l i d s   g e n e r a l l y   regarded  as  i n e r t   as  c a t a l y s t s   f o r  

the  decompos i t i on   of  hyd roca rby l   h y d r o p e r o x i d e s .   S u i t a b l e   s o l i d s  

inc lude   c lays   and  a l u m i n o s i l i c a t e   z e o l i t e s ,   which  may  be  n a t u r a l   o r  

s y n t h e t i c ,   a c t i v e   carbons  and  r e f r a c t o r y   ox ides ,   for  example  s i l i c a ,  

alumina  or  s i l i c a - a l u m i n a .  

In  another   embodiment,  the  p rocess   of  the  p r e s e n t   i nven t ion   i s  

ope ra ted   in  the  p resence   of  a  c a t a l y s t   a c t i v e   for  the  decomposi t ion  o f  

h y d r o c a r b y l   h y d r o p e r o x i d e s .   The  c a t a l y s t   for  the  decompos i t ion   o f  

h y d r o c a r b y l   h y d r o p e r o x i d e s   may  su i t ab ly   be  one  or  more  of  the  m e t a l s  

rhodium,  ru thenium,   chromium,  p la t inum,   p a l l a d i u m ,   rhenium,  t h a l l i u m ,  

thor ium,   manganese,  c o b a l t ,   i ron ,   z i rconium,   n i c k e l ,   z inc,   c ae s ium,  

copper ,   antimony  bismuth,   lead,   a r s e n i c ,   molybdenum,  vanadium,  

t u n g s t e n   and  t i t a n i u m   in  e l ementa l   or  compound  form.  P r e f e r r e d   m e t a l s  

i nc lude   rhodium,  ru thenium,   chromium,  c o b a l t ,   i ron   and  manganese.  

Although  the  metal  in  f i n e l y   d ivided  form  may  be  employed,  i t   i s  

p r e f e r r e d   to  use  a  compound,  su i t ab ly   a  s a l t   or  a  complex,  of  t h e  

meta l .   S u i t a b l e   compounds  of  the  metals   i nc lude   the  c a r b o n y l s ,  

a c e t a t e s ,   a c e t y l - a c e t o n a t e s ,   porphyr in   complexes,   p h t h a l o c y a n i n e  

complexes  and  the  1 , 3 - b i s ( p y r i d y l a m i n o )   i s o i n d o l i n e s .   The  process   may 
s u i t a b l y   be  opera ted   in  the  l i qu id   phase  us ing  a  c a t a l y s t   soluble  i n  

the  r e a c t i o n   mixture   or  in  the  l i qu id   phase  us ing   an  i n s o l u b l e  

c a t a l y s t   suspended  t h e r e i n   or  in  the  l i q u i d   phase  using  a  suppo r t ed  

c a t a l y s t .   S u i t a b l e   suppor t s   inc lude   r e f r a c t o r y   ox ides ,   such  a s  

s i l i c a ,   alumina  and  s i l i c a - a l u m i n a ,   a l u m i n o s i l i c a t e   z e o l i t e s ,   c l a y s  
and  a c t i v e   carbon.   The  supported  c a t a l y s t   may  be  prepared  by  any 
s u i t a b l e   c o n v e n t i o n a l   t e chn ique ,   such  as  by  i m p r e g n a t i o n   from  an 

aqueous  or  o rgan ic   s o l u t i o n ,   ion-exchange ,   p r e c i p i t a t i o n   and 



c o - p r e c i p i t a t i o n .   It  is  p r e f e r r e d   to  use  a  suppor ted   c a t a l y s t   in  t h e  

form  for  example  of  a  f ixed  bed,  a  moving  bed  or  a  f l u i d i s e d   bed.  The 

amount  of  c a t a l y s t   added  in  a  batch  process   may  s u i t a b l y   be  in  t h e  

range  from  0.001  to  10%,  p r e f e r a b l y   from  0.01  to  5%  by  weight ,   b a s e d  

on  the  t o t a l   weight  of  the  r e a c t a n t s .  

The  p rocess   must  be  opera ted   at  a  t e m p e r a t u r e   above  t h e  

decompos i t ion   t e m p e r a t u r e   of  the  hydrocarby l   h y d r o p e r o x i d e .   The 

p a r t i c u l a r   t empera tu re   employed  wi l l   depend  on  the  na ture   of  t h e  

hyd roca rby l   hyd rope rox ide   to  be  used.  G e n e r a l l y ,   in  the  absence  of  a 

c a t a l y s t   for  the  decompos i t i on   of  hydrocarby l   h y d r o p e r o x i d e s   t h e  

t empera tu re   wi l l   be  g r e a t e r   than  125°C.  Using  t - b u t y l   h y d r o p e r o x i d e ,  

for  example,  the  t e m p e r a t u r e   may  su i t ab ly   be  in  the  range  from  125  t o  

250uC,  p r e f e r a b l y   from  150  to  225°C.  It  wi l l   be  a p p r e c i a t e d   by  t h o s e  

s k i l l e d   in  the  art   tha t   the  presence  of  a  c a t a l y s t   for  t h e  

decompos i t ion   of  a  h y d r o c a r b y l   hydroperoxide   may  c o n s i d e r a b l y   l o w e r  

the  decompos i t ion   t e m p e r a t u r e .   Although  it   may  be  p o s s i b l e   to  employ 

a tmospher ic   p r e s su re   us ing  h igher   bo i l i ng   hydroca rbon   f u e l s   and  l o w e r  

r e a c t i o n   t e m p e r a t u r e s ,   it  w i l l   usua l ly   be  n e c e s s a r y   to  use  e l e v a t e d  

p r e s s u r e s   in  order  to  ma in ta in   the  r e a c t a n t s   in  the  l i q u i d   p h a s e .  

Since  it   is  p o s s i b l e   tha t   not  al l   the  h y d r o c a r b y l   h y d r o p e r o x i d e  

added  wi l l   be  consumed  in  the  process   of  the  i n v e n t i o n ,  

p a r t i c u l a r l y   when  the  p roces s   is  opera ted  in  the  p re sence   of  a  

c a t a l y s t   for  the  decompos i t ion   of  hydroca rby l   h y d r o p e r o x i d e s ,   in  a  

f i n a l   step  the  t e m p e r a t u r e   may  be  ra i sed   above  the  r e a c t i o n  

t empera tu re   for  a  per iod   such  as  to  e f f e c t   decompos i t i on   of  t h e  

h y d r o p e r o x i d e .  

The  i n v e n t i o n   may  be  opera ted   batchwise  or  c o n t i n u o u s l y ,  

p r e f e r a b l y   c o n t i n u o u s l y .  

Oxygenated  hyd roca rbons ,   p a r t i c u l a r l y   h y d r o x y l a t e d   and  k e t o n i s e d  

p a r a f f i n s ,   can  r e s u l t   fom  p a r t i c i p a t i o n   of  the  a l k a n e s   component  o f  

the  fuel   in  the  decompos i t ion   of  the  hydrope rox ide   to  t h e  

co r re spond ing   a l c o h o l .   Oxygenated  hydrocarbons ,   as  is  well-known,  can  

i n c r e a s e   the  octane  r a t i n g   of  fue l s   in  which  they  are  p r e s e n t .  

Fur the rmore ,   the  a l coho l   formed  by  decomposi t ion   of  the  h y d r o p e r o x i d e  

can  boost  the  octane  r a t i n g .   For  example,  t - b u t a n o l ,   formed  by 



can  boost  the  octane  r a t i n g .   For  example,  t - b u t a n o l ,   formed  by 

decompos i t ion   of  t - b u t y l   h y d r o p e r o x i d e ,   is  a  known  f u e l s   supp lemen t .  

The  o l e f i n s   component  of  the  fue l ,   too,  can  p a r t i c i p a t e   in  t h e  

r e a c t i o n   to  give  oxygenated  p r o d u c t s .  

The  i n v e n t i o n   w i l l   now  be  i l l u s t r a t e d   by  r e f e r e n c e   to  t h e  

fo l lowing   Examples.  In  the  Examples  the  a b b r e v i a t i o n s   "TBA"  and 

"TBHP"  r e p r e s e n t   t e r t i a r y - b u t y l   a lcohol   and  t e r t i a r y - b u t y l  

hydroperox ide   r e s p e c t i v e l y .  

Octane  Ra t ings   were  de termined  by  the  CFR  engine  t e s t   method 

accord ing   to  ASTM  D2699  and  D2700  on  10%  vol .   b lends   in  an  a r o m a t i c  

ba se  s t ock .  

Example  1 

100ml  of  a  mixture   of  a  s t r a i g h t - r u n   g a s o l i n e   and  TBHP  (65%  w/w 

s o l u t i o n   in  TBA)  were  mixed  in  a  weight  r a t i o   of  3 .5 :1   and  h e a t e d  

t o g e t h e r   for  2  hours   at  200°C  in  a  200ml  s t a i n l e s s   s t e e l   a u t o c l a v e .  

T h e r e a f t e r   the  bomb  was  al lowed  to  cool  and  the  RON  and  MON  of  t h e  

r e s u l t i n g   product   were  measured.   The  va lues   of  the  RON  and  MON 

obta ined   are  given  in  the  T a b l e .  

Example  2 

The  procedure   of  Example  1  was  r epea t ed   except   tha t   the  w e i g h t  
r a t i o   of  s t r a i g h t - r u n   g a s o l i n e   to  TBHP  was  reduced  to  2 : 1 .  

Comparison  Test  1 

The  s t r a i g h t - r u n   g a s o l i n e   as  used  in  Example  1  was  mixed  with  TBA 

in  an  amount  e q u i v a l e n t   to  the  amount  tha t   would  be  formed  by  comple t e  

decomposi t ion   of  TBHP  in  the  p r o p o r t i o n   as  used  in  Example  1  i n t o  

TBA.  The  mixture  was  heated  at  200°C  for  2  hours   in  a  200ml  s t a i n l e s s  

s t e e l   a u t o c l a v e .   The  bomb  was  then  allowed  to  cool  and  the  RON  and 

MON  of  the  r e s u l t i n g   mixture   d e t e r m i n e d .  

Example  3 

100ml  of  a  mixture   of  the  s t r a i g h t - r u n   g a s o l i n e   as  used  i n  

Example  1  and  TBHP  (65%  s o l u t i o n   in  TBA)  were  mixed  in  a  weight  r a t i o  
of  3.5:1  and  heated  t o g e t h e r   for  16  hours  at  80°C  in  the  presence  of  a  
5%  pla t inum  on  alumina  c a t a l y s t   ( 0 .5g ) .   The  c a t a l y s t   was  f i l t e r e d   o f f  
and  the  mixture  was  heated  in  a  200ml  s t a i n l e s s   s t e e l   au toc lave   f o r  
2  hours  at  200°C  to  decompose  any  r e s i d u a l   d i a l k y l   pe rox ides .   The 



product  were  m e a s u r e d .  

Example  4 

The  procedure   of  Example  3  was  r epea t ed   using  a  5X  ruthenium  on 

alumina  c a t a l y s t   (0 .5g)   in  place  of  the  p la t inum  on  a l u m i n a  

c a t a l y s t .  

The  RON  and  MON  r e s u l t s   for  Examples  2  to  4  and  Compar i son  

Test  1  t o g e t h e r   with  the  RON  and  MON  f i g u r e s   for  the  u n t r e a t e d  

s t r a i g h t - r u n   g a s o l i n e   are  given  in  the  f o l l owing   Table  1 .  

The  improvements  in  octane  r a t i n g s   ob ta ined   in  the  absence  of  a  

c a t a l y s t   for  the  decompos i t ion   of  the  hydrope rox ide   (cf  Examples  1 

and  2)  are  comparable  with  or  b e t t e r   than  those  ob ta ined   using  a  

c a t a l y s t   at  lower  t e m p e r a t u r e s   (cf  Examples  3  and  4 ) .  

Moreover  these  improvements  are  ob ta ined   over  c o n s i d e r a b l y   s h o r t e r  

r e a c t i o n   pe r iods .   All  the  Examples  demons t r a t e   an  improvement  i n  

octane  r a t i ng   over  Comparison  Test  1 .  

Example  5 

t -Bu ty l   hydroperox ide   (20  cm3  of  8.5  M  t - b u t y l   hydroperoxide   i n  

t - b u t a n o l )   was  added  dropwise  over  0.5  hour  to  a  s t i r r e d   f l a s k  

c o n t a i n i n g   a  s t r a i g h t - r u n   gaso l ine   (100  cm3)  and  F e ( I I ) ( T p p ) . 2 T H F  

(0.2g)   under  an  i n e r t   atmosphere  of  n i t r o g e n .   The  r e s u l t i n g  

s o l u t i o n   was  s t i r r e d   for  16  hours  and  t r a n s f e r r e d   to  an  a u t o c l a v e .  

The  au toc lave   was  heated  for  16  hours  at  200°C  and  cooled.   The 

r e s u l t i n g   so lu t ion   was  f i l t e r e d   to  remove  the  decomposed  c a t a l y s t .  
The  f i l t r a t e   ga so l ine   was  analysed  by  GLC  and  i t s   octane  r a t i n g s  



d e t e r m i n e d .   The  r e s u l t s   of  the  octane  r a t i n g   d e t e r m i n a t i o n s   are  g i v e n  

in  the  T a b l e .  

The  t r e a t e d   g a s o l i n e   was  shown  to  con ta in   numerous  o x y g e n a t e s  

c o r r e s p o n d i n g   to  the  o x i d a t i o n   p roduc t s   of  the  i n i t i a l   c o n s t i t u e n t s   of  

the  g a s o l i n e .   P r i n c i p a l   amongst  these  w e r e : -  

p e n t a n - 2 - o n e  

2-methyl   b u t a n - 2 - o l  

v a r i o u s   C6  a l c o h o l s  

c y c l o h e x a n o l  

c y c l o h e p t a n o l  

3-methyl   c y c l o p e n t a n o n e  

methyl  phenyl  k e t o n e  

Example  6 

The  p rocedure   of  Example  5  was  repea ted   except  t h a t  

F e ( I I ) ( T p p ) . 2 T H F   was  r e p l a c e d   by  F e ( I I I ) ( T p p ) C l   ( 0 . 2 g ) .  

Example  7 

The  p rocedure   of  Example  5  was  r epea ted   except   t h a t  

F e ( I I ) ( T p p ) . 2 T H F   was  r e p l a c e d   by  10X  ruthenium  supported  on  ca rbon  

( O . l g ) .  

Comparison  Test  2 

The  Research  Octane  No  (RON)  and  Motor  Octane  No  (MON)  of  t h e  

s t r a i g h t - r u n   g a s o l i n e   (SRG)  as  used  in  Examples  5  to  7  were  

d e t e r m i n e d .   The  RON  was  65.6  and  the  MON  was  6 4 . 4 .  

Comparison  Test  3 

t - B u t a n o l   (20  cm3)  was  added  dropwise  to  a  s o l u t i o n   of  t h e  

s t r a i g h t - r u n   ga so l i ne   as  used  in  Examples  5  to  7  (100  cm3)  c o n t a i n i n g  

F e ( I I I ) ( T p p ) C l   ( 0 . 2 g ) .   The  s o l u t i o n   was  s t i r r e d   for  16  hours  and 

t h e r e a f t e r   the  p rocedure   of  Example  5  was  employed.  

This  is  not  an  example  accord ing   to  the  p r e sen t   i n v e n t i o n  

because   hydroca rby l   h y d r o p e r o x i d e   was  not  added.  It  is  included  f o r  

the  purpose  of  comparison  o n l y .  

The  r e s u l t s   of  the  octane  r a t i n g   d e t e r m i n a t i o n s   for  Examples  5  t o  
7  and  Comparison  Tes t s   2  and  3  are  given  in  Table  2 .  



I t   can  be  seen  from  the  r e s u l t s   in  Table  2  tha t   add i t i on   o f  

t - b u t a n o l   alone  leads   to  an  improvement  in  octane  r a t i n g .   The 

improvement  in  octane  r a t i n g   r e s u l t i n g   from  c a t a l y t i c a l l y   decompos ing  

t - b u t y l   hydroperoxide   in  the  ga so l ine   is  in  excess   of  that   a s c r i b a b l e  

to  the  format ion  of  t - b u t a n o l .  



1.  A  p r o c e s s   for  u p - g r a d i n g   a  hydrocarbon  fuel   for  a  spark  i g n i t i o n  

i n t e r n a l   combust ion  engine  which  p rocess   comprises   r e a c t i n g   t h e  

hydrocarbon  fue l   with  a  h y d r o c a r b y l   hyd rope rox ide   at  a  t e m p e r a t u r e  

g r e a t e r   than  the  decompos i t i on   t empera tu re   of  the  h y d r o c a r b y l  

hyd rope rox ide   and  at  a  p r e s s u r e   s u f f i c i e n t   to  ma in ta in   the  r e a c t a n t s  

in  the  l i q u i d   p h a s e .  

2.  A  p roce s s   acco rd ing   to  claim  1  wherein   the  hydrocarbon   fuel  is  a  

s t r a i g h t   run  g a s o l i n e .  

3.  A  p r o c e s s   accord ing   to  claim  1  wherein  the  hydrocarbon   fuel   is  a  

c a t - c r a c k e d   s p i r i t .  

4.  A  p r o c e s s  a c c o r d i n g   to  any  one   of  the  p reced ing   claims  w h e r e i n  

the  h y d r o c a r b y l   h y d r o p e r o x i d e   is  t - b u t y l   h y d r o p e r o x i d e .  

5.  A  p r o c e s s   acco rd ing   to  any  one  of  the  p reced ing   c la ims  w h e r e i n  

the  h y d r o c a r b y l   h y d r o p e r o x i d e   is  r eac ted   with  the  hydrocarbon  fuel  i n  

the  absence  of  a  metal   c a t a l y s t   a c t i ve   for  the  decompos i t i on   o f  

h y d r o c a r b y l   h y d r o p e r o x i d e s .  

6.  A  p r o c e s s   acco rd ing   to  any  one  of  the  p reced ing   c laims  w h e r e i n  

the  h y d r o c a r b y l   h y d r o p e r o x i d e   is  r eac ted   with  the  hydrocarbon  fuel  i n  

the  p resence   of  one  or  more  so l i d s   s e l ec t ed   from  c l a y s ,  

a l u m i n o s i l i c a t e   z e o l i t e s ,   a c t i v e   carbons  and  r e f r a c t o r y   o x i d e s .  

7.  A  p r o c e s s   acco rd ing   to  claim  6  wherein  the  sol id   is  a  r e f r a c t o r y  
oxide  which  is   e i t h e r   s i l i c a ,   alumina  or  s i l i c a - a l u m i n a .  

8.  A  p roce s s   accord ing   to  any  one  of  c laims  1  to  4,  6  and  7  w h e r e i n  

the  h y d r o c a r b y l   h y d r o p e r o x i d e   is  r eac ted   with  the  hydrocarbon  fuel  i n  

the  p resence   of  a  c a t a l y s t   a c t i v e   for  the  decompos i t ion   of  h y d r o c a r b y l  
h y d r o p e r o x i d e s .  



9.  A  p rocess   accord ing   to  claim  8  wherein  the  c a t a l y s t   is  one  o r  

more  of  the  meta ls   rhodium,  ru thenium,   chromium,  c o b a l t ,   i ron  and 

manganese  in  e l emen ta l   or  compound  fo rm.  

10.  A  p rocess   accord ing   to  e i t h e r   claim  8  or  claim  9  where in   t h e  

c a t a l y s t   is  supported  on  e i t h e r   a  c lay,   an  a l u m i n o s i l i c a t e   z e o l i t e ,   an 

a c t i v e   carbon  or  a  r e f r a c t o r y   o x i d e .  
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