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BACKGROUND  OF  THE  INVENTION 

T h i s   i n v e n t i o n   r e l a t e s   to  h y d r o c a r b o n   f u e l s   a n d  

more   p a r t i c u l a r l y   to   h y d r o c a r b o n   f u e l s   h a v i n g   a  r e d u c e d  

t e n d e n c y   to   f o rm  an  e x p l o s i v e   m i s t   when  s u b j e c t e d   to  s h o c k .  

When  h y d r o c a r b o n   f u e l s   a r e   s u b j e c t e d   to  s e v e r e  

s h o c k ,   t h e r e   i s   a  t e n d e n c y   f o r   t h e   f u e l   to  a t o m i z e   a n d  

f o r m   a  m i s t   w h i c h   upon   c o n t a c t   w i t h   a  s p a r k   or   ho t   e n g i n e  

p a r t   can   i g n i t e   and  fo rm  a  f i r e   b a l l .   The  p r o b l e m   i s  

p a r t i c u l a r l y   a c u t e   in  c r a s h e s   of  a i r c r a f t   in  w h i c h   t h e  

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

c o m b i n a t i o n   w i t h   t h e   s u d d e n   r u s h   of  a i r   c a u s e s   t he   f u e l   t o  

r a p i d l y   a t o m i z e   and  f o r m   a  l a r g e   h i g h l y   e x p l o s i v e   m i s t .  

F i r e s   c a u s e d   f r o m   i g n i t i o n   of   m i s t   f o r m e d   when  p l a n e s  

c r a s h   o f t e n   e n v e l o p e   t h e   a i r c r a f t   and  c a u s e   t he   d e a t h   o r  

s e r i o u s   i n j u r y   of  many  p a s s e n g e r s   who  w o u l d   s u r v i v e   t h e  

c r a s h   in  t h e   a b s e n c e   of   t h e   f i r e .   For   many  y e a r s ,   t h e  

F e d e r a l   A v i a t i o n   A d m i n i s t r a t i o n   has   t e s t e d   a n t i m i s t i n g  

a d d i t i v e s   w h i c h   when  a d d e d   to   j e t   f u e l s   w o u l d   r e d u c e   o r  

e l i m i n a t e   t h e   h a z a r d   of  f l a s h   f i r e s   in  a i r c r a f t   c r a s h e s .  

E a r l y   r e s e a r c h   e f f o r t s   w e r e   b a s e d   on  t h e   use   of  t h i x o t r o p i c  

a g e n t s   w h i c h ,   when  i n c o r p o r a t e d   i n t o   h y d r o c a r b o n   f u e l s ,  

c a u s e d   t h e   f u e l   to   g e l   upon   s u d d e n   i m p a c t .   T h e s e   c o m p o s i -  

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

and  p u m p i n g   p r o b l e m s   a s s o c i a t e d   w i t h   t h e   u se   of  t h e s e  

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

PRIOR  ART 

High   m o l e c u l a r   w e i g h t   o r g a n i c   p o l y m e r s   have   f o r  

s o m e t i m e   b e e n   i n v e s t i g a t e d   f o r   use   as  a n t i m i s t i n g   a g e n t s  

f o r   h y d r o c a r b o n   f u e l s .   U . S .   P a t e n t   3 , 9 9 8 , 6 0 5 ,   i s s u e d   t o  



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

and  a  h i g h e r   o l e f i n   as  an  a d d i t i v e   f o r   g a s   t u r b i n e   a v i a t i o n  

f u e l s   to   r e d u c e   t h e   t e n d e n c y   of  t he   f u e l   to  form  m i s t  

p a r t i c l e s   u n d e r   s h o c k   c o n d i t i o n s .   U .S .   P a t e n t   3 , 9 2 5 , 0 3 2 ,  

i s s u e d   to   Osmond  e t   a l ,   d i s c l o s e s   t he   u se   of  a l k y l s t y r e n e  

h o m o p o l y m e r s   and  c o p o l y m e r s   as  a d d i t i v e s   f o r   a i r c r a f t  

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

d i s s e m i n a t i o n   when  s u b j e c t e d   to   s h o c k .   U .S .   P a t e n t   3 , 9 9 6 , 0 2  

i s s u e d   to   Osmond  e t   a l ,   d i s c l o s e s   t he   u se   of  c o p o l y m e r s   o f  

e t h y l e n i c a l l y   u n s a t u r a t e d   h y d r o c a r b o n s   s u c h   as  i s o b u t y l e n e ,  

b u t a d i e n e ,   i s o p r e n e   and  m i x t u r e s   of  e t h y l e n e   and  p r o p y l e n e .  

T h i s   p a t e n t   a l s o   d i s c l o s e s   t h a t   h i g h e r   o l e f i n s   such   a s  

p e n t e n e ,   h e x e n e   and  h i g h e r   h o m o l o g s   may  be  i n c l u d e d   in  t h e  

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

c h a i n   l e n g t h   to   w e i g h t   r a t i o .   U .S .   P a t e n t   4 , 3 5 6 , 0 0 3 ,  

i s s u e d   to   B r o o k s   e t   a l ,   d i s c l o s e s   t h e   use   of  t e r p o l y m e r s  

of  t e r t i a r y   b u t y l s t y r e n e ,   m e t h a c r y l i c   a c i d   and  a  t h i r d  

m o n o m e r   s e l e c t e d   f rom  a c r y l i c   and  m e t h a c r y l i c   e s t e r s   o f  

a l i p h a t i c   m o n o h y d r i c   a l c o h o l s ,   a c r y l o n i t r i l e ,   v i n y l   a c e t a t e ,  

s t y r e n e   and  v i n y l   t o l u e n e .   E u r o p e a n   P a t e n t   A p p l i c a t i o n  

p u b l i c a t i o n   n u m b e r   0 , 0 1 9 , 3 9 0 ,   i s s u e d   to  B r o o k s   e t   a l ,  

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

a c r y l i c   and  m e t h a c r y l i c   e s t e r s   of  a l i p h a t i c   m o n o h y d r i c  

a l c o h o l s   and  m e t h a c r y l i c   a c i d   as  a  p o l y m e r i c   a d d i t i v e   f o r  

a v i a t i o n   f u e l s .   U .S .   P a t e n t   4 , 2 8 9 , 6 7 9 ,   i s s u e d   to  M a c k ,  

d i s c l o s e s   t he   p r e p a r a t i o n   of  h o m o p o l y m e r s   and  c o p o l y m e r s  

of  a l p h a - m o n o o l e f i n s .   T h i s   p a t e n t   s t a t e s   t h a t   t h e s e   p o l y -  

m e r s   a r e   u s e f u l   as  a n t i m i s t   a g e n t s   f o r   f u e l s .   T h e s e  

p a t e n t s   show  t he   c o n s i d e r a b l e   e f f o r t   t h a t   has   been  p u t  

i n t o   r e s e a r c h   to  f i n d   a d d i t i v e s   f o r   f u e l s   w h i c h   w i l l   r e -  



d u c e   or   e l i m i n a t e   t h e   t e n d e n c y   of  t h e   f u e l   to   form  a  m i s t  

when  s u b j e c t e d   to   a  s h o c k ,   and  y e t   w i l l   no t   a d v e r s e l y  

e f f e c t   t he   o t h e r   d e s i r a b l e   p r o p e r t i e s   of  a  f u e l ,   such   a s  

low  t e m p e r a t u r e   p u m p a b i l i t y .   A l t h o u g h   some  of  the   a b o v e  

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

t he   m i s t i n g   t e n d e n c y   of  f u e l s ,   none   of  them  is  c o m p l e t e l y  

s a t i s f a c t o r y   f rom  an  o v e r a l l   s t a n d p o i n t .   T h e r e   is  a  

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

SUMMARY  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   d i s c l o s e s   h i g h   m o l e c u l a r  

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

s u p e r i o r   a n t i m i s t i n g   p r o p e r t i e s .   A c c o r d i n g l y ,   i t   is   a n  

o b j e c t   of  t he   i n v e n t i o n   to   p r e s e n t   n o v e l   a n t i m i s t i n g  

a g e n t s   f o r   h y d r o c a r b o n   f u e l s .   I t   is   a n o t h e r   o b j e c t   o f  

t h e   i n v e n t i o n   to  p r e s e n t   h i g h   m o l e c u l a r   w e i g h t   p o l y m e r i c  

m a t e r i a l s   w h i c h   e f f e c t i v e l y   r e d u c e   t h e   t e n d e n c y   of  h y d r o -  

c a r b o n   f u e l s   to  f o rm  an  e x p l o s i v e   m i s t   upon  i m p a c t .   I t   i s  

a n o t h e r   o b j e c t   of  t h e   i n v e n t i o n   to   p r e s e n t   a  m e t h o d   o f  

r e d u c i n g   t h e   t e n d e n c y   of  h y d r o c a r b o n   f u e l s   to   form  e x -  

p l o s i v e   m i s t s   upon   i m p a c t .   I t   i s   a n o t h e r   o b j e c t   of  t h e  

i n v e n t i o n   to   p r e s e n t   a i r c r a f t   f u e l s   w h i c h   r e s i s t   t h e  

t e n d e n c y   to  fo rm  e x p l o s i v e   m i s t s   when  s u b j e c t e d   to  s h o c k .  

T h e s e   and  o t h e r   o b j e c t s   of  t h e   i n v e n t i o n   a r e   s u p p o r t e d   i n  

t he   f o l l o w i n g   d e s c r i p t i o n   and  e x a m p l e s .  

The  b e n e f i t s   of  t h e   i n v e n t i o n   a r e   r e a l i z e d   by  

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

h i g h   m o l e c u l a r   w e i g h t   c o p o l y m e r   of   b u t e n e - 1   and  at   l e a s t  

one  o t h e r   a l p h a - m o n o o l e f i n   h a v i n g   5  or  more   c a r b o n   a t o m s .  

In  a  p r e f e r r e d   e m b o d i m e n t   of  t h e   i n v e n t i o n   the   m o l e c u l a r  

w e i g h t   of  t he   c o p o l y m e r   i s   a t   l e a s t   5 0 0 , 0 0 0   and  most   p r e -  



f e r r a b l y   i s   in  t h e   r a n g e   of   a b o u t   1  to  20  m i l l i o n .   I t   i s  

a l s o   p r e f e r r e d   t h a t   t h e   c o n c e n t r a t i o n   of  t he   c o p o l y m e r   i n  

t h e   h y d r o c a r b o n   f u e l   is   in  t h e   r a n g e   of  a b o u t   0 . 0 0 1   to  5 

p e r c e n t   and  more   p r e f e r a b l y   a b o u t   0 . 0 1   to  2  p e r c e n t   b a s e d  

on  t h e   t o t a l . w e i g h t   of  h y d r o c a r b o n   f u e l   c o m p o s i t i o n .   P r e -  

f e r r e d   c o p o l y m e r s   a r e   t h o s e   of  b u t e n e - 1   and  at   l e a s t   o n e  

a l p h a - m o n o o l e f i n   h a v i n g   5  to  20  c a r b o n   a t o m s   and  mos t   p r e -  

f e r r a b l y   6  to   14  c a r b o n   a t o m s .  

DETAILED  DESCRIPTION  OF  THE  INVENTION 

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

b u t e n e - 1   and  a t   l e a s t   one  o t h e r   a l p h a - m o n o o l e f i n   h a v i n g   5 

or   more   c a r b o n   a t o m s .   P r e f e r r e d   c o p o l y m e r s   a r e   t h o s e   o f  

b u t e n e - 1   and  a t   l e a s t   one  o t h e r   a l p h a - m o n o o l e f i n   h a v i n g   5 

to  20  c a r b o n   a t o m s .   A l t h o u g h   a l p h a - m o n o o l e f i n s   h a v i n g  

more   t h a n   a b o u t   20  c a r b o n   a t o m s   can  be  u s e d   in  t he   i n v e n t -  

i o n ,   t h o s e   h a v i n g   20  or   f e w e r   c a r b o n   a t o m s   a r e   p r e f e r r e d  

due  to   t h e i r   c o m m e r c i a l   a v a i l a b i l i t y .  

The  p o l y m e r i c   c o m p o s i t i o n s  o f   t he   i n v e n t i o n   a r e  

p r e p a r e d   f r o m   b u t e n e - 1   and  one  or   more  h i g h e r   a l p h a -  

m o n o o l e f i n s .   When  a  two  a l p h a - m o n o o l e f i n   c o m p o n e n t   s y s t e m  

is   e m p l o y e d   t h e   b u t e n e - 1   and  t h e   o t h e r   a l p h a - m o n o o l e f i n  

c o m p o n e n t   a r e   u s u a l l y   p r e s e n t   in  t he   r e a c t i o n   m i x t u r e   i n  

an  a m o u n t   s u f f i c i e n t   to  p r o d u c e   a  c o p o l y m e r   c o n t a i n i n g   a t  

l e a s t   10  m o l e   p e r c e n t   of  e a c h   c o m p o n e n t .   In  the   p r e f e r r e d  

e m b o d i m e n t s   of  t h e   two  a l p h a - m o n o o l e f i n   c o m p o n e n t   s y s t e m  

e a c h   c o m p o n e n t   is   p r e s e n t   in  an  a m o u n t   s u f f i c i e n t   to  p r o -  

d u c e   c o p o l y m e r s   c o n t a i n i n g   25  or   more   mo le   p e r c e n t   of  e a c h  

c o m p o n e n t .   In  t h r e e   or   more  a l p h a - m o n o o l e f i n   c o m p o n e n t  

s y s t e m s   i t   is   p r e f e r r e d   t h a t   t he   maximum  c o n t e n t   of  a n y  

one  m o n o m e r   is  90  mole   p e r c e n t   and  m o s t   p r e f e r a b l y   75  m o l e  



p e r c e n t ,   b a s e d   on  t h e   t o t a l   n u m b e r   of  m o l e s   of  b u t e n e - 1   a n d  

t he   o t h e r   a l p h a - m o n o o l e f i n   m o n o m e r s   p r e s e n t   in  the  r e a c t i o n  

m i x t u r e .  

T y p i c a l   c o p o l y m e r s   w h i c h   a r e   u s a b l e   in  the  i n -  

v e n t i o n   a r e   t h o s e   p r e p a r e d   f rom  b u t e n e - 1   and  one  or  m o r e  

of  h e x e n e - 1 ,   o c t e n e - 1 ,   d e c e n e - 1 ,   d o d e c e n e - 1 ,   h e x a d e c e n e - 1 ,  

e i c o s e n e - 1 ,   e t c .   P r e f e r r e d   c o p o l y m e r s   a r e   t h o s e   p r e p a r e d  

f rom  b u t e n e - 1   and  one  or   more   of  h e x e n e - 1 ,   o c t e n e - 1 ,  

d e c e n e - 1 ,   d o d e c e n e - 1 ,   t e t r a d e c e n e - 1 ,   e t c .   E x a m p l e s   of  p r e -  

f e r r e d   c o p o l y m e r s   i n c l u d e   b u t e n e - l - h e x e n e - 1   c o p o l y m e r ,  

b u t e n e - l - o c t e n e - 1   c o p o l y m e r ,   b u t e n e - 1 - d e c e n e - 1   c o p o l y m e r ,  

b u t e n e - 1 - d o d e c e n e - 1   c o p o l y m e r   and  b u t e n e - 1 - t e t r a d e c e n e  

c o p o l y m e r .   P r e f e r r e d   t e r p o l y m e r s   i n c l u d e   b u t e n e - l - h e x e n e - l -  

d e c e n e - 1   t e r p o l y m e r ,   b u t e n e - 1 - o c t e n e - 1 - d o d e c e n e - 1   t e r p o l y m e r ,  

e t c .   A 

The  c o p o l y m e r s   of  t h e   i n v e n t i o n   d e s i r a b l y   h a v e  

a  w e i g h t   a v e r a g e   m o l e c u l a r   w e i g h t   of  a t   l e a s t   5 0 0 , 0 0 0   a n d  

a r e   g e n e r a l l y   in  t h e   r a n g e   of   5 0 0 , 0 0 0   to  20  m i l l i o n .   T h e r e  

is   no  u p p e r   m o l e c u l a r   w e i g h t   l i m i t   and  p o l y m e r s   h a v i n g   a n y  

w e i g h t   a v e r a g e   m o l e c u l a r   w e i g h t   a b o v e   a b o u t   5 0 0 , 0 0 0   a r e  

u s a b l e .   At  t he   l o w e r   end  of  t h e   s c a l e   p o l y m e r s   h a v i n g  

w e i g h t   a v e r a g e   m o l e c u l a r   w e i g h t   s i g n i f i c a n t l y   be low  a b o u t  

5 0 0 , 0 0 0   a r e   no t   as  d e s i r a b l e   as  t h o s e   h a v i n g   w e i g h t   a v e r a g e  

m o l e c u l a r   w e i g h t   of  a t   l e a s t   5 0 0 , 0 0 0 .   In  a  p r e f e r r e d   e m b o d i -  

m e n t   t he   w e i g h t   a v e r a g e   m o l e c u l a r   w e i g h t   is  in  the  r a n g e  

of  a b o u t   1  to  20  m i l l i o n .  

The  m e t h o d   of  p o l y m e r i z a t i o n   of  t he   monomers   i s  

n o t   a  p a r t   of  t he   i n v e n t i o n .   In  g e n e r a l ,   any  of  the  s e v -  

e r a l   w e l l   known  m e t h o d s   f o r   p o l y m e r i z i n g   a l p h a - m o n o o l e f i n s  

can  be  e m p l o y e d .   A  p a r t i c u l a r l y   s u i t a b l e   m e t h o d   is  t h e  



Z i e g l e r   p r o c e s s   u s i n g   c a t a l y s t   s y s t e m s   c o m p r i s i n g   c o m b i n a -  

t i o n s   of   a  c o m p o u n d   of  a  m e t a l   of  G r o u p s   IV-B ,   V-B,  V I - B  

or  V I I I   of  t he   P e r i o d i c   C h a r t   of  t he   E l e m e n t s   f o u n d   o n  

p a g e s   3 9 2 - 3 9 3   of  t h e   H a n d b o o k   of  C h e m i s t r y   and  P h y s i c s ,  

3 7 t h   E d i t i o n   w i t h   an  o r g a n o m e t a l   c o m p o u n d   of  a  r a r e   e a r t h  

or   m e t a l   f r o m   G r o u p s   I - A ,   I I - A ,   o r   I I I - A   of  t he   P e r i o d i c  

C h a r t   of  t h e   E l e m e n t s .   P a r t i c u l a r l y   s u i t a b l e   c a t a l y s t  

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

aluminium  c o m p o u n d s .   A  t y p i c a l   p o l y m e r i z a t i o n   p r o c e d u r e   i s  

to   c o n t a c t   t h e   m o n o m e r i c   m i x t u r e   w i t h   t h e   c a t a l y s t   in  a  

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

t h e   c a t a l y s t   in  a  c l o s e d   r e a c t i o n   v e s s e l   a t   r e d u c e d   t e m p -  

e r a t u r e s   and  a u t o g e n o u s   p r e s s u r e   and  in  a  n i t r o g e n   a t m o s -  

p h e r e .   F u r t h e r   d e t a i l s   of  t h e   Z i e g l e r   p r o c e s s   a r e   s e t  

f o r t h   in  U .S .   P a t e n t   3 , 6 9 2 , 6 7 6 ,   w h i c h   is   i n c o r p o r a t e d  

h e r e i n   by  r e f e r e n c e .  

GB-A-2074175,  i n c o r p o r a t e d   h e r e i n  

by  r e f e r e n c e ,   d e s c r i b e s  

c o p o l y m e r s   w h i c h   a r e   s u i t a b l e   f o r   use   in  t h i s   i n v e n t i o n .  

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

t h e   i n v e n t i o n   may  be  u s e d   i n c l u d e   k e r o s e n e ,   j e t   f u e l ,  

n a p h t h a ,   g a s o l i n e ,   e t c .   The  c o p o l y m e r s   a r e   p a r t i c u l a r l y  

e f f e c t i v e   in  j e t   a v i a t i o n   f u e l s   s u c h   as  g r a d e   J P - 8 ,   s p e c -  

i f i e d   in  U .S .   M i l i t a r y   S p e c i f i c a t i o n   M I L - T - 8 3 1 3 3 ,   g r a d e   J P - 5  

( f l a s h   p o i n t   140°F   m i n i m u m )   as  s p e c i f i e d   in  U.S.   M i l i t a r y  

S p e c i f i c a t i o n   M I L - T - 5 6 2 4 G ,   g r a d e s   J e t   A  and  J e t   A-1  ( f l a s h  

p o i n t   1 1 0 ° F   m in imum)   as  s p e c i f i e d   in  U.S .   M i l i t a r y  

S p e c i f i c a t i o n   M I L - T - D 1 6 5 5 / 6 6 T ,   e t c .  

The  c o p o l y m e r   is  a d d e d   to  t he   h y d r o c a r b o n   f u e l  

a t   a  c o n c e n t r a t i o n   w h i c h   i s   e f f e c t i v e   to  e l i m i n a t e   o r  



s u b s t a n t i a l l y   r e d u c e   t h e   t e n d e n c y   of  t he   h y d r o c a r b o n   f u e l *  

to  f o rm  a  h i g h l y   e x p l o s i v e   m i s t   upon   b e i n g   s u b j e c t e d   t o  

s h o c k .   In  g e n e r a l ,   t h i s   i s   a c c o m p l i s h e d   by  i n c o r p o r a t i n g  

t h e   c o p o l y m e r   i n t o   t h e   h y d r o c a r b o n   f u e l   a t   a  c o n c e n t r a t i o n  

of  a b o u t   .001   to  5  p e r c e n t   b a s e d   on  t h e   t o t a l   w e i g h t   o f  

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

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

r a n g e   of  a b o u t   .01  to   2  p e r c e n t   b a s e d   on  t he   t o t a l   w e i g h t  

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

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

o p t i m u m   r e s u l t   w i l l   v a r y   d e p e n d i n g   on  t h e   p a r t i c u l a r   c o -  

m o n o m e r s   f rom  w h i c h   t h e   c o p o l y m e r   i s   p r e p a r e d ,   t he   m o l e c u l a r  

w e i g h t   of  t h e   c o p o l y m e r   and  t h e   h y d r o c a r b o n   f u e l   b e i n g  

t r e a t e d .   O t h e r   f u e l   a d d i t i v e s   can   be  u s e d   in  c o m b i n a t i o n  

w i t h   t h e   c o p o l y m e r s   in  t h e   i n v e n t i o n .   For  e x a m p l e ,  

c o r r o s i o n   i n h i b i t o r s ,   a n t i o x i d a n t s ,   e t c .   can  be  added   t o  

t h e   h y d r o c a r b o n   f u e l   f o r m u l a t i o n ,   as  d e s i r e d .  

In  p r e p a r i n g   t h e   s t a b i l i z e d   h y d r o c a r b o n   f u e l  

c o m p o s i t i o n s   of  t h e   i n v e n t i o n ,   t h e   c o p o l y m e r   in  the  d e -  

s i r e d   c o n c e n t r a t i o n   i s   d i s s o l v e d   in  t he   h y d r o c a r b o n   f u e l .  

T h i s   can   be  a c c o m p l i s h e d   by  a d d i n g   t he   c o p o l y m e r   d i r e c t l y  

to  t h e   f u e l   or   by  a d d i n g   a  s o l u t i o n   of  t he   c o p o l y m e r   a n d  

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

Upon  a d d i t i o n   of  t h e   c o p o l y m e r   to   t he   h y d r o c a r b o n   f u e l ,  

t h e   m i x t u r e   is   a g i t a t e d   s u f f i c i e n t l y   to  c o m p l e t e l y   d i s -  

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

be  e a s i l y   a c c o m p l i s h e d ,   as  t h e   c o p o l y m e r s   a re   r e a d i l y  

s o l u b l e  i n   h y d r o c a r b o n   f u e l s .  

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

e m b o d i m e n t s   of  t h e   i n v e n t i o n .   U n l e s s   o t h e r w i s e   i n d i c a t e d  

p a r t s   and  p e r c e n t a g e s   a r e   on  a  w e i g h t   b a s i s .  



The  f o l l o w i n g   e x a m p l e s   w e r e   c a r r i e d   ou t   u s i n g  

t h e   f u l l   s c a l e   w ing   s p i l l a g e   t e s t   p r a c t i s e d   by  the   F e d -  

e r a l   A v i a t i o n   A d m i n i s t r a t i o n   a t   i t s   A t l a n t i c   C i t y ,   New 

J e r s e y   t e c h n i c a l   c e n t e r .   In  t h e   t e s t   a  s t r e a m   of  a i r   i s  

d i r e c t e d   a c r o s s   t h e   l e a d i n g   e d g e   of  an  a i r c r a f t   wing  s e c -  

t i o n   a t   a  p r e d e t e r m i n e d   v e l o c i t y .   A  f u e l   f o r m u l a t i o n   t o  

be  t e s t e d   i s   t h e n   f o r c e d   t h r o u g h   an  o r i f i c e   in  t h e  

l e a d i n g   e d g e   of  t h e   w i n g   i n t o   t h e   c o u n t e r f l o w i n g   a i r  

s t r e a m .   A  p r o p a n e   t o r c h   i s   l o c a t e d   a f t   of  and  be low  t h e  

f u e l   r e l e a s e   p o i n t .   T h i s   t o r c h ,   w h i c h   in  s t i l l   a i r   p r o -  

d u c e s   a  f l a m e   5  f e e t   l o n g ,   8  i n c h e s   in  d i a m e t e r   and  1 1 0 0 ° F  

in  t e m p e r a t u r e   s e r v e s   as  t h e   i g n i t i o n   s o u r c e .   F u r t h e r  

d e t a i l s   of  t h e   t e s t   can   be  o b t a i n e d   f rom  R e p o r t   No.  F A A - C T -  

8 1 - 1 8 1 ,   p a g e   2 - 1 ,   a v a i l a b l e   t h r o u g h   t h e   N a t i o n a l   T e c h n i c a l  

I n f o r m a t i o n   S e r v i c e ,   S p r i n g f i e l d ,   V i r g i n i a .  

EXAMPLE  I  ( C o m p a r a t i v e )  

U n t r e a t e d   J e t   A  f u e l   was  t e s t e d   a c c o r d i n g   t o  

t h e   a b o v e   p r o c e d u r e   a t   a  f u e l   s p i l l a g e   r a t e   of  20  g a l l o n s  

p e r   s e c o n d   and  a t   a  r e l a t i v e   a i r   v e l o c i t y   of  130  k n o t s .   A 

h u g e   f i r e b a l l   f o r m e d   and  p r o p a g a t e d   a g a i n s t   the   f l ow  o f  

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

EXAMPLE  I I  

The  t e s t   of  E x a m p l e   I  was  r e p e a t e d   u s i n g   J e t   A 

f u e l   c o n t a i n i n g   0 . 1   w e i g h t   p e r c e n t   of  a  b u t e n e - l - d o d e c e n e - 1  

c o p o l y m e r   h a v i n g   an  i n h e r e n t   v i s c o s i t y   of  13 .0   d l / g .   T h e  

m o d i f i e d   f u e l   d i d   fo rm  an  i g n i t a b l e   m i s t .   S m a l l   f i r e -  

b a l l s   f o r m e d   b u t   s e l f - e x t i n g u i s h e d   b e f o r e   c o n t a c t i n g   t h e  

g r o u n d .   T h e r e   was  l i t t l e   or   no  t e n d e n c y   of  the   i g n i t e d  

f u e l   to   p r o p a g a t e   t o w a r d   t h e   i g n i t i o n   s o u r c e . .  



EXAMPLE  I I I  

The  p r o c e d u r e   of   E x a m p l e   I I   was  r e p e a t e d   e x c e p t  

t h a t   t h e   a i r   s p e e d   was  120  k n o t s .   The  f u e l   had  no  p r o -  

p e n s i t y   to   i g n i t e .  



1.  A  hydrocarbon  fuel   composi t ion   having  a  reduced  t e n d e n c y  

to  form  an  exp los ive   mist  when  s u b j e c t e d   to  shock  compr is ing   a 

hydrocarbon  fuel   and  about  0.001  to  5%  based  t o t a l   weight  of  s a i d  

compos i t ion   of  a  high  molecular   weight  copolymer  of  butene-1  and  a 

second  component  compris ing   at  l e a s t   one  a l p h a - m o n o o l e f i n   h a v i n g  

5  or  more  carbon  a t oms .  

2.  A  method  of  reduc ing   the  tendency  of  hydrocarbon  f u e l  

compos i t ions   to  form  an  exp los ive   mixture  upon  being  s u b j e c t e d   t o  

shock  compris ing  i n c o r p o r a t i n g   into  said  compos i t ion   about  0 . 0 0 1  

to  5%  based  on  the  t o t a l   weight  of  said  compos i t ion   of  a  copo lymer  

of  butene-1  and  a  second  component  compr is ing   at  l e a s t   one  o t h e r  

a l p h a - m o n o o l e f i n   having  at  l e a s t   5  carbon  a t oms .  

3.  The  composi t ion   of  claim  1  or  the  method  of  claim  2 

wherein  said  second  component  is  at  l e a s t   one  a l p h a - m o n o o l e f i n  

having  5  to  20  carbon  atoms,  and  said  copolymer  has  a  w e i g h t  

average  molecu la r   weight  of  at  l e a s t   5 0 0 , 0 0 0 .  

4.  The  composi t ion   or  method  as  claimed  in  any one  o f  

claims  1  to  3,  wherein  said  hydrocarbon  fuel   c o m p r i s e s  

s u b s t a n t i a l l y   ke rosene ,   je t   f ue l ,   naphtha  or  g a s o l i n e .  

5.  The  composi t ion   or  method  of  any one  of  claims  1  to  4 ,  

wherein  the  c o n c e n t r a t i o n   of  said  copolymer  in  the  c o m p o s i t i o n  

is  about  .01  to  2%  based  on  the  weight  of  the  c o m p o s i t i o n .  

6.  The  composi t ion   or  method  of  any one  of  claims  1  to  5 ,  

wherein  said  second  component  is  at  l e a s t   one  a l p h a - m o n o o l e f i n  

having  6  to  14  carbon  a toms .  



7.  The  compos i t ion   or  method  of  claim  6,  wherein  s a i d  

copolymer  has  a  weight  average  molecu la r   weight  of  about  1  t o  

20  m i l l i o n .  

8.  The  compos i t ion   or  method  of  claim  6  or  claim  7,  w h e r e i n  

said  second  component  is  an  a l p h a - m o n o o l e f i n   s e l e c t e d   f rom 

hexene-1,   oc t ene -1 ,   decene-1 ,   dodecene-1 ,   t e t r a d e c e n e - 1 ,   and 

mixtures   of  t h e s e .  
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