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(54j  Processes  for  producing  high  grade  asphaltic  materials  from  low  grade  bituminous  materials  and  products  resulting 
therefrom. 
Disclosed  is  a  process  for  producing  high  grade  asphal- 

tic  materials  from  low  grade  bituminous  materials  and  the 
improved  products  resulting  therefrom.  More  particularly, 
there  is  disclosed  a  process  for  preparing  novel  high  quality 
paving  grade  asphalt  cements  and  novel  roofing  grade 
asphalts  from  poor  and  marginal  quality  bituminous  mate- 
rials  by  passing  an  oxidising  gas  through  the  bituminous 
starting  material  in  the  presence  of  a  carbonate  salt  as 
catalyst,  for  example,  sodium  carbonate  or  bicarbonate. 
Other  carbonates  and  sesquicarbonates  may  also  be  used. 



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

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

i n g   t h e r e f r o m .   T h i s   i n v e n t i o n   i s   c o n c e r n e d   in   o n e  

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

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

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

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

f o r   m a n u f a c t u r i n g   t h e   same  t h r o u g h   c a t a l y t i c   o x i d a t i o n  

of   p a v i n g   g r a d e   o r  r o o f i n g   g r a d e   a s p h a l t   f l u x   f e e d -  

s t o c k s .  

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

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

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

w i t h   s u b s e q u e n t   v a c u u m   d i s t i l l a t i o n   to   o b t a i n   t h e  

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

b l o w i n g ,   w i t h   or   w i t h o u t   an  o x i d a t i o n   c a t a l y s t ,   a  s o f t  

v a c u u m   t o w e r   r e s i d u a l   a t   3 5 0 - 5 5 0 ° F   e i t h e r   by  a  b a t c h  

m e t h o d   or  c o n t i n u o u s   i n   l i n e   o x i d a t i o n   t o   t h e   d e s i r e d  

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

p r e c i p i t a t e   a  s o f t   v a c u u m   t o w e r   r e s i d u a l   to   p r o d u c t  

s p e c i f i c a t i o n s ;   and  s t i l l   a n o t h e r   m e t h o d   i s   to   s o l v e n t  

p r e c i p i t a t e   a  s o f t   v a c u u m   t o w e r   r e s i d u a l   to   a  l o w  

p e n e t r a t i o n   h a r d   a s p h a l t   f o l l o w e d   by  b a c k   b l e n d i n g  

w i t h   a  s o f t e r   v a c u u m   b o t t o m s   t o   a c h i e v e   t h e   p r o p e r  

s p e c i f i c a t i o n   c h a r a c t e r i s t i c s .  

A l l   of   t h e   a f o r e m e n t i o n e d   m e t h o d s   can   be  u s e d  

s i n g u l a r l y   or  i n   c o m b i n a t i o n   to   p r o d u c e   h i g h   q u a l i t y  

a s p h a l t i c   p r o d u c t s .   The  c h o i c e   of   m e t h o d s ,   in   r e a l i -  

t y ,   i s   d e p e n d e n t   u p o n   t h e   c r u d e   t y p e .   T h i s   i n v e n t i o n  



i s   c o n c e r n e d   w i t h   t h e   a b o v e   p r o c e s s e s   w h e r e   a i r   b l o w -  

i n g   in   t h e   p r e s e n c e   of   an  o x i d a t i o n   c a t a l y s t   i s   e m -  

p l o y e d .   We  h a v e   d i s c o v e r e d   t h a t   by  u s i n g   t h e   c a t a l y s t  

of  t h e   p r e s e n t   i n v e n t i o n ,   t h e   " b l o w i n g   c u r v e "   o f   t h e  

a s p h a l t   f l u x   can   be  a l t e r e d   to   p r o d u c e   a  p r o d u c t  

h a v i n g   a  h i g h e r   p e n e t r a t i o n   a t   a  g i v e n   s o f t e n i n g   p o i n t  

and  in   r e m a r k a b l y   s h o r t e r   t i m e .   As  can   be  a p p r e -  
c i a t e d ,   b o t h   of   t h e s e   a t t r i b u t e s   a r e   o f   c o n s i d e r a b l e  

e c o n o m i c   v a l u e .  

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

a s p h a l t   m a t e r i a l s ,   h a v e   b e e n   t r e a t e d   by  p a s s i n g   a n  

o x i d i z i n g   gas   t h r o u g h   t h e   b i t u m i n o u s   m a t e r i a l s   in   a  

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

of   a i r - b l o w i n g   i s   to  p a r t i a l l y   o x i d i z e   t h e   a s p h a l t   i n  

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

i n c r e a s i n g   v i s c o s i t y   and  s o f t e n i n g   p o i n t .   To  p r o m o t e  

t h e   o x i d a t i o n   p r o c e s s ,   o x i d i z i n g   c a t a l y s t s   h a v e   b e e n  

u t i l i z e d   i n   t h e   p a s t .   U . S .   P a t e n t   1 , 7 8 2 , 1 8 6   s t a t e s  

t h a t   t h e   c h l o r i d e ,   c a r b o n a t e   and  s u l f a t e   s a l t s   o f  

z i n c ,   i r o n ,   c o p p e r   or  a n t i m o n y   can   be  u s e d   as  c a t a l y s t  

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

t e r i a l s .   U . S .   P a t e n t   1 , 7 8 2 , 1 8 6   e x e m p l i f i e s   o n l y   t h e  

use   o f   t h e   c h l o r i d e   s a l t .   A l s o ,   U . S .   P a t -  

e n t s  2 , 1 7 9 , 2 0 8   and  2 , 2 8 7 , 5 1 1   d e s c r i b e   p r o c e s s e s   f o r  

m a k i n g   a s p h a l t .   In  a l l   of   t h e   e x a m p l e s   o f   t h e   ' 2 0 8  

and  5 1 1   p a t e n t s ,   r e s i d u u m   i s   f i r s t   a i r   b l o w n   a n d  

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

c a t a l y s t s .   T h e s e   two  p a t e n t s   l i s t   o t h e r   c a t a l y s t  

p o s s i b i l i t i e s ,   i n c l u d i n g   s o d i u m   c a r b o n a t e .   U . S .   P a t -  

e n t   3 , 4 4 0 , 0 7 3   d i s c l o s e s   a  m e t h o d   f o r   d e o d o r i z i n g   a s -  

p h a l t   f o r   u s e   as  s e a l a n t s   in   r e f r i g e r a t o r s   a n d  

f r e e z e r s   w h e r e i n   a i r   and  s t e a m   a r e   b l o w n   t h r o u g h  

m o l t e n   a s p h a l t   f l u x   to   w h i c h   has   b e e n   a d d e d   a  s m a l l  

or  m i n o r   q u a n t i t y   of  a  w a t e r   s o l u t i o n   o f   one  or   m o r e  

w a t e r - s o l u b l e   i n o r g a n i c   a l k a l i n e   m a t e r i a l s ,   s u c h   a s  

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



h y d r o x i d e   and  p o t a s s i u m   c a r b o n a t e .   The  p r i m a r y   p u r -  

p o s e   o f   s a i d   t r e a t m e n t   i s   to   d e o d o r i z e   a s p h a l t   f o r  

s p e c i a l   a p p l i c a t i o n s .   O t h e r   p a t e n t s   of   r e l e v a n c e   t o  

t h i s   i n v e n t i o n   a r e   U .S .   P a t e n t s   2 , 3 7 0 , 0 0 7 ;   2 , 4 2 1 , 4 2 1 ;  

and  3 , 1 2 6 , 3 2 9 .  

P e n e t r a t i o n   by  d e f i n i t i o n   i s   t h e   c o n s i s t e n c y   of   a  
b i t u m i n o u s   m a t e r i a l   e x p r e s s e d   as  t h e   d i s t a n c e   i n  

t e n t h s   o f   a  m i l l i m e t e r   t h a t   a  s t a n d a r d   n e e d l e   v e r t i -  

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

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

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

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

V i s c o s i t y   may  s i m p l y   be  d e f i n e d   as  t h e   m e a s u r e   o f  

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

a  f o r c e .   I t   h a s   b e e n   shown  d e s i r a b l e   i n   a s p h a l t s   s u c h  

as  p a v i n g   a s p h a l t s   to   h a v e   a  h i g h   p e n e t r a t i o n   a t   a  

g i v e n   v i s c o s i t y .   For   e x a m p l e ,   an  a s p h a l t   p a v e m e n t  

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

a t   7 7 ° F / 1 0 0 g / 5 s e c .   of   40,  v i s c o s i t y   a t   1 4 0 ° F   a t  

2000  p o i s e s ,   and   a  v i s c o s i t y   a t   2 7 5 ° F   of   300  c e n t i -  

s t o k e s   w o u l d   n o t   p e r f o r m   as  w e l l   as  t h e   same  a s p h a l t  

h a v i n g   t h e   same  v i s c o s i t i e s   b u t   a  p e n e t r a t i o n   a t  

7 7 ° F / 1 0 0 g / 5 s e c .   o f   60.  The  40  p e n e t r a t i o n   a s p h a l t   a t  

l o w e r   t e m p e r a t u r e s   ( b e l o w   7 7 ° F )   w o u l d   b e c o m e   b r i t t l e  

and  b r e a k   up  u n d e r   r e p e a t e d   t r a f f i c   l o a d .   In  o t h e r  

w o r d s ,   t h e   40  p e n e t r a t i o n   a s p h a l t   a t   77°F   i s   more   s u s -  

c e p t i b l e   to   c h a n g e s   in   t e m p e r a t u r e .  



R o o f i n g   a s p h a l t s   a r e   m a r k e d l y   d i f f e r e n t   f r o m  

p a v i n g   a s p h a l t s .   The  a i r   b l o w i n g   p r o c e s s  i s   f r e q u e n t -  

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

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

by  t h e   a i r   b l o w i n g   p r o c e s s .   One  v e r y   i m p o r t a n t   s i m i -  

l a r i t y   e x i s t s   b e t w e e n   p a v i n g   g r a d e   a s p h a l t s   and  r o o f -  

i n g   a s p h a l t s ,   i . e . ,   a  h i g h e r   p e n e t r a t i o n   a t   a  g i v e n  

s o f t e n i n g   p o i n t   i s   d e s i r a b l e .   In  o t h e r   w o r d s ,   i t   i s  

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

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

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

in   e s s e n c e ,   i s   a n o t h e r   m e t h o d   to   d e s i g n a t e   v i s c o s i t y .  

Some  r o o f i n g   f l u x e s   ( r o o f i n g   a s p h a l t   p r e c u r s o r s )  

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

a  c a t a l y s t .   Some  r e q u i r e   a  c a t a l y s t .   The  u s e   o r  

n o n - u s e   o f   a  c a t a l y s t   u s u a l l y   d e p e n d s   on  t h e   t y p e   o f  

c r u d e   f rom  w h i c h   t h e   r o o f i n g   f l u x   i s   d e r i v e d .   R e f i n -  

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

ly   u t i l i z e d   L e w i s   a c i d   c a t a l y s t s   s u c h   as  h a l i d e s   o f  

i r o n ,   a l u m i n u m ,   c o p p e r ,   t i n ,   z i n c ,   a n t i m o n y ,   as  w e l l  

as  p h o s p h o r u s   p e n t o x i d e   i n   t h e   p r o d u c t i o n   o f   r o o f i n g  

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

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

l y s t s .   T h e s e   c a t a l y s t s   work   q u i t e   w e l l   e x c e p t   t h e y  

a r e   v e r y   c o r r o s i v e ,   and   t h e   a m o u n t   o f   m a i n t e n a n c e  

r e q u i r e d   on  s t o r a g e   t a n k s ,   fume  b u r n e r s ,   p u m p s ,   e t c .  

a m o u n t s   t o   m i l l i o n s   o f   d o l l a r s   a n n u a l l y .   In  a d d i t i o n ,  

t h e   L e w i s   a c i d   c a t a l y z e d   a s p h a l t s   d e t e r i o r a t e   c e l l u -  

l o s i c - b a s e d   p r o d u c t s ,   s u c h   as  r o o f i n g   f e l t s ,   s p r e a d i n g  

mops ,   e t c . ,   w h i c h   a r e   u s e d   d u r i n g   t h e   m a n u f a c t u r i n g  

and  a p p l i c a t i o n   p r o c e s s e s .  



B r i e f l y   s t a t e d ,   t h i s   i n v e n t i o n   compr ises   p r o c e s s e s   f o r  

o x i d i z i n g   a s p h a l t i c   f lux  b i t u m i n o u s   m a t e r i a l s   having   b o i l i n g  

p o i n t s   above  850°F  which  c o n s i s t   of  b lowing  an  o x i d i z i n g   g a s  

th rough   a  mol ten   mix ture   of  said  b i t u m i n o u s   m a t e r i a l s   in  t h e  

p r e s e n c e   of  a  



c a t a l y t i c   a m o u n t   of   an  o x i d i z i n g   c a t a l y s t   c o m p r i s i n g  

an  o r g a n i c   or   an  i n o r g a n i c   c a r b o n a t e   s a l t .   The  o x i -  

d i z i n g   c a t a l y s t   can   be  e i t h e r   in   t h e   d r y   s t a t e ,   d i s -  

s o l v e d   i n   w a t e r ,   s l u r r i e d   w i t h   w a t e r   or  s l u r r i e d   w i t h  

b i t u m i n o u s   f e e d s t o c k   m a t e r i a l .   The  o x i d a t i o n   i s  

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

t e m p e r a t u r e   t o   o x i d i z e   t h e   b i t u m i n o u s   m a t e r i a l   t o  

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

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

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

t he   a s p h a l t   f l u x .  

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

a  s e s q u i c a r b o n a t e .  

In  a  m o s t   p r e f e r r e d   e m b o d i m e n t   of  t h i s   i n v e n t i o n ,  

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

g r a d e   a s p h a l t   or   a  r o o f i n g   g r a d e   a s p h a l t   i s   p r o d u c e d ,  

l a r g e l y   d e p e n d i n g   upon   f e e d s t o c k   s e l e c t i o n   and  o x i d a -  

t i o n   t i m e .  

In  a n o t h e r   a s p e c t ,   t h i s   i n v e n t i o n   c o m p r i s e s   t h e  

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

d e s c r i b e d   p r o c e s s e s .  
In  p a r t i c u l a r ,   t h i s   i n v e n t i o n   c o m p r i s e s :   a  

n o n - c o r r o s i v e   c a t a l y s t   w h i c h   p r o d u c e s   f rom  p o o r   q u a l i -  

ty   b i t u m i n o u s   m a t e r i a l s ,   h i g h   q u a l i t y   f i n i s h e d   a s p h a l -  

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

a c i d   c a t a l y s t s ,   u s e f u l   as  r o o f i n g   or   p a v i n g   p r o d u c t s  

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

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

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

and  r e l a t e d   p r o c e s s e s   c a n   a l s o   be  u s e d   t o   f u r t h e r  

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

from  good   q u a l i t y   a s p h a l t   f l u x e s .   A  p o s s i b l e   a d d e d  

b e n e f i t   of   t h e   p r e s e n t   i n v e n t i o n   i s   t h a t   t h e   p r o c e s s  
e m b o d i m e n t s   t h e r e o f   do  n o t   p r o d u c e   c h l o r i n a t e d   a r o m a -  

t i c s .  

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

i n v e n t i o n ,   t h e   a s p h a l t   p r o d u c t   i s   c h a r a c t e r i z e d   by  a n  



u n u s u a l l y   s m a l l   c o n c e n t r a t i o n   o f   s a t u r a t e s   as  d e t e r -  

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

t h i s   i n v e n t i o n   i s   c h a r a c t e r i z e d   by  c o n t a i n i n g   25% 

to   85%  l e s s   s a t u r a t e s   t h a n   t h e   c o n c e n t r a t i o n   t h e r e o f  

in  t h e   s t a r t i n g   f l u x .  

More  s p e c i f i c a l l y ,   in   p r e f e r r e d   p r o d u c t   e m b o d i -  

m e n t s ,   t h e   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  c a t a l y t i c a l l y  

o x i d i z e d   p a v i n g   g r a d e   or   r o o f i n g   g r a d e   a s p h a l t .   T h e  

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

n - p e n t a n e   s o l v e n t ) ,   a b o u t   15  t o   25%  p e n t a n e   i n s o l u b l e  

a s p h a l t e n e s ,   a b o u t   3  to   15%  s a t u r a t e s ,   a b o u t   30  t o  

50%  p o l a r   c o m p o u n d s   and  a b o u t   25  t o   35%  a r o m a t i c s ,   t h e  

t o t a l   c o n t e n t   b e i n g   100%,  t h e   sum  of   t h e   a s p h a l t e n e s  

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

l e a s t   55%.  The  r o o f i n g   g r a d e   a s p h a l t   c o m p r i s e s   a b o u t  

35  t o   4 5 %  p e n t a n e   i n s o l u b l e   a s p h a l t e n e s ,   a b o u t   5  t o  

30%  s a t u r a t e s ,   a b o u t   30  to   40%  p o l a r   c o m p o u n d s ,   w i t h  

t h e   r e m a i n d e r   b e i n g   a b o u t   10  to   30%  a r o m a t i c s ,   t h e   sum 

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

a b l y   a b o u t   a t   l e a s t   70%.  For   b o t h   t h e   p a v i n g   a n d  

r o o f i n g   g r a d e   p r o d u c t s   o f   t h e   i n v e n t i o n ,   t h e   %  s a t u -  

r a t e s   i s   a t   l e a s t   25%  l e s s   t h a n   t h e   s a t u r a t e   c o n t e n t  

o f   t h e   s t a r t i n g   f l u x ,   p r e f e r a b l y   a t   l e a s t   75%  l e s s ,  

m o s t   p r e f e r a b l y   80  t o   85%  l e s s   t h a n   t h e   s a t u r a t e  

c o n t e n t   o f   t h e   s t a r t i n g   f l u x .   I n d e e d ,   m o s t   p r e f e r -  

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

c o n t a i n   l e s s   t h a n   8%  s a t u r a t e s .  

The  improvements  brought   about  by  the  p r e s e n t   i n v e n t i o n   a r e  

i l l u s t r a t e d   by  the  accompanying  drawings,   in  w h i c h :  

Figure   1  of  the  Drawing  is  a  graph  in  which  v i s c o s i t y   i s  

p l o t t e d   versus   p e n e t r a t i o n   for   i d e n t i c a l   a s p h a l t   f l uxes   o x d i z e d  

with  and  wi thout   the  p resence   of  1.0%  sodium  c a r b o n a t e .  

F igures   2  and  3  of  the  Drawing  are  graphs  p l o t t i n g   t h e  

"blowing  curves"  ( p e n e t r a t i o n   versus   s o f t e n i n g   po in t )   of  t h e  

e x p e r i m e n t a l   o x i d a t i o n   runs  of  Examples  II  and  I I I ,   h e r e i n b e l o w .  



G e n e r a l l y   s p e a k i n g ,   a i r   b l o w i n g   or   o x i d a t i o n   o f  

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

c a r r i e d   o u t   as  f o l l o w s :   H o r i z o n t a l ,   or   more   c o m m o n l y ,  
v e r t i c a l   v e s s e l s   w i t h   some  means   o f   h e a t i n g   s u c h   a s  
d i r e c t   f i r e d   b u r n e r s ,   h i g h   p r e s s u r e   s t e a m   h e a t   e x c h a n -  

g e r s ,   e t c .   c a p a b l e   of   m a i n t a i n i n g   t e m p e r a t u r e s   up  t o  

5 5 0 ° F   a r e   e m p l o y e d .   V a r i o u s   m e t h o d s   of   c o n t r o l l i n g  

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

a r e   u s e d .   Mos t   " b a t c h   o x i d i z e r s "   a r e   e q u i p p e d   w i t h   a  

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

i n j e c t i n g   s t e a m   i n t o   t h e   t o p   o f   t h e   v e s s e l   to   q u e n c h  
t h e   n o r m a l l y   e x o t h e r m i c   r e a c t i o n   e x p e r i e n c e d   in   t h e  

a i r   b l o w i n g   p r o c e s s .   B a t c h   o x i d a t i o n   i s   u s u a l l y  

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

A n o t h e r   t y p e   o f   o x i d a t i o n   p r o c e s s   i s   a  c o n t i n u o u s  

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

i s   c o n t i n u o u s l y   c h a r g e d   o r   f e d   i n t o   an  o x i d i z e r   w h e r e -  

in   c a t a l y s t   and  a i r   a r e   c o n t i n u o u s l y   and   c o n c u r r e n t l y  

d i s p e r s e d   and  c o n t a c t e d   w i t h   t h e   m o l t e n   m a t e r i a l   on  a  

" o n c e - t h r o u g h "   b a s i s .   The  p r o d u c t ,   i . e . ,   a s p h a l t i c  

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

d i z e r .   The  p r o c e s s   c a n   be  u s e d   f o r   any  t y p e   of   b i t u -  

m i n o u s   f e e d s t o c k   m a t e r i a l   and  i s   p a r t i c u l a r l y   u s e f u l  

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

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

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

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

and  i n   p a r t i c u l a r ,   s o d i u m   c a r b o n a t e   or   s o d i u m   s e s q u i -  

c a r b o n a t e ,   and  m i x t u r e s   t h e r e o f .   A c c o r d i n g l y ,   o t h e r  

s a l t s   s u c h   as  t h e   c a r b o n a t e   s a l t s   of   c a l c i u m ,   m a g n e s i -  

um,  b a r i u m   and  s t r o n t i u m   may  a l s o   be  u s e d   as  c a t a -  

l y s t s .   The  a m o u n t   o f   c a t a l y s t   u t i l i z e d   in   t h e   p r o c e s s  
of   t h i s   i n v e n t i o n   t o   o x i d i z e   or   a i r   b l o w   t h e   m o l t e n  

f l u x ,   d e p e n d i n g   on  t h e   t y p e   of   f l u x ,   c an   r a n g e   b e t w e e n  



0 . 0 1   and  5 .0%,   b a s e d   on  t h e   w e i g h t   of   t h e   f l u x  

m a t e r i a l .  

At  t i m e s ,   i t   may  be  u s e f u l   to  u t i l i z e   a  c a t a l y t i c  

s a l t   w h i c h   b r e a k s   down  u n d e r   h e a t   to   y i e l d   t h e   c a r b o -  

n a t e   as  a  d e c o m p o s i t i o n   p r o d u c t .   I n d e e d ,   i t   i s   b e -  

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

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

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

c a r b o n a t e   o v e r   a  l o n g   p e r i o d   of   t i m e .   A n o t h e r   c a r b o -  

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

c e r t a i n   c o n d i t i o n s   i s   t h e   c o r r e s p o n d i n g   b i c a r b o n a t e  

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

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

s o d i u m   p e r o x y c a r b o n a t e ,   c o u l d   be  e m p l o y e d   to   p r o v i d e  

an  a c t i v e   o x i d a t i o n   c a t a l y s t   p r o d u c t .   The  t e r m   " c a r -  

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

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

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

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

d e c o m p o s i t i o n   p r o d u c t   or   w h i c h   a re   c a r b o n a t e   or   b i -  

c a r b o n a t e   o x i d a t i o n   p r o d u c t s .  

A c c o r d i n g   t o   t h e   p r e s e n t   i n v e n t i o n ,   a s p h a l t i c .  

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

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

w h i c h   a r e  d e r i v e d   f r o m   s e v e r a l   s o u r c e s .  

The  f l u x   m a t e r i a l ,   i . e . ,   t h e   l i q u i d   b i t u m i n o u s  

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

s l u r r y   o i l ,   c o a l   t a r   p i t c h ,   c o a l   t a r ,   p e t r o l e u m   p i t c h ,  

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

f rom  s h a l e ,   c o a l   l i q u i f a c t i o n   m a t e r i a l s   and  a r o m a t i c  

f u r f u r a l   e x t r a c t s   f rom  t h e   s o l v e n t   r e f i n i n g   o f   l u b e  

o i l   and  m i x t u r e s   t h e r e o f .  

In  t h e   o x i d a t i o n   p r o c e s s e s ,   a  b i t u m i n o u s   f e e d -  

s t o c k   m a t e r i a l   as  a f o r e m e n t i o n e d   is   fed   i n t o   a  v e s s e l  

and  i s   h e a t e d   to   a  t e m p e r a t u r e   r a n g i n g   b e t w e e n  

a b o u t   300  and  a b o u t   5 5 0 ° F .   An  o x i d i z i n g   g a s ,   s u c h   a s  



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

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

a b o u t   450  to   5 5 0 ° F   to   p r o v i d e   t h e   t y p e   of  a s p h a l t i c  
m a t e r i a l   d e s i r e d ,   t h a t   i s ,   an  a s p h a l t i c   m a t e r i a l   t o   b e  

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

i n c l u d i n g   t h o s e   u s e d   f o r   b u i l t - u p   r o o f i n g ,   s h i n g l e  

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

can   l e a d   t o   a  r e d u c t i o n   in   o x i d a t i o n   t i m e   of   a t   l e a s t  

a b o u t   10%,  o f t e n   o v e r   20%.  

The  t i m e   o f   a d d i t i o n   o f   c a t a l y s t   to   t h e   f l u x   i n  

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

o x i d i z i n g   gas   i s   u n i m p o r t a n t   in   t h e   p r e s e n t   i n v e n t i o n  

as  l o n g   as  t h e   o x i d i z i n g   gas   i s   u s e d   to   o x i d i z e   t h e  

f l u x   in   t h e   p r e s e n c e   of   t h e   c a t a l y s t .   For   e x a m p l e ,  

a l l   of   t h e   c a t a l y s t   c o u l d   be  l o a d e d   i n t o   t h e   o x i d i z e r  

b e f o r e   t h e   i n t r o d u c t i o n   of   t h e   f l u x .   Then ,   t h e   f l o w  

of   o x i d i z i n g   gas   c o u l d   be  s t a r t e d   c o n c u r r e n t l y   w i t h  

t h e   i n t r o d u c t i o n   of   t h e   f l u x   or  t h e r e a f t e r .   T h i s  

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

I t   i s   e v e n   p o s s i b l e   to   p r o c e e d   in   t h e   o p p o s i t e   d i r e c -  

t i o n ,   t h a t   i s   s t a r t   t h e   f l o w   of   o x i d i z i n g   gas   b e f o r e  

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

h e r e i n   i s   t h a t   o x i d a t i o n   i s   c a r r i e d   o u t   in   t h e   p r e s -  

e n c e   of   t h e   c a t a l y s t ,   w h e t h e r   t h e   o x i d a t i o n   i s   a c c o m -  

p l i s h e d   i n   a  s i n g l e   s t a g e   or   i n   m u l t i p l e   s t a g e s .  

Where   m u l t i - s t a g e   o x i d a t i o n   i s   e m p l o y e d ,   i t   i s   p o s s i -  

b l e   to   c a r r y   o u t   one  or   more   s t a g e s   of   o x i d a t i o n  

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

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

f u l l y   e n j o y   t h e   b e n e f i t s   f l o w i n g   f rom  t h i s   i n v e n t i o n .  

Of  c o u r s e ,   a  m u l t i - s t a g e   p r o c e s s   c o u l d   be  c o n t i n u o u s  

or   d i s c o n t i n u o u s ,   i . e . ,   t h e   u se   o f   a  c o n t i n u o u s   o x i -  

d i z e r   f o l l o w e d   by  one  or   two  s t a g e s   o f   b a t c h  

o x i d a t i o n .  

The  b i t u m i n o u s   f l u x   m a t e r i a l   has   a  v i s c o s i t y  

r a n g i n g   f r o m   a b o u t   30  to   a b o u t   400  S a y b o l t   F u r o l  



S e c o n d s   (SFS)   a t   2 1 0 ° F ,   and  a  f l a s h   p o i n t   p r e f e r a b l y  

of   a t   l e a s t   5 8 0 ° F .   L o w e r  f l a s h   p o i n t   m a t e r i a l s   can   b e  

u s e d   i f   t h e   o x i d a t i o n   t e m p e r a t u r e   i s   m a i n t a i n e d   a t  

a b o u t   50°F   b e l o w   t h e   f l a s h   p o i n t   f o r   s a f e t y   p u r p o s e s .  
In  t h e   p r o c e s s ,   t h e   p e r i o d   of   t i m e   r e q u i r e d   t o  

r e s p e c t i v e l y   b a t c h   o x i d i z e   a  r o o f i n g   a s p h a l t   and  a  

p a v i n g   a s p h a l t   c e m e n t   i s   q u i t e   d i f f e r e n t .   In  t h e   c a s e  
of   an  a s p h a l t   r o o f i n g   c o a t i n g ,   t h e   o x i d i z i n g   gas   i s  

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

p e r i o d   o f   t i m e ,   f o r   e x a m p l e ,   r a n g i n g   f rom  a b o u t   2  t o  

a b o u t   35  h o u r s ,   w h e r e a s ,   in   t h e   c a s e   of   p r o d u c i n g   t h e  

a s p h a l t   p a v i n g   c e m e n t ,   t h e   o x i d i z i n g   gas   i s   p a s s e d  

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

l y s t   f o r   a  p e r i o d   of   t i m e ,   f o r   e x a m p l e ,   r a n g i n g   f r o m  

a b o u t   1 /2   h o u r   to   a b o u t   6  h o u r s .   T h e s e   a r e   m e r e l y  

s u g g e s t e d   o x i d a t i o n   t i m e s .  

The  o x i d i z i n g   gas   t h a t   i s   p a s s e d   t h r o u g h   t h e   f l u x  

or   b i t u m i n o u s   m a t e r i a l   may  be  one  of   s e v e r a l   g a s e s ,  

i n c l u d i n g   o x y g e n ,   a i r ,   c o m p r e s s e d   a i r ,   or  l i q u i d   a i r .  

The  o x i d i z i n g   gas   i s   p a s s e d   t h r o u g h   t h e   f l u x   m a t e r i a l  

a t   a  r a t e   b e t w e e n   a b o u t   20  and  a b o u t   35  c u b i c   f e e t   p e r  
h o u r   p e r   t o n   of   b i t u m i n o u s   m a t e r i a l .  

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

w i t h   t h e   o x i d i z i n g   gas   i s   p r i m a r i l y   a  c a r b o n a t e   s a l t .  

The  c a t a l y s t s   of   t h e   i n v e n t i o n   t h a t   may  be  u s e d   i n  

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

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

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

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

s a l t   o f   c a l c i u m ,   m a g n e s i u m ,   l i t h i u m ,   c e r i u m ,   p o t a s -  

s i u m ,   b a r i u m ,   ammonium,  s t r o n t i u m ,   t r a n s i t i o n   m e t a l s ,  

r a r e   e a r t h  m e t a l s ,   b i s m u t h ,   l e a d ,   t e t r a a l k y l p h o s p h o n i -  

um  or   t e t r a a r y l p h o s p h o n i u m .   The  c a t a l y s t   i s   i n j e c t e d  

or  i n t r o d u c e d   i n t o   t h e   f l u x   m a t e r i a l   in   a  w a t e r   s o l u -  

t i o n ,   w a t e r   s l u r r y ,   or  s l u r r i e d   w i t h   s a i d   f l u x   or  in   a  

p r e f e r r e d   e m b o d i m e n t   i n j e c t e d   or   i n t r o d u c e d   in   a  d r y  



c r y s t a l l i n e   or  p o w d e r   f o r m .   The  c a t a l y s t   of   t h e  
i n v e n t i o n   can   be  u s e d   i n   a d m i x t u r e   w i t h   a  c o n v e n t i o n a l  

a s p h a l t   f l u x   o x i d a t i o n   c a t a l y s t .   , 

The  a m o u n t   of   c a t a l y s t   i n t r o d u c e d   i n t o   t h e   f l u x  
m a t e r i a l   r a n g e s   f rom  a b o u t   0 . 0 1   to   a b o u t   5 . 0   wt .   %,  o f  

t h e   b i t u m i n o u s   m a t e r i a l ,   d e p e n d i n g   on  t y p e ,   p r e f e r a b l y  
0 . 1   to   1 .0   wt .   %  f o r   a  p a v i n g   a s p h a l t   c e m e n t ,   or  0 . 0 1  

t o   2 . 0   wt .   %  f o r   a  r o o f i n g   s h i n g l e   s a t u r a n t   and  r o o f -  

i n g   s h i n g l e   c o a t i n g   or   b u i l t - u p   r o o f i n g   a s p h a l t  

m a t e r i a l .  

A  s t a r t i n g   f l u x   f o r   a  p a v i n g   g r a d e   a s p h a l t   w i l l  

u s u a l l y   c o n t a i n   a b o u t   10  t o   20%  a s p h a l t e n e s ,   a b o u t   1 5  

t o   25%  s a t u r a t e s   and   a b o u t   20  t o   35%  p o l a r   c o m p o u n d s ,  

w i t h   t h e   r e m a i n d e r   b e i n g   a r o m a t i c   c o m p o u n d s .   On  t h e  

o t h e r   h a n d ,   a  s t a r t i n g   r o o f i n g   g r a d e   a s p h a l t   w i l l  

u s u a l l y   c o n t a i n   a b o u t   5  t o   15%  a s p h a l t e n e s ,   a b o u t   1 0  

to   35%  s a t u r a t e s   and  a b o u t   20  to   35%  p o l a r   c o m p o u n d s ,  
w i t h   t h e   r e m a i n d e r   b e i n g   a r o m a t i c s .  

S i n c e   as  w i l l   be  d i s c u s s e d   i n   d e t a i l   h e r e i n a f t e r ,  

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

r e s u l t s   in   s u b s t a n t i a l   r e d u c t i o n   i n   s a t u r a t e   c o n t e n t ,  

i n   one  e m b o d i m e n t   o f   t h e   i n v e n t i o n   w h e r e   a  low  s a t u -  

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

h y d r o c a r b o n   i s   a d m i x e d   t h e r e w i t h   t o   i n c r e a s e   t h e  

s a t u r a t e   c o n t e n t   o f   t h e   f l u x .   F o r   e x a m p l e ,   w i t h  

r o o f i n g   f l u x   h a v i n g   a  s a t u r a t e   c o n t e n t   a p p r o a c h i n g   1 0 ,  

s a y   11,   p a r a f f i n s   c o u l d   be  a d d e d   to   t h e   f l u x   to   i n -  

c r e a s e   t h e   s a t u r a t e   c o n t e n t   t h e r e o f   up  t o   15  to   3 5 ,  

s a y   a b o u t   20.   T h i s   e n a b l e s   more   o f   t h e  c h e m i c a l  

t r a n s f o r m a t i o n s   b r o u g h t   a b o u t   by  t h e   p r e s e n t   i n v e n t i o n  

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

u n i q u e   n a t u r e   of   t h e   p r e s e n t   i n v e n t i o n   c o m p a r e d   to   t h e  

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

l a t t e r   do  n o t   s i g n i f i c a n t l y   a f f e c t   s a t u r a t e s .   As  f a r  

as  i s   known,   any  p a r a f f i n   c o u l d   be  u s e d   in   t h e  

p r a c t i c e   o f   t h i s   i n v e n t i v e   e m b o d i m e n t ,   s u c h   as  w a x e s ,  



p e t r o l a t u m s ,   s t r a i g h t   or  b r a n c h e d   c h a i n   s a t u r a t e d  

h y d r o c a r b o n s ,   e t c .   B r a n c h e d   c h a i n   s a t u r a t e s ,   s u c h   a s  

p e t r o l a t u m s ,   a r e   p r e f e r r e d ,   as  i l l u s t r a t e d   by  E x a m -  

p l e   V,  h e r e i n a f t e r .   The  p a r a f f i n   can   be  a d d e d   p r i o r  

to  c a t a l y s t   or   o x i d i z i n g   gas   i n t r o d u c t i o n ,   or  e v e n  

t h e r e a f t e r   d u r i n g   t h e   o x i d a t i o n   p r o c e s s .   A  c o n v e n i e n t  

m e t h o d   o f   p a r a f f i n   i n t r o d u c t i o n   i s   to   admix   i t   w i t h  

t h e   c a t a l y s t   and   t h e n   add  t h e   a d m i x t u r e   to   t h e   f l u x .  

Of  c o u r s e ,   t h i s   p a r t i c u l a r   e m b o d i m e n t   w o u l d   n o t   b e  

made  w i t h   p a v i n g   c e m e n t s .  

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

p r o d u c e d   a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n   a r e   h i g h  

g r a d e   a s p h a l t i c   m a t e r i a l s   w h i c h ,   d e p e n d i n g   upon   p r o -  

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

c e m e n t s   or   as  r o o f i n g   a s p h a l t s   s u c h   as  s h i n g l e   s a t u -  

r a n t s   and  c o a t i n g s   or   a s p h a l t s   f o r   b u i l t   up  r o o f i n g .  

The  p r o p e r t i e s   o f   t h e   r e s p e c t i v e   p r o d u c t s   do  d i f f e r  

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

s a t u r a t e s   t h a t   a r e   i n c l u d e d   in   t h e   a s p h a l t i c   p r o d u c t  

i s   f r om  a b o u t   25%  to   a b o u t   85%  l e s s   t h a n   t h e   c o n c e n -  

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

f l u x   or   b i t u m i n o u s   m a t e r i a l .   In  c o n t r a s t   w i t h   t h e   u s e  

of   an  a c i d i c   c a t a l y s t ,   s u c h   as  a  L e w i s   a c i d ,   t h e  

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

w h i c h   has   f rom  a b o u t   25%  to   a b o u t   75%  of   t h e   s a t u r a t e s  

c o m p o n e n t   o f   t h e   p r o d u c t   as  c o m p a r e d   to   t h a t   of   t h e  

a c i d i c   c a t a l y s t   p r o d u c t s   or   t h o s e   p r o c e s s e d   w i t h o u t   a  

c a t a l y s t .   More  s p e c i f i c a l l y ,   t h e   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  c a t a l y t i c a l l y   o x i d i z e d   p a v i n g   g r a d e   a s p h a l t  

c o m p r i s i n g   (by  c l a y   g e l   a n a l y s i s ,   n - p e n t a n e   s o l v e n t ) ,  

a b o u t   15  to   25%  p e n t a n e   i n s o l u b l e   a s p h a l t e n e s ,   a b o u t   3 

to  15%  s a t u r a t e s ,   a b o u t   30  to  50%  p o l a r   c o m p o u n d s   a n d  

a b o u t   25  t o   35%  a r o m a t i c s ,   t h e   t o t a l   c o n t e n t   b e i n g  

s u b s t a n t i a l l y   100%.  The  sum  of   t h e   a s p h a l t e n e s   a n d  

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

f e r a b l y   be  a t   l e a s t   55%.  The  r o o f i n g   g r a d e   a s p h a l t  



c o m p r i s e s   a b o u t   35  to  45%  p e n t a n e   i n s o l u b l e   a s p h a l -  

t e n e s ,   a b o u t   5  to   30%  s a t u r a t e s ,   a b o u t   30  to  40%  p o l a r  

c o m p o u n d s   and  a b o u t   10  to  30%  a r o m a t i c s ,   the   sum  o f  

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

a b o u t   a t   l e a s t   70%.  The  %  s a t u r a t e s   f o r   b o t h   p a v i n g  
and  r o o f i n g   g r a d e   a s p h a l t s   w i l l   be  a t   l e a s t   25%  l e s s  

t h a n   t h e   s a t u r a t e   c o n t e n t   of   t h e   s t a r t i n g   f l u x ,   p r e -  
f e r a b l y   a t   l e a s t   75%  l e s s ,   m o s t   p r e f e r a b l y   80  to  85% 
l e s s   t h a n   t h e   s a t u r a t e   c o n t e n t   o f   t h e   s t a r t i n g   f l u x .  

Mos t   p r e f e r a b l y ,   t h e   s a t u r a t e   c o n t e n t   w i l l   be  a b o u t  

l e s s   t h a n   8%. 

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

n u m b e r   of   s i g n i f i c a n t   a d v a n t a g e s .   U n i q u e l y ,   t h e  

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

c o n t e n t ,   to   a  l e s s e r   e x t e n t   r e d u c e s   a s p h a l t e n e   c o n -  

t e n t ,   s i g n i f i c a n t l y   i n c r e a s e s   p o l a r   compound  c o n t e n t  

and  t o   a  l e s s e r   e x t e n t   i n c r e a s e s   a r o m a t i c   c o n t e n t   a s  

c o m p a r e d   to   t h e   same  f e e d   o x i d i z e d   w i t h   or  w i t h o u t  

c o n v e n t i o n a l   L e w i s   a c i d   c a t a l y s t .   I n d e e d ,   i t   a p p e a r s  
t h a t   t h e   c a r b o n a t e   c a t a l y s t   e s s e n t i a l l y   s e l e c t i v e l y  

o x i d i z e s   t h e   s a t u r a t e s   w i t h   no  a p p r e c i a b l e   c h a n g e   i n  

a s p h a l t e n e   c o n t e n t .   T h i s   i s   o p p o s i t e   to  the   r e s u l t  

e x p e c t e d   f rom  a  n o r m a l   o x i d a t i o n   w i t h   or  w i t h o u t   L e w i s  

a c i d   c a t a l y s t .   In  f a c t ,   t h i s   i s   an  i d e a l   o x i d a t i o n  

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

known  t h a t   a  h i g h   p e r c e n t a g e   c o n t e n t   of   s a t u r a t e s   i s  

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

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

d i s c u s s e d   h e r e i n b e f o r e .   E x a m p l e s   h e r e i n b e l o w   i l -  

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

on  t h e   e x p e c t e d   c l a y   ge l   a n a l y s i s   of  the   a s p h a l t  

p r o d u c t .   A  d e s c r i p t i o n   of  a  c o n v e n t i o n a l   c l a y   g e l  

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

C l a y - G e l   A d s o r p t i o n   C h r o m a t o g r a p h i c   M e t h o d   of  A s p h a l t  
A n a l y s i s  

A s p h a l t s   can   be  s e p a r a t e d   i n t o   h y d r o c a r b o n   t y p e s  

and  s t r u c t u r a l   g r o u p s   by  t h i s   m e t h o d .   A s p h a l t e n e s ,  



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

i s o l a t e d   f o r   f u r t h e r   s t u d y   and  t h e   y i e l d   d e t e r m i n e d .  

A s p h a l t e n e s   a r e   p r e c i p i t a t e d   w i t h   n - p e n t a n e   and  f i l -  

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

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

g e l   ( p l u s   c l a y )   in   t h e   l o w e r   s e c t i o n .   The  n - p e n t a n e  

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

q u a n t i t y   of   e f f l u e n t   has   b e e n   c o l l e c t e d .   The  u p p e r  

( c l a y )   s e c t i o n   i s   r e m o v e d   f rom  t h e   l o w e r   s e c t i o n   a n d  

w a s h e d   f u r t h e r   w i t h   n - p e n t a n e   w h i c h   i s   d i s c a r d e d .   A 

t o l u e n e - a c e t o n e   m i x t u r e   5 0 / 5 0   by  v o l u m e   i s   t h e n   c h a r g -  

ed  to   t h e   c l a y   s e c t i o n   and  a  s p e c i f i e d   v o l u m e   o f  

e f f l u e n t   c o l l e c t e d .  

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

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

and  t h e   r e s i d u e s   a r e   w e i g h e d   and  c a l c u l a t e d   as  s a t u -  

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

A r o m a t i c s   a r e   c a l c u l a t e d   by  d i f f e r e n c e .  

C l a y - G e l   A n a l y s i s :  

C o m p o n e n t   C o m p o s i t i o n :  

O t h e r   a d v a n t a g e s   of  t h e   p r e s e n t   i n v e n t i o n   a r i s e  

f rom  t h e   r e l a t i v e l y   i n e x p e n s i v e   c o s t   o f   t h e   c a r b o -  

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

q u i c a r b o n a t e ,   t h e   l a c k   of   n e e d i n g   to   p r e p a r e   a  w a t e r  

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

u s e d   in   an  a q u e o u s   s o l u t i o n   f o r m ) ,   t h e   a b i l i t y   t o  

a v o i d   t h e   c o r r o s i v e   e f f e c t   of   f e r r i c   c h l o r i d e   ( b e -  

l i e v e d   to   be  l a r g e l y   c a u s e d   due  to   g e n e r a t i o n   of   H C 1 )  

on  m a n u f a c t u r i n g   e q u i p m e n t   s u c h   as  m e t a l l i c   p u m p s ,  

v a t s ,   p i p e s ,   and  so  on,  on  r o o f i n g   s t r u c t u r e s   s u c h   a s  

m e t a l l i c   v e n t s ,   f l a s h i n g ,   d r a i n s ,   and  on  c e l l u l o s i c s  



s u c h   as  a p p l i c a t i o n   mops  and  r o o f i n g   f e l t s ,   and  so  o n ,  
r e d u c e d   e n v i r o n m e n t a l   p o l l u t i o n   s i n c e   HC1  i s   n o t  

g e n e r a t e d ,   t h e   l a c k   o f   g e n e r a t i o n   of   c h l o r i n a t e d  

a r o m a t i c s ,   e t c .  

Some  of   t h e   a b o v e   a d v a n t a g e s   may  be  r e l a t e d   t o  

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

t h e   c a r b o n a t e   c a t a l y s t   b e c o m e s   c h e m i c a l l y   a n d / o r  

p h y s i c a l l y   i n c l u d e d   w i t h i n   t h e   a s p h a l t .   F o r   e x a m p l e ,  
w i t h   t h e   u s e   of   s o d i u m   c a r b o n a t e ,   a t   l e a s t   some  p o r -  
t i o n   o f   t h e   s o d i u m   i o n   a n d / o r   s o d i u m   m e t a l   r e a c t s   w i t h  

t h e   a s p h a l t   and  c a n n o t   be  r e m o v e d   by  n o r m a l   w a s h i n g  

s t e p s .   F o r   e x a m p l e ,   i t   i s   e x p e c t e d   t h a t   i n   s o m e  
e m b o d i m e n t s   t h e   p r o d u c t   o f   t h e   p r e s e n t   i n v e n t i o n   w i l l  

c o n t a i n   up  to   a b o u t   3 0 , 0 0 0   ppm  s o d i u m   as  p a r t   o f   t h e  

a s p h a l t   c o m p o n e n t   m o l e c u l e s .   A  t y p i c a l   a n a l y s i s   i s  

l e s s   t h a n   1 0 , 0 0 0   ppm,  f o r   e x a m p l e ,   1  ppm  i n   t h e   s a t u -  

r a t e ,   13  ppm  in   t h e   a r o m a t i c s ,   35  ppm  in   t h e   p o l a r  

c o m p o u n d s   and  3900  ppm  in   t h e   a s p h a l t e n e s .  

A  h i g h e r   p e n e t r a t i o n   o f   t h e   a s p h a l t i c   m a t e r i a l  

f o r   a  g i v e n   s o f t e n i n g   p o i n t   or  v i s c o s i t y   i s   an  i m p o r -  

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

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

i n v e n t i o n .  

A s p h a l t s   p r o d u c e d   by  t h e   p r e s e n t   i n v e n t i o n   h a v e  

t h e   f o l l o w i n g   p r o p e r t i e s :   P a v i n g   g r a d e   a s p h a l t s  

c e m e n t s   h a v e   a  p e n e t r a t i o n   r a n g i n g   f rom  a b o u t   40  t o  

a b o u t   3 0 0 .   A s p h a l t s   f o r   b u i l t - u p   r o o f i n g   h a v e   a  

p e n e t r a t i o n   r a n g e   f rom  a b o u t   12  to   a b o u t   60.   R o o f i n g  

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

a b o u t   50  to   a b o u t   90.  R o o f i n g   c o a t i n g   a s p h a l t s   h a v e   a  

p e n e t r a t i o n   r a n g e   f rom  a b o u t   15  to   a b o u t   2 5 .  

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

i n g   f rom  a b o u t   110°   to   a b o u t   2 5 0 ° F .   The  a s p h a l t  

p a v i n g   c e m e n t s   h a v e   a  s o f t e n i n g   p o i n t   r a n g i n g   f r o m  

a b o u t   110  to   a b o u t   1 4 0 ° F ,   and  t h e   a s p h a l t   f o r   b u i l t - u p  

r o o f i n g   h a s   a  s o f t e n i n g   p o i n t   r a n g i n g   f rom  a b o u t   1 3 0  



to  a b o u t   2 3 0 ° F ,   r o o f i n g   s h i n g l e   c o a t i n g   has   a  s o f t e n -  

i n g   p o i n t   r a n g i n g   f rom  a b o u t   210  to   a b o u t   2 5 0 ° F   a n d  

r o o f i n g   s h i n g l e   s a t u r a n t   has   a  s o f t e n i n g   p o i n t   f r o m  

a b o u t   110  to   a b o u t   1 4 0 ° F .  

In  o r d e r   to   i l l u s t r a t e   t h e   a d v a n t a g e s   and  s c o p e  
of   t h e   p r e s e n t   i n v e n t i o n ,   t h e   f o l l o w i n g   n o n - l i m i t i n g  

e x a m p l e s   a r e   p r o v i d e d .  

EXAMPLE  I  

A c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n ,   a  h i g h   q u a l i -  

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

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

y i e l d   a  s p e c i f i c a t i o n   p r o d u c t   when  s u b j e c t e d   to   t h e  

a i r   b l o w i n g   p r o c e s s .   The  s t a r t i n g   f l u x   was  made  i n  

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

u n d e r   a t m o s p h e r i c   c o n d i t i o n s   to   p r o d u c e   a  r e d u c e d  

c r u d e   r e s i d u a l .   S a i d   r e d u c e d   c r u d e   r e s i d u a l   w a s  

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

s o f t   v a c u u m   r e s i d u a l .   S a i d   s o f t   v a c u u m   r e s i d u a l  

w i t h o u t   a  c a t a l y s t   was  u s e d   as  a  f e e d   to   a  5 0 0 m l  

l a b o r a t o r y   o x i d i z e r .   The  t e m p e r a t u r e   o f   s a i d   f l u x   w a s  

r a i s e d   to   4 8 0 ° F   in   one  h o u r .   At  t h i s   t i m e ,   a i r   w a s  

i n j e c t e d   and  d i s p e r s e d   i n t o   t h e   o x i d i z e r   a t   a  r a t e  

e q u i v a l e n t   to   50  cu .   f t . / h r . / t o n .   S a i d   a i r   r a t e  

r e m a i n e d   c o n s t a n t   and  t h e   t e m p e r a t u r e   was  m a i n t a i n e d  

a t   4 8 0 - 5 0 0 ° F   u n t i l   t h e   p e n e t r a t i o n ,   7 7 ° F / 1 0 0 g / 5   s e c . ,  

on  t h e   b l o w n   f l u x   r e a c h e d   a  r a n g e   o f   6 0 - 7 0 .   T h e  

a f o r e m e n t i o n e d   a s p h a l t   f l u x   and  p r o c e s s   was  u s e d   as  a  

" b l a n k "   or  " c o n t r o l "   to   r e a l i s t i c a l l y   i l l u s t r a t e   t h e  

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

o x i d a t i o n s .   The  i d e n t i c a l   a s p h a l t   f l u x ,   a i r   r a t e ,   a n d  

t e m p e r a t u r e s   w e r e   u s e d   in   s u c c e s s i v e   s e p a r a t e   o x i d a -  

t i o n s ,   e x c e p t   0 . 5 ,   1 . 0 ,   and   2.0%  b y   w e i g h t   o f   s o d i u m  

c a r b o n a t e ,   b a s e d   on  f l u x ,   w e r e   r e s p e c t i v e l y   d i s s o l v e d  

in  w a t e r   a t   2 0 0 ° F   to   e n h a n c e   d i s p e r s i o n   and  e a c h  

s o l u t i o n   was  r e s p e c t i v e l y   a d d e d   to   t h e   t h r e e   o x i d a -  

t i o n s .   T a b l e   I  shows  t h e   c h a n g e s   in   t h e   p h y s i c a l  





p r o p e r t i e s   of   t h e   s t a r t i n g   f l u x   o x i d i z e d   to   A C - 2 0  

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

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

p e r c e n t a g e s   ( 0 . 5 ,   1 . 0   and  2 .0%  of   s o d i u m   c a r b o n a t e ) .  

An  a b n o r m a l l y   h i g h   e x o t h e r m i c   r e a c t i o n   was  n o t e d   a f t e r  

t h e   a d d i t i o n   of  s o d i u m   c a r b o n a t e .   O b v i o u s l y   1%  s o d i u m  

c a r b o n a t e   i s   t h e   o p t i m u n   p e r c e n t a g e   to  use   a c c o r d i n g  

to   t h e   d a t a   in   T a b l e   I .   L a r g e r   p e r c e n t a g e s ,   a l t h o u g h  

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

c h l o r o e t h y l e n e   b e l o w   t h e   99 .0%  minimum  s p e c i f i e d   b y  

t h e   A m e r i c a n   A s s o c i a t i o n   o f   S t a t e   H i g h w a y   O f f i c i a l s  

(AASHTO).  The  c h e m i c a l   c h a n g e s   a r e   d r a m a t i c .   T h e  

s a t u r a t e s   c o n t e n t   of   t h e   1%  s o d i u m   c a r b o n a t e   c a t a l y z e d  

s a m p l e   i s   a b o u t   77%  l e s s   t h a n   t h e   s a m p l e   o x i d i z e d  

w i t h o u t   s o d i u m   c a r b o n a t e .   A l s o   t h e r e   i s   a  s u b s t a n t i a l  

i n c r e a s e   in   t h e   p o l a r   c o m p o u n d s   ( a b o u t   40%)  and  in   t h e  

a r o m a t i c s   ( a b o u t   21%) .   T h i s   c h e m i c a l   p h e n o m e n o n   i s  

v e r y   u n u s u a l   and  n o v e l .   S o d i u m   c a r b o n a t e   s e l e c t i v e l y  

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

c o n v e r t i n g   them  to  p o l a r   c o m p o u n d s   and  a r o m a t i c s .   I t  

is   w e l l   known  to   t h o s e   f a m i l i a r   w i t h   t h e   a r t   t h a t  

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

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

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

t h i s   i n v e n t i o n   r e d u c e s   t h e   p e r c e n t a g e   of   t h e   d e t r i -  

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

i n c r e a s e s   t h e   v i s c o s i t i e s   a t   1 4 0 ° F   and  2 7 5 ° F   w i t h o u t  

a p p r e c i a b l y   a f f e c t i n g   t h e   p e n e t r a t i o n   a t   7 7 ° F / 1 0 0 g / 5  

s e c .   The  o x i d a t i o n   t i m e   on  t h e   1%  s o d i u m   c a r b o n a t e  

c a t a l y z e d   s a m p l e   was  3 . 5   h o u r s   v s .   8 .0   h o u r s   f o r   t h e  

s a m p l e   o x i d i z e d   w i t h o u t   c a t a l y s t .   T h i s   r e s u l t   s h o w s  

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

i n v e n t i o n   can   r e d u c e   t h e   o x i d a t i o n   t i m e   f o r   t h i s  

p r o c e s s   by  s l i g h t l y   o v e r   50%.  

The  r i s e   in   v i s c o s i t y   a t   a  g i v e n   p e n e t r a t i o n   o f  

an  i d e n t i c a l   f e e d s t o c k   o x i d i z e d   w i t h   1.0%  s o d i u m  



c a r b o n a t e   and  0%  s o d i u m   c a r b o n a t e   a r e   g r a p h i c a l l y  
shown  on  F i g u r e   1.  The  a s p h a l t   o x i d i z e d   w i t h   s o d i u m  

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

The  r e l a t i v e   e f f e c t i v e n e s s   of   two  c a t a l y s t s   w e l l  

known  to   t h e   a r t :   f e r r i c   c h l o r i d e   ( F e C 1 3 )   and  p h o s -  

p h o r o u s   p e n t o x i d e   (P2O5)   c o m p a r e d   w i t h   s o d i u m   c a r b o -  

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

in  T a b l e   I I .   A l l   o f   t h e   o x i d a t i o n s   w e r e   c a r r i e d   o u t  

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

t h e   same  c o n d i t i o n s   o f   t e m p e r a t u r e   and   a i r   r a t e .   T h e  

o n l y   v a r i a t i o n   was  t h e   t y p e   of   c a t a l y s t .   A l l   of   t h e  

o x i d i z e d   a s p h a l t s   me t   t h e   AASHTO  T a b l e   I I   AC-20  s p e c i -  

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

had   a  v e r y   low  v i s c o s i t y   a t   1 4 0 ° F .   The  s a t u r a t e s  

c o n t e n t   i s   m a r k e d l y   l o w e r   on  t h e   s a m p l e   o x i d i z e d   w i t h  

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

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

p o l a r   c o m p o u n d s   and  a r o m a t i c s .   The  a s p h a l t   o x i d i z e d  

w i t h   s o d i u m   c a r b o n a t e   i s   n o n - c o r r o s i v e   and  t h o s e  

o x i d i z e d   w i t h   f e r r i c   c h l o r i d e   and  p h o s p h o r o u s   p e n t -  

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

a s p h a l t   o x i d i z e d   w i t h   s o d i u m   c a r b o n a t e   was  3 .5   h o u r s  

v s .   8 . 0   h o u r s   f o r   t h e   a s p h a l t   w i t h o u t   c a t a l y s t ,   s e v e n  

h o u r s   f o r   t h e   a s p h a l t   o x i d i z e d   w i t h   p h o s p h o r o u s   p e n -  
t o x i d e   c a t a l y s t   and  3 . 5   h o u r s   f o r   t h e   s a m p l e   o x i d i z e d  

w i t h   f e r r i c   c h l o r i d e .  

EXAMPLE  I I  

ASPHALT  ROOFING  COATING 

In  a  s e c o n d   p a r t   o f   o u r   i n v e n t i o n ,   we  p r o d u c e d   a  

h i g h   q u a l i t y   r o o f i n g   a s p h a l t   c o a t i n g   i n   p l a n t   s c a l e  

e x p e r i m e n t s   in   o r d e r   to   d e m o n s t r a t e   t h e   e f f e c t i v e n e s s  

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

as  c o m p a r e d   w i t h   o x i d a t i o n   w i t h o u t   t h e   u s e   of   a  c a t a -  

l y s t .   I d e n t i c a l   f e e d s t o c k   was  u s e d   in   e a c h  

e x p e r i m e n t .  





A  7 , 0 0 0   g a l l o n   a s p h a l t   o x i d i z e r   was  c h a r g e d   i n  
e a c h   e x p e r i m e n t   w i t h   s a i d   f e e d s t o c k .   In  t h e   e x p e r i -  
ment   c o n t a i n i n g   no  c a t a l y s t ,   t h e   t e m p e r a t u r e   on  t h e  
b a t c h   o x i d i z e r   was  r a i s e d   to   4 4 0 ° F .   At  t h i s   t i m e ,   a i r  

was  i n t r o d u c e d   and  d i s p e r s e d   in   t h e   o x i d i z e r   a t   a  r a t e  

of  35  SCFH  p e r   t o n   of   f e e d s t o c k   u n t i l   l a b o r a t o r y   t e s t s  

showed   t h a t   t h e   a s p h a l t   was  w i t h i n   t h e   s o f t e n i n g   p o i n t  

s p e c i f i c a t i o n   r a n g e .   T h i s   e x p e r i m e n t   was  r e p e a t e d  

s u c c e s s i v e l y   by  e x p e r i m e n t s   r e s p e c t i v e l y   u s i n g   f e r r i c  

c h l o r i d e   and  s o d i u m   c a r b o n a t e .   A l l   o t h e r   c o n d i t i o n s  

were   t h e   s ame .   The  s o d i u m   c a r b o n a t e   (0 .8%  b a s e d   o n  

t he   w e i g h t   of   t h e   s t a r t i n g   f l u x   in   t h e   o x i d i z e r )   w a s  

d i s s o l v e d   in   w a t e r   and  i n j e c t e d   i n t o   t h e   t o p   of   t h e  

o x i d i z e r .   The  f e r r i c   c h l o r i d e   ( 0 . 3 %   b a s e d   on  t h e  

w e i g h t   of   t h e   s t a r t i n g   f l u x   i n   t h e   o x i d i z e r )   w a s  

i n j e c t e d   i n t o   t h e   o x i d i z i n g   v e s s e l   in   t h e   e x a c t   s a m e  

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

a r e   shown  in   F i g u r e   2.  The  s a m p l e   o x i d i z e d   w i t h  

f e r r i c   c h l o r i d e   e x c e l l e d   t h e   one  o x i d i z e d   w i t h o u t  

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

e x c e l l e d   b o t h   t h e   one  o x i d i z e d   w i t h o u t   a  c a t a l y s t   a n d  

t h e   one  o x i d i z e d   w i t h   0 .3%  f e r r i c   c h l o r i d e .   A g a i n ;  

t h e   a s p h a l t   o x i d i z e d   w i t h   s o d i u m   c a r b o n a t e   h a s   a  

h i g h e r   p e n e t r a t i o n   f o r   any  g i v e n   s o f t e n i n g   p o i n t   or   i s  

l e s s   s u s c e p t i b l e   to   c h a n g e s   i n   t e m p e r a t u r e .  

EXAMPLE  I I I  

SODIUM  CARBONATE  CATALYST 

We  p e r f o r m e d   a n o t h e r   l a r g e r   p l a n t   e x p e r i m e n t   i n   a  

d i f f e r e n t   p l a n t   f rom  t h a t   c i t e d   i n   E x a m p l e   II   t o  

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

n a t e   c a t a l y s t   v s .   o x i d a t i o n   w i t h o u t   a  c a t a l y s t   on  a  

f e e d s t o c k   d e r i v e d   f rom  a  d i f f e r e n t   c r u d e   s o u r c e .   A 

2 7 , 7 2 0   g a l l o n   b a t c h   a s p h a l t   o x i d i z i n g   v e s s e l   w a s  

c h a r g e d   w i t h   s a i d   f e e d s t o c k .   No  c a t a l y s t   was  u s e d   i n  

t h e   f i r s t   e x p e r i m e n t .   The  t e m p e r a t u r e   in  t h e   o x i d i z e r  

was  r a i s e d   to   3 5 0 ° F   and  a t   t h i s   t e m p e r a t u r e   a i r   w a s  



i n t r o d u c e d   and  d i s p e r s e d   i n t o   t he   o x i d i z e r   a t   a  r a t e  

of  15  SCFH  p e r   t o n .   When  the   t e m p e r a t u r e   r e a c h e d  

490°F ,   a  w a t e r   s p r a y   was  u s e d   to  s p r a y   the   top   of  t h e  

m o l t e n   a s p h a l t   w i t h i n   t h e   o x i d i z e r   to  m a i n t a i n   a  

t e m p e r a t u r e   of  4 9 0 - 5 0 0 ° F .   Th i s   w a t e r   s p r a y   was  u s e d  

to  c o n t r o l   t h e   t e m p e r a t u r e   a t   t h e   4 9 0 - 5 0 0 ° F   r a n g e   f o r  

s a f e t y   r e a s o n s   e s t a b l i s h e d   by  t h e   r e f i n e r y   whe re   t h e  

t e s t   was  c o n d u c t e d .   The  t e m p e r a t u r e   ( 4 9 0 - 5 0 0 ° F )   w a s  
m a i n t a i n e d   u n t i l   t he   o x i d a t i o n   was  c o n c l u d e d   as  d i c -  

t a t e d   by  l a b o r a t o r y   r e s u l t s   on  t h e   o x i d i z e d   a s p h a l t  
which   showed  t h a t   t h e   a s p h a l t   was  w i t h i n   s p e c i f i c a t i o n  

r a n g e .   In  a  s e c o n d   p a r t   of   t he   e x p e r i m e n t ,   t h e   s a i d  

i d e n t i c a l   s t a r t i n g   f l u x   was  o x i d i z e d   in  t he   e x a c t  

manner   e x c e p t   0.8%  s o d i u m   c a r b o n a t e ,   b a s e d   on  w e i g h t  

of  f l u x ,   was  d i s s o l v e d   in   w a t e r   a t   200°F   and  i n t r o -  

duced   i n t o   t h e   t op   of  t h e   o x i d i z e r   a t   t he   s u r f a c e   o f  

the   m o l t e n   a s p h a l t   a t   t h e   same  t i m e   a i r   was  i n t r o d u c e d  

i n t o   t he   b o t t o m   of   t h e   o x i d i z e r .   F i g u r e   3  s h o w s   t h e  

r e s u l t s   of  t h e   e x p e r i m e n t   and  i l l u s t r a t e s   t h a t   a t   a  

g i v e n   s o f t e n i n g   p o i n t   t h e   c o r r e s p o n d i n g   p e n e t r a t i o n   i s  

h i g h e r   on  t h e   a s p h a l t   c a t a l y t i c a l l y   o x i d i z e d   w i t h  

sod ium  c a r b o n a t e   or  t h e   s a i d   c a t a l y t i c a l l y   o x i d i z e d  

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

t h a n   t he   a s p h a l t   o x i d i z e d   w i t h o u t   a  c a t a l y s t .  

EXAMPLE  IV 

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

w i t h   t he   f o l l o w i n g   r e s u l t s .   T h e s e   r u n s   i l l u s t r a t e   t h e  

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

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

A.  C o m m e r c i a l l y   a v a i l a b l e   s o d i u m   s e s q u i c a r b o n a t e  

c r y s t a l s   were   p r e s s u r e   i n j e c t e d   i n t o   an  o x i d i z e r  

c o n t a i n i n g   400  b a r r e l s   of  an  a s p h a l t   f l u x   d e r i v e d   f r o m  

I l l i n o i s   B a s i n   c r u d e   o i l   (0 .5%  by  w e i g h t   of  c a t a l y s t  

b a s e d   on  t h e   f l u x ) .   The  c a r b o n a t e   c r y s t a l s   w e r e  

i n j e c t e d   a f t e r   t he   o x i d i z e r   had  r e a c h e d   a  t e m p e r a t u r e  

of  a b o u t   3 5 0 ° F .   The  o x i d a t i o n   was  c a r r i e d   ou t   f o r  



a p p r o x i m a t e l y   20  h o u r s   d u r i n g   w h i c h   t i m e   t he   t e m p e r a -  
t u r e   g r a d u a l l y   i n c r e a s e d   t ?   5 0 0 ° F .   The  a s p h a l t  

p r o d u c t   had   a  p e n e t r a t i o n   o f   19  and  a  s o f t e n i n g   p o i n t  
o f   2 2 4 ' F ,   in  c o m p a r i s o n   w i t h   a  c o n t r o l   (no  c a t a l y s t )  
w h i c h   had  a  p e n e t r a t i o n   of  17  and  a  s o f t e n i n g   p o i n t   o f  

2 1 6 ° F   a f t e r   t h e   same  l e n g t h   of   t i m e .  

B.  In  a n o t h e r   r u n ,   b u t   u s i n g   an  a s p h a l t   f l u x  

o b t a i n e d   f rom  M u r b a n   c r u d e   o i l   and  0.6%  by  w e i g h t   o f  

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

and  a  maximum  t e m p e r a t u r e   o f   4 9 0 ° F   a f t e r   24  h o u r s   a n  

a s p h a l t   h a v i n g   a  p e n e t r a t i o n   o f   19  and  a  s o f t e n i n g  

p o i n t   of   2 2 5 ° F   was  o b t a i n e d .   T h i s  t i m e ,   t he   c o n t r o l  

r u n   y i e l d e d   an  a s p h a l t   h a v i n g   a  p e n e t r a t i o n   of  15  a n d  

a  s o f t e n i n g   p o i n t   of   2 2 5 ° F .  

C.  In  t h i s   r u n ,   400  b a r r e l s   o f   a  m i x e d   a s p h a l t  

f l u x ,   t h a t   i s   d e r i v e d   f rom  m i x e d   c r u d e   o i l   s o u r c e s ,  

was  o x i d i z e d   in   t h e   p r e s e n c e   o f   0 . 2 5 %   by  w e i g h t   s o d i u m  

c a r b o n a t e   p r o v i d e d   t o   t h e   o x i d i z e r   i n   a  dry   p o w d e r e d  

f o r m .   The  o x i d a t i o n   was  c a r r i e d   o u t   f o r   26  h o u r s   a t   a  

maximum  t e m p e r a t u r e   o f   5 0 0 ° F .   The  p r o d u c t   had  a  p e n e -  
t r a t i o n   of   18  and  a  s o f t e n i n g   p o i n t   of  2 2 3 ° F .   T h e  

v a l u e s   o b t a i n e d   w i t h   t h e   c o n t r o l   o x i d i z e d   u n d e r   t h e  

same  c o n d i t i o n s   i n   t h e   a b s e n c e   o f   c a t a l y s t   w e r e   a  

p e n e t r a t i o n   o f   14  and   s o f t e n i n g   p o i n t   o f  2 2 4 ° F .  

D.  A n o t h e r   m i x e d   a s p h a l t   f l u x   was  o x i d i z e d   f o r  

27  h o u r s   a t   a  maximum  t e m p e r a t u r e   of   500°F   in   t h e  

p r e s e n c e   o f   0 .5%  by  w e i g h t   d r y   p o w d e r e d   s o d i u m   c a r b o n -  

a t e   t o   y i e l d   an  a s p h a l t   h a v i n g   a  p e n e t r a t i o n   of   20  a n d  

a  s o f t e n i n g   p o i n t   o f   2 2 2 ° F .   The  c o n t r o l   y i e l d e d   a  

p r o d u c t   h a v i n g   a  p e n e t r a t i o n   o f   14  and   a  224°F   s o f t e n -  

i n g   p o i n t .  

In  e a c h   o f   t h e   a b o v e   r u n s   A  t h r o u g h   D,  t h e   t o t a l  

a m o u n t   of   c a t a l y s t   was  a d d e d   when  t h e   o x i d i z e r   r e a c h e d  

t h e   o x i d a t i o n   t e m p e r a t u r e   o f   a b o u t   3 5 0 ° F .  

EXAMPLE  V 

T h i s   e x a m p l e   i l l u s t r a t e s   t h e   e m b o d i m e n t   o f   t h e  

p r e s e n t   i n v e n t i o n   w h e r e   a  p a r a f f i n i c   h y d r o c a r b o n   i s  



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

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

t i o n   i s   c a r r i e d   o u t .   I 

A  n u m b e r   of   l a b o r a t o r y   r u n s   were   c a r r i e d   o u t .   I n  
e a c h   r u n ,   500  g r a m s   o f   t h e   same  r o o f i n g   g r a d e   f l u x  

h a v i n g   a  s a t u r a t e   c o n t e n t   of   11%  was  o x i d i z e d   a t   4 8 0 ° F  
w i t h   a i r   as  o x i d i z i n g   gas   b e i n g   p r o v i d e d   a t   a  r a t e   o f  

1 . 0   SCFH  ( o n e   s t a n d a r d   c u b i c   f o o t   p e r   h o u r ) .   In  e a c h  

of   t h e   r u n s   w h e r e   s o d i u m   c a r b o n a t e   was  u s e d   as  a  c a t a -  

l y s t   d u r i n g   t h e   o x i d a t i o n ,   i t   was  a d d e d   to   t h e   f l u x ,  
in   an  a m o u n t   to   p r o v i d e   1%  s o d i u m   c a r b o n a t e   b a s e d   o n  .  
w e i g h t   of   t h e   f l u x ,   i n   t h e   form  of   a  w a t e r   s o l u t i o n  

t h e r e o f   p r i o r   to   c o m m e n c e m e n t   of   a d d i t i o n   o f   t h e   o x i -  

d i z i n g   g a s .  
Run  A  In  t h e   f i r s t   r u n ,   c a r r i e d   o u t   w i t h o u t  

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

p e n e t r a t i o n   o f   10  and  a  s o f t e n i n g   p o i n t  
of   2 3 0 ° F   a f t e r   an  o x i d a t i o n   t i m e   o f  

21  h o u r s .  

Run  B  Run  B  was  i d e n t i c a l   to   Run  A  e x c e p t   f o r  

t h e   a d d i t i o n   of   t h e   s o d i u m   c a r b o n a t e   c a t a -  

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

of   10  and  a  s o f t e n i n g   p o i n t   o f   2 4 1 ° F   a f t e r  

21  h o u r s   o x i d a t i o n   t i m e .  

Run  C  Run  C  was  i d e n t i c a l   to   Run  A  e x c e p t  
t h a t   t h e   s t a r t i n g   f l u x   c o n s i s t e d   o f   90%  o f  

t h e   f l u x   o f   Run  A   a d m i x e d   w i t h   1 0 %  w a x .  

A f t e r   2 4  h o u r s   o x i d a t i o n   t i m e ,   t h e   a s p h a l t  

p r o d u c t   had   a  p e n e t r a t i o n   o f   15  and  a  

s o f t e n i n g   p o i n t   of   2 2 9 ° F .  

Run  D  Run  D  was  i d e n t i c a l   to   Run  C  (10%  w a x )  

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

was  p r e s e n t   d u r i n g   t he   o x i d a t i o n .   T h e  

a s p h a l t   p r o d u c t   had  a  p e n e t r a t i o n   o f   18  a n d  

a  s o f t e n i n g   p o i n t   of   239°F   a f t e r   21  h o u r s  

o x i d a t i o n   t i m e .  



Run  E  Run  E  was  i d e n t i c a l   t o   Run  C  e x c e p t  
t h a t   t h e   wax  c o n t e n t   was  r a i s e d   to   20%  ( 8 0 %  
Run  A  f l u x / 2 0 %   w a x ) .   The  a s p h a l t   p r o d u c t  
had   a  p e n e t r a t i o n   o f  1 9   and  a  s o f t e n i n g  

p o i n t   of   2 2 7 ° F   a f t e r   1 4 . 5   h o u r s   o x i d a t i o n  

t i m e .  

Run  F  Run  F  was  i d e n t i c a l   to   Run  C  e x c e p t  
t h a t   a  p e t r o l a t u m   was  u s e d   in   p l a c e   o f   t h e  

wax  as  t h e   a d d e d   s a t u r a t e .   A f t e r  

16  1 /3   h o u r s   o x i d a t i o n   t i m e ,   t h e   a s p h a l t  

p r o d u c t   h a d   a  p e n e t r a t i o n   of   11  and  a  

s o f t e n i n g   p o i n t   of   2 3 2 ° F .  

Run  G  Run  G  was  i d e n t i c a l   t o   Run  F  e x c e p t  

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

p r e s e n t .   The  a s p h a l t   p r o d u c t   had  a  p e n e t r a -  

t i o n   o f   17  and  a  s o f t e n i n g   p o i n t   o f   2 3 0 ° F  

a f t e r   8 . 5   h o u r s   o x i d a t i o n   t i m e .  

V a r i a t i o n s   o f   t h e   i n v e n t i o n   w i l l   be  a p p a r e n t   t o  

t h e   s k i l l e d   a r t i s a n .  



1.  A  p roces s   for   p roduc ing   a s p h a l t i c   m a t e r i a l ,   which  c o m p r i s e s  

o x i d i s i n g   l i q u i d   b i tuminous   m a t e r i a l   by  p a s s i n g   an  o x i d i s i n g   g a s  

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

the  c a t a l y s t   is  a  c a r b o n a t e   s a l t .  

2.  A  p r o c e s s   a c c o r d i n g   to  claim  1,  c h a r a c t e r i s e d   in  t ha t   t h e  

amount  of  c a t a l y s t   added  to  the  b i tuminous   m a t e r i a l   is  from  0 . 0 1  

to  5.0%  by  w e i g h t .  

3.  A  p roce s s   a c c o r d i n g   to  claim  1  or  2,  c h a r a c t e r i s e d   in  t h a t  

the  c a t a l y s t   is  a  c a rbona t e   or  b i c a r b o n a t e   s a l t   of  c a l c i u m ,  

magnesium,  cerium,  barium,  s t r o n t i u m ,   l i t h i u m ,   ammonium,  p o t a s s i u m ,  

b i smuth ,   l ead ,   t e t r a a l k y l p h o s p h o n i u m ,   t e t r a a r y l p h o s p h o n i u m ,  

t e t r a a l k y l a m m o n i u m ,   t r i a lky lammonium,   dialkylammonium,  a  t r a n s i t i o n  

metal   or  a  r a re   e a r t h   m e t a l .  

4.  A  p rocess   a c c o r d i n g   to  any one  of  c la ims  1  -  3 ,   w h e r e i n  

the  r e a c t i o n   is  conducted   at  a tmospher ic   p r e s s u r e   or  above  and  t h e  

o x i d i z i n g   gas  is  passed   through  the  b i tuminous   m a t e r i a l   at  a  r a t e  

r a n g i n g   from  about  15  to  35  cubic  f ee t   per  hour,   per  ton,  o f  

b i t uminous   m a t e r i a l   (0.5  to  l m 3 / h r / t o n n e ) .  

5.  A  p roces s   a c c o r d i n g   to  any  one  of  c la ims  1  -  4 ,   w h e r e i n  

the  p roces s   is  c a r r i e d   out  at  a  t empera tu re   of  from  350 F  to  5 5 0  F  

(177°  to  2 8 8 ° C ) .  

6.  A  p rocess   a cco rd ing   to  any one  of  c la ims  1  -   5,  w h e r e i n  

the  o x i d a t i o n   p rocess   is  c a r r i e d   out  at  a  t e m p e r a t u r e   of  above 



the  m e l t i n g   poin t   of  the  b i t u m i n o u s   m a t e r i a l .  

7.  A  p rocess   a c c o r d i n g   to  any  one  of  claims  1  -  6 ,   w h e r e i n  

the  c a t a l y s t   is  i n t r o d u c e d   in to   the  b i tuminous   m a t e r i a l   as  a  

s o l u t i o n   or  su spens ion   in  w a t e r .  

8.  A  p rocess   a c c o r d i n g   to  any  one  of  claims  1  -  6 ,   w h e r e i n  

the  c a t a l y s t   is  i n t r o d u c e d   in to   the  b i tuminous   m a t e r i a l   in  s o l i d  

p a r t i c u l a t e   fo rm.  

9.  A  p rocess   a c c o r d i n g   to  any  one  of  claims  1  -  8 ,   w h e r e i n  

a  p a r a f f i n   is  i n t r o d u c e d   in to   the  b i tuminous   m a t e r i a l   to  i n c r e a s e  

the  s a t u r a t e   con ten t   t h e r e o f   p r i o r   to  o x i d a t i o n .  

10.  A  p rocess   a c c o r d i n g   to  any  one   of  claims  1  -   9,  w h e r e i n  

the  b i t uminous   m a t e r i a l   is  s l u r r y   o i l ,   coal  t a r ,   coal  t a r   p i t c h ,  

p e t r o l e u m   p i t c h ,   cycle   o i l ,   a s p h a l t ,   c y l i n d e r   s tock,   a  l i q u i d  

d e r i v e d   from  shale   or  the  l i q u e f a c t i o n   of  coal,   or  an  a r o m a t i c  

f u r f u r a l   e x t r a c t   o b t a i n e d   from  the  so lven t   r e f i n i n g   of  lube  o i l ,  

or  a  m ix tu re   of  two  or  more  t h e r e o f .  

11.  A  p rocess   a c c o r d i n g   to  any  one  of  claims  1  -   10,  w h e r e i n  

the  b i t u m i n o u s   s t a r t i n g   m a t e r i a l ,   c o n t a i n s   from  10  to  20%  a s -  

p h a l t e n e s ,   15  to  25%  s a t u r a t e s   and  20  to  35%  po l a r   compounds,  w i t h  

the  r ema inde r   be ing   s u b s t a n t i a l l y   a r o m a t i c s ,   and  has  a  v i s c o s i t y  

of  from  30  to  400  s aybo l t   f u r a l   seconds  at  210°F.  

12.  A  p rocess   a c c o r d i n g   to  any  one  of  claims  1  -   10,  w h e r e i n  

the  b i t uminous   s t a r t i n g   m a t e r i a l ,   c o n t a i n s   from  5  to  15%  a s p h a l -  



t e n e s ,   10  to  35%  s a t u r a t e s   and  from  20  to  35%  p o l a r   compounds,  w i t h  

the  r emainder   be ing   a r o m a t i c s ,   and  has  a  v i s c o s i t y   of  from  30  t o  

400  s aybo l t   fu ra l   seconds  at  210°F.  

13.  A  high  grade  paving   a s p h a l t i c   m a t e r i a l   c o n s i s t i n g  

e s s e n t i a l l y   of  by  clay  gel  a n a l y s i s   ( n -pen tane   s o l v e n t )   from  15% 

to  25%  pentane   i n s o l u b l e   a s p h a l t e n e s ,   from  3%  to  15%  p e n t a n e  

s o l u b l e   s a t u r a t e s ,   from  30%  to  50%  pentane  s o l u b l e   p o l a r   compounds 

and  from  25%  to  35%  pentane   s o l u b l e   a r o m a t i c s .  

14.  A  high  grade  r o o f i n g ,   sh ing le   s a t u r a n t   or  s h i n g l e   c o a t i n g  

a s p h a l t i c   m a t e r i a l   c o n s i s t i n g   e s s e n t i a l l y   of  by  c lay  gel  a n a l y s i s  

( n - p e n t a n e   s o l v e n t )   from  35  to  45%  p e n t a n e  i n s o l u b l e   a s p h a l t e n e s ,  

from  5  to  30%  pentane  s o l u b l e   s a t u r a t e s ,   from  30  to  40%  p e n t a n e  

so lub l e   po l a r   compounds  and  from  10  to  30%  pentane   s o l u b l e  

a r o m a t i c s .  
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