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@  Process  for  preparing  modified  asphalts. 

An  asphalt  is  modified  by  mild  oxidation,  with  for 
example,  air,  oxygen  or  hydrogen  peroxide,  at  a  tempe- 
ratur  of  140°C  to  170°C  for  up  to  one  hour  such  that 
the  softening  point  of  the  asphalt  is  not  materially  alter- 
ed.  Substantially  reduced  reactivity  toward  sulfur  is  im- 
parted.  Such  a  mildly  oxidised  asphalt  can  be  treated 
immediately  with  sulfur  at  a  temperature  of  120°C  to  170°C 
form  a  sulfur  modifier  product.  Alternatively,  the  mildly 
oxidised  product  can  be  stored  hot  and  subsequently 
treated  with  sulfur,  for  example,  at  a  road-making  site, 
without  the  high  hydrogen  sulfide  evolution  often  en- 
countered  with  known  products. 



This  i n v e n t i o n   r e l a t e s   to  a  p roce s s   for  p r e p a r i n g   m o d i f i e d  

a s p h a l t s .   The  term  a s p h a l t   is  employed  h e r e i n   synonymously  w i t h  

the  term  b i t u m e n .  

I t   is  known  t h a t   the  a d d i t i o n   of  s u l f u r   to  a s p h a l t   l eads   t o  

modi f i ed   b i n d e r s   having  improved  w o r k a b i l i t y   and  m e c h a n i c a l  

c h a r a c t e r i s t i c s .   However,  the  b l e n d i n g   o p e r a t i o n ,   which  must  t a k e  

p lace   above  120oC(me l t i ng   p o i n t   of  s u l f u r ) ,   is  g e n e r a l l y  

accompanied  by  the  e v o l u t i o n   of  s i g n i f i c a n t   amounts  of  H2S.  T h i s  

is  due  to  the  r e a c t i o n   of  s u l f u r   with  some  mo lecu le s   of  t h e  

a s p h a l t   b lend  which  are  e s p e c i a l l y   prone  to  i t .  

I t   is  an  o b j e c t   of  the  p r e s e n t   i n v e n t i o n   to  p r o v i d e   a n  

improved  a s p h a l t ,   which  when  t r e a t e d   with  s u l f u r   g ives   r i s e   t o  

d e c r e a s e d ,   or  no,  H2S  e v o l u t i o n .  

Accord ing   to  one  a s p e c t   of  the  p r e s e n t   i n v e n t i o n   t h e r e   i s  

p r o v i d e d   a  p r o c e s s   for  mod i fy ing   a s p h a l t   by  c o n t a c t i n g   t h e  

a s p h a l t   with  an  o x i d a n t ,   o p t i o n a l l y   in  the  p r e s e n c e   of  a  c a t a l y s t ,  

where in   the  a s p h a l t   is  c o n t a c t e d   with  a  l i q u i d   or  gaseous   o x i d a n t  

at  a  t e m p e r a t u r e   of  140°C  to  170°C  for  a  p e r i o d   up  to  one  h o u r ,  

such  t h a t   the  s o f t e n i n g   p o i n t   of  the  a s p h a l t   is  not  m a t e r i a l l y  

a l t e r e d   and  the  r e a c t i v i t y   of  the  a s p h a l t   toward  s u l f u r   i s  

d e c r e a s e d .  

I t   has  been  found  t h a t   s o l i d   o x i d a n t s ,   for  example,   chromium 

t r i o x i d e   and  phosphorus   p e n t a s u l f i d e   are  not  s u i t a b l e   for  use  i n  

i n v e n t i o n .   A  s u i t a b l e   l i q u i d   o x i d a n t   is  hydrogen  p e r o x i d e .  

P r e f e r a b l y ,   however,   the  o x i d a n t   is  a i r   or  o x y g e n .  

The  t e m p e r a t u r e   of  c o n t a c t   is  in  the  range  140°C  to  170°C,  

more  e s p e c i a l l y   145°C  to  155°C.  I t   is  p r e f e r r e d   t h a t   t h e  



d u r a t i o n   of  the  c o n t a c t   is  not  more  than  one  hour,   t y p i c a l l y  

10  to  20  minutes   depend ing   on  the  f e e d s t o c k   be ing   p r o c e s s e d .   I n  

a cco rdance   with  the  i n v e n t i o n   the  p r o d u c t   is  one  in  which  t h e  

s o f t e n i n g   p o i n t   of  the  s t a r t i n g   m a t e r i a l   is  not  s i g n i f i c a n t l y  

a l t e r e d .  

Thus,  the  p r o d u c t   of  such  a  p r o c e s s   is  a  d e l i b e r a t e l y   m i l d l y  

o x i d i z e d   a s p h a l t   and  hence  is  very  d i f f e r e n t   from  the  w e l l -  

known  o x i d i z e d   or  "blown"  a s p h a l t   p r o d u c t s   which  are  n o r m a l l y  

p r e p a r e d   by  o x i d a t i o n  f o r   from  4  to  8  hours  at  240°C  to  290°C.  

The  p r o d u c t   is   a l so   very  d i f f e r e n t   from  t h a t   d i s c l o s e d   i n  

Uni ted  Kingdom  P a t e n t   278,679  p u b l i s h e d   in  1928.  The  d i s c l o s u r e  

t h e r e   is  of  a  t a r ,   t a r   o i l   or  a n t h r a c e n e   o i l   o x i d i s e d   with  a i r ,  

or  a  l i q u i d   o x i d a n t   s u c h  n i t r i c   ac id ,   to  an  e x t e n t   t h a t   t h e  

p r o d u c t   (i)  r e t a i n s   a  s u f f i c i e n t   degree   of  f l u i d i t y   ( i i )   i s  

i n s e n s i t i v e   to  w a t e r ,   so  t h a t   i t   can  be  d i r e c t l y   used  in  r o a d  

c o n s t r u c t i o n .  

W h i l s t   i t   can  have  o t h e r   uses ,   the  m i l d l y   o x i d i s e d   p r o d u c t  

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

p r e p a r a t i o n   of  a s p h a l t / s u l f u r /   m a t e r i a l s ,   p r e f e r a b l y   w i t h  

s u l f u r   which  is  not   c h e m i c a l l y   bound  or  c o m b i n e d .  

Accord ing   to  a n o t h e r   a s p e c t   of  the  i n v e n t i o n ,   a  s u l f u r -  

m o d i f i e d   a s p h a l t   is  o b t a i n e d   by  b l e n d i n g   the  m i l d l y   o x i d i s e d  

p r o d u c t   with  s u l f u r   at  a  t e m p e r a t u r e   in  the  range  1200C  to  170°C.  

T h e   s t e p s  o f   c o n t a c t i n g   with  the  o x i d a n t   and  with  the  s u l f u r   a r e  

p r e f e r a b l y   conduc ted   at  s u b s t a n t i a l l y   the  same  t e m p e r a t u r e   i n  

the  r a n g e  1 4 0  C   to  170°C,  more  e s p e c i a l l y   145 C  to  155 C.  The 

s tep  of  c o n t a c t i n g   wi th   s u l f u r   need  not  n e c e s s a r i l y   i m m e d i a t e l y  

fo l low  the  mild  o x i d a n t   but  can,  i f   d e s i r e d ,   fo l low  l a t e r ,   f o r  

example,   at  a  r o a d - m a k i n g   s i t e .  



The  s u l f u r   may  be  employed  in  amount  from  up  to  45  wt%, 

more  e s p e c i a l l y   30  wt  %. 

The  a s p h a l t   f e e d s t o c k   employed  in  p r o c e s s e s   of  the  i n v e n t i o n  

may  be  any  one  of  the  known  n o n - o x i d i z e d   m a t e r i a l s ,   for  e x a m p l e ,  

the  p e n e t r a t i o n   grade  a s p h a l t s   such  as  40/60  to  180/220,   p r e f e r a b l y  

80/100.   However,  such  s o f t e r   p e t r o l e u m   r e s i d u a   can  be  e m p l o y e d ,  

for  e x a m p l e , ; t h o s e   with  p e n e t r a t i o n s   of  about   600,  or  h i g h e r ,  

i n c l u d i n g   the  l i g h t   600-800  grade  (ASTM  D  5 ) .  

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

f o l l o w i n g   E x a m p l e s : -  

Example  1   In  t h i s   example  ten  d i f f e r e n t   a s p h a l t   types   were  t e s t e d  

with  r e s p e c t   to  t h e i r   r e a c t i v i t y   with  s u l f u r .   The  r e a c t i v i t y   was 

q u a n t i f i e d   by  the  c u m u l a t i v e   q u a n t i t y   of  H2S  evolved   du r ing   t h e  

f i r s t   ten  m i n u t e s  o f   t r e a t m e n t   of  the  a s p h a l t   with  e l e m e n t a l  

s u l f u r  a t   150°C.  

Table  1  shows  for  each  m a t e r i a l   i t s   crude  o i l   o r i g i n ,   i t s  

p e n e t r a t i o n  a n d   the  sa id   H2S  q u a n t i t y   e v o l v e d .  

The  f i r s t   s ix   m a t e r i a l s   show  e s s e n t i a l l y   the  same  r e a c t i v i t y  

to  s u l f u r ,   i n d e p e n d e n t   of  the  crude  o i l   o r i g i n .   Moreover ,   a s  

i n d i c a t e d   by  Tests   2  and  3,  the  r e a c t i v i t y   is  s u b s t a n t i a l l y  

i n d e p e n d e n t   of  the  p e n e t r a t i o n ,   so  t h a t   s h o r t   and  long  run  vacuum 

r e s i d u a   p roduced   from  the  same  crude  o i l   behave  s u b s t a n t i a l l y  

s i m i l a r l y   when  t r e a t e d   with  the  s u l f u r .  

Tes t s   Nos  7  and  8  were  conduc ted   with  two  d i f f e r e n t   b lends   o f  

s t r a i g h t   run  vacuum  r e s i d u a   and  o x i d i z e d   vacuum  r e s i d u a ,   t h a t   i s  

to  say  the  normal  f u l l y   o x i d i z e d   m a t e r i a l .   The  b lends   show  l e s s  

r e a c t i v i t y   with  s u l f u r   under  the  s t a t e d   c o n d i t i o n s .  



F i n a l l y ,   T e s t s   9  and  10  were  conduc ted   with  two  m i l d l y   b lown  

m a t e r i a l s   made  in  a c c o r d a n c e   wi th   the  i n v e n t i o n .   Both  m a t e r i a l s   show  a  

c o n s i d e r a b l y   r educed   r e a c t i v i t y   with  s u l f u r   under  the  s t a t e d   c o n d i t i o n s ,  

the  o r i g i n   of  c rude  o i l   be ing  u n i m p o r t a n t .   I t   w i l l   be  seen  t h a t   t h e  

r e a c t i v i t y   is   a p p r e c i a b l y   l e s s   than  even  the  b lends   7  and  8;  i n d i c a t i n g  

tha t   the  r e s u l t s   o b t a i n a b l e   by  means  of  the  i n v e n t i o n   cannot   be  a c h i e v e d  

by  mere  b l e n d i n g   of  known  blown  and  un-blown  m a t e r i a l s .  

Example  2  In  o rde r   to  i l l u s t r a t e   s u i t a b l e   c o n d i t i o n s  f o r   c o n d u c t i n g  

the  mild  o x i d a t i o n ,   a  s e r i e s   of  a i r   blowing  e x p e r i m e n t s   was  c o n d u c t e d  

on  some  a s p h a l t   m a t e r i a l s   at  150°C  or  165°C  and  for   o x i d a t i o n   t imes   i n  

the  range  5  to  60  m i n u t e s .   The  a s p h a l t s   employed  were  (1)  a  s t r a i g h t  

run  vacuum  res iduum  from  an  Arab ian   L igh t   crude  (2)  a  blend  of  s t r a i g h t  

run  vacuum  r e s iduum  hav ing   a  p e n e t r a t i o n   80  to  100  and  (3)  a  s t r a i g h t  

run  vacuum  r e s iduum  of  p e n e t r a t i o n   80  to  100  from  an  A r a b i a n  H e a v y  

crude  o i l .  

Fig  1  is   a  p l o t   of  r e l a t i v e   r e a c t i v i t y   of  the  v a r i o u s   o x i d i z e d  

m a t e r i a l s   thus   p roduced   wi th   s u l f u r ,   a g a i n s t   o x i d a t i o n   t ime.   With  a l l  

m a t e r i a l s   H2S  is   r educed   by  50%  a f t e r   only  15  mins  a i r   b lowing,   a n d  

by  75%  a f t e r   1  h o u r .  

S i m i l a r   r e s u l t s   were  o b t a i n e d   employing  hydrogen  p e r o x i d e   as  t h e  

o x i d a n t .   By  c o n t r a s t   NH4NO3,  Cr03  and  P205  do  not  p r o d u c e  

s i m i l a r   r e s u l t s .  

Example  3  This  example  i l l u s t r a t e s   tha t   the  m i l d l y   o x i d i z e d   p r o d u c t  

of  the  i n v e n t i o n   r e t a i n s   i t s   low  r e a c t i v i t y   to  s u l f u r   over  a  s t o r a g e  

pe r iod   at  150°C  of  ten  or  more  days.   This  is  very  i m p o r t a n t   in  p r a c t i c e  

in  t ha t   the  o x i d i z e d   p r o d u c t   can  be  made  and  h o t - s t o r e d   in  one  l o c a t i o n  

and  t h e r e a f t e r   b l ended   wi th   s u l f u r   at  ano the r   l o c a t i o n   days  l a t e r .  



Fig  2  shows  the  r e s u l t s   o b t a i n e d   with  an  a s p h a l t   of  p e n e t r a t i o n   80 

to  100  from  an  Arabian   Heavy  crude  and  a  r e s i d u e   from  the  vacuum 

d i s t i l l a t i o n   of  an  Arabian   Light   c rude .   The  f i g u r e   c l e a r l y   shows  t h a t  

even  a f t e r   10  days  s t o r a g e ,   both  p r o d u c t s   are  s t i l l   c o n s i d e r a b l y   l e s s  

r e a c t i v e   wi th   s u l f u r   then  the  c o r r e s p o n d i n g   unblown  m a t e r i a l s .  

The  s u l f u r - m o d i f i e d ,   m i l d l y   o x i d i z e d   a s p h a l t s   of  the  i n v e n t i o n  

have  c o n s i d e r a b l e   impor t ance   as  b i n d i n g   a g e n t s   in  r oad -mak ing   and  

r o a d - s u r f a c i n g   o p e r a t i o n s ,   among  o t h e r   u se s .   H2S  e v o l u t i o n   h a s  

h i t h e r t o   p r e s e n t e d   problems  which  sometimes  r u l e   out  the  p o s s i b i l i t y   o f  

us ing   s u l f u r - m o d i f i e d   a s p h a l t s   even  though  they  have  d e s i r a b l e   p r o p e r t i e s .  

By  means  of  the  i n v e n t i o n   H2S  e v o l u t i o n   can  be  r educed ,   t h e r e b y  

widening   the  p r a c t i c a l   scope  of  use  of  s u l f u r - m o d i f i e d   a s p h a l t s ,   s i n c e  

the  i m p o r t a n t   p r o p e r t i e s   of  those   are  not  s i g n i f i c a n t l y   a f f e c t e d   in  t h e  

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





1.  A  p r o c e s s   for  modi fy ing   a s p h a l t   by  c o n t a c t i n g   the  a s p h a l t  

with  an  o x i d a n t ,   o p t i o n a l l y   in  the  p r e s e n c e   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  a s p h a l t   is  c o n t a c t e d   with  a  l i q u i d   o r  

gaseous  o x i d a n t  a t   a  t e m p e r a t u r e   of  140°C  to  170°C  for  a  p e r i o d  

up  to  one  hour ,   such  t h a t   the  s o f t e n i n g   p o i n t   of  the  a s p h a l t   i s  

not  m a t e r i a l l y   a l t e r e d   and  the  r e a c t i v i t y   of  the  a s p h a l t   t o w a r d  

s u l f u r   is  d e c r e a s e d .  

2.  A  p r o c e s s   as  c laimed  in  c la im  1,  where in   the  o x i d a n t   i s  

oxygen  or  a i r .  

3.  A  m o d i f i e d   a s p h a l t   whenever  p r e p a r e d   by  e i t h e r   of  t h e  

p r e c e d i n g   c l a i m s .  

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

c h a r a c t e r i s e d   by  c o n t a c t i n g   the  m o d i f i e d   a s p h a l t   c la imed  i n  

claim  3  with  n o n - c h e m i c a l l y - c o m b i n e d   or  bound  s u l f u r ,   in  t h e  

t e m p e r a t u r e   range  120°C  to  170°C.  

5.  A  p r o c e s s   as  c la imed  in  c la im  4,  where in   the  c o n t a c t i n g   w i t h  

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

with  the  o x i d a n t .  

6.  A  p r o c e s s   as  c laimed  in  c la im  5,  where in   the  s t eps   o f  

c o n t a c t i n g   with  the  o x i d a n t   and  with  the  s u l f u r   are  b o t h  

conducted   a t  s u b s t a n t i a l l y   the  same  t e m p e r a t u r e ,  

w h i c h   t e m p e r a t u r e   is  in  the  range  140 C  to  1 7 0  C ,  

p r e f e r a b l y   145°C  to  155  0 C. 

7.  A  s u l f u r - m o d i f i e d   a s p h a l t   whenever  produced  by  the  p r o c e s s  

c la imed  in  any one  of  c la ims  4  to  6 .  
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