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s y m im ;

Undor w oatlioririg’ c o n d it io n s  'bitum en su r  f a c in g s  d e t e r i o r a t e ,  

l a r g e ly  duo to  o x id a t io n  'by a tm o sp h e ric  oxygen. The ag o in g  o f  th o  

exposod s u r f a c e  can  ho a t t r i b u t od to  th o  o f f c o t  o f  p h o to -o x id a tio n  

w hereas th e  in n e r  l a y e r s  a r e  s u b je c te d  to  slow o x id a t io n  in  th o  

d a rk , i . e .  th e rm a l o x id a tio n *  I t  i s  known t h a t  p e tro le u m  "bitumens 

when used  a s  b in d e r s  in  den se  ro a d  su r  f a c in g s  may p roduce  smooth 

s u r f a c e s  o f  lo i/ sk id  r e s i s t a n c e  w h ile  T r in id a d  Lake A sp h a lt i s  

l i k e l y  to  g iv e  a  ro u g h e r t e x t u r e .  T h is  can  be a t t r i b u t e d  to  th e  

f a c t  t h a t  T r in id a d  Lake A sp h a lt i s  more s u s c e p t ib le  to  o x id a t io n  

th a n  p e tro leu m  b itum ens and? t h e r e f o r e ? p rone  to  s l i g h t  s u r fa c e  

a b ra s io n .

In  view  o f th e  im p o rtan ce  o f s k id  r e s i s t a n c e  in  modern 

h ig h -sp e e d  m otorw ays ? i t  i s  o f  i n t e r e s t  to  s tu d y  th e  d i f f e r e n c e  

in  b e h a v io u r o f  T r in id a d  Lake A sp h a lt and p e tro leu m  b itum ens d u r in g  

o x id a t io n #  and a s tu d y  o f th e  p a r t i  ou Is^r com ponents o f  T r in id a d  

Lake A sp h a lt r e s p o n s ib le  f o r  i t s  b e t t o r  p e rfo rm ance  a s  a ro ad  

b in d e r  i n  r o l l e d  a s p h a l t .  W ith t h i s  pu rpose  th e  i n v e s t i g a t io n  

h a s  been  d e s ig n e d  on th e  fo l lo w in g  b a s i s o -

(1 ) B itum en f r a c t i o n a t i o n  and c h a r a c t e r i s a t i o n ,

( 2 ) T herm al o x id a t io n  o f  b itum ens and f r a c t i o n s ,

( 3 ) P h o to -o x id a t io n  o f  b itu m en s and f r a c t i o n s .
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A .1 — Bitum en f r a c t i o n a t i o n  and o h a r a o to r i s a t io n

P e tro leu m  b itum ens from  M iddle E a s t ,  V enezuelan  and mixed b ase  

c ru d e s  and T r in id a d  Lake A sp h a lt w ere f i r s t  s e p a ra te d  in to  a s p h a l te n e s  

and m a lten e  f r a c t i o n s  by  p r e c i p i t a t i n g  a s p h a l te n e s  w ith  p e tro leu m  

s p i r i t  ( p .p .  30— Ma l t e ne  f r a c t i o n s  w ere f u r t h e r  s e p a ra te d  

in to  w h ite  o i l s ,  d a rk (5 o ils  and r e s i n s  by ch ro m a to g rap h ic  a d s o rp t io n  in  

a s i l i c a  g e l-a lu m in a  column u s in g  p e tro leu m  s p i r i t ,  m ethy lene  

c h lo r id e  and m e th y l'e th y l k e to n e  a s  e lu e n ts ,  T r in id a d  Lake A sp h a lt 

p roduced  l a r g e  am ounts o f  a s p h a l te n e s  ( 57^ )  and low am ounts o f  

w h ite  o i l  ( 5 ^ ) .  P e tro leu m  b itu m e n s , on th e  o th e r  h a n d , o n ly  gave 

ab o u t one t h i r d  o f  t h i s  amount o f  a s p h a l te n e s  ( 20^ )  w ith  p r o p o r t io n a l ly  

g r e a t e r  am ounts o f  o th e r  f r a c t i o n s .  T h is  c l e a r l y  shows one i n i t i a l  

c o m p o s itio n  d i f f e r e n c e  betw een th e  n a t u r a l l y  o c c u r r in g  b itum en  

and th e  r e s i d u a l  m a te r i a l s .

B itum en f r a c t i o n s  w ere f u r t h e r  c h a r a c te r i s e d  by n u c le a r  

m ag n e tic  re so n a n c e  sp e c tro sc o p y , W liite o i l  f r a c t i o n s  o f  a l l  b itum ens 

w ere found  to  be  p a ra f f in io - n a p h th e n io  in  c h a r a c te r .  B ark o i l  

and r e s i n  f r a c t i o n s  w ere h ig h ly  a ro m a tic , A sp h a lte n e s  cou ld  n o t 

b e  a n a ly se d  by t h i s  method due to  t h e i r  p a ram ag n e tic  p r o p e r t i e s .

I n f r a - r e d  s p e c t r a  o f  b itu m en s showed t h a t  p e tro leu m  b itum ens 

w ere a ro m a tic  w ith  lo n g  p a r a f f in i o  c h a in s  w hereas T r in id a d  Lake 

A sp h a lt  was s l i g h t l y  l e s s  a ro m a tic  w ith  s h o r t  b u t  h e a v i ly  b ran ch ed  

p a r a f f in i o  c h a in s .  The o th e r  m ajor d i f f e r e n c e  was t h a t  Lake 

A sp h a lt  c o n ta in e d  l a r g e r  am ounts o f  oxygen c o n ta in in g  f u n c t io n a l  

g ro u p s such a s  c a rb o n y l (a c id s?  a ld e h y d e s , e s t e r s  a n d /o r  k e to n e s )
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and C -0 , 8=0 o r  S i-0  g roups v /hereas p e tro leu m  b itu m en s had th e s e  

g ro u p s i n  sm a ll am ounts. W hite o i l  f r a c t i o n s  o f  b o th  ty p e s  o f  b itum en  

showed a  p a r a f f in io - n a p h th e n ic  c h a r a c te r  w ith  o r w ith o u t a  t r a c e  o f  

a ro m a tic  c o n te n t .  D ark o i l  and r e s i n  f r a c t i o n s  o f  a l l  b itu m en s w ere 

h i ^ i l y  a ro m a tic  in  c h a r a c te r  w ith  l a r g e  am ounts o f  ca rb o n y l^  0 -0 ,

8=0 o r S i - 0 ,  OH and M  g ro u p s , A sp h a lte n e s  w ere a ls o  h ig h ly  

a ro m a tic  w ith  c a rb o n y l , liyd roxy l a n d /o r  MÏ g ro u p s , v d iile  th e  f r a c t i o n  

from  T ,L ,A ,, i n  a d d i t io n  to  th e s e  g ro u p s , showed a  h ig h  amount o f  

0 -0 , 8=0 o r  S i-0  g ro u p s .

S u lp h u r i n  a l l  b itum ens and f r a c t i o n s  was d e te rm in ed  u s in g  

a m o d ified  bomb m ethod. A verage v a lu e s  showed a s p h a l te n e s  

c o n ta in e d  l a r g e  am ounts o f  su lp h u r  (5*47^) w ith  w h ite  o i l  g iv in g  

th e  lo v /est f i g u r e s  ( l , 4 4 ^ ), D ark o i l  had a  h ig h e r  a v e rag e  su lp h u r  

( 4*33/ )  th a n  r e s i n s  (3 * 6 8 ^ ), T r in id a d  Lake A sp h a lt showed h ig h e r  

su lp h u r  c o n te n t  (4*73?^) th a n  th e  p e tro leu m  b itu m en s ( 3 . 86^ ) ,

A, 2 -  Therm al o x id a t io n  o f  b itu m en s and f r a c t i o n s

An o x id a t io n  a p p a ra tu s  was d e s ig n e d  on a  sem i-m icro  s c a l e .  

P roblem s w hich had  to  be c o n s id e re d  d u r in g  th e  d e s ig n  o f  an 

a p p a ra tu s  f o r  o x id a t io n  in  t h e  d a rk  wares

( i )  The fo rm a tio n  o f  s k in  on sam ple s u r f a c e s  re d u c in g  

th e  r a t e  o f  oxygen d i f f u s i o n ,

( i i )  The e f f e c t  o f  v i s c o s i t y  on oxygen d i f f u s i o n  due to

f r a c t i o n s  v a ry in g  from  m o b ile , lo w - v is c o s i ty  o i l s  to  

s o l id  a s p h a l te n e  p a r t i c l e s .  I t  was im p o r ta n t  to  

e l im in a te  t h i s  v a r i a b l e .
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( i i i )  The fo rm a tio n  o f  g a seo u s o x id a t io n  p ro d u c ts  such  as

carb o n  d io x id o  and w a te r  v ap o u r. T hese  m a te r i a l s  may 

have in f lu e n c e d  th e  o x id a t io n  r e a c t i o n .

The above problem s w ere so lv ed  to  a  l a r g e  e x te n t  by 

o x id is in g  th e  sam ples in  x y le n e  s o lu t io n .  ^îylene d id  n o t o x id is e  

u n d e r th e  c o n d it io n s  u se d . In  a d d it io n ?  th e  sam ple c o n ta in e r  was 

v ib r a te d  c o n t in u a l ly  to  brealo th e  l iq u id  s u r f a c e .  To a b so rb  th e  

w a te r  vapour and carbon  d io x id e  form ed p o tass iu m  h y d ro x id e  soaked 

p a p e rs  w ere su spended  in s id e  th e  f l a s k s  on p la tin u m  w ire .

M easurem ents w ere made ( a t  Imown te m p e ra tu re s  in  th e  ra n g e  

30- 60°C) o f  th e  r a t e  o f  oxygen u p tak e  by th r e e  p e tro le u m  b itu m en s 

from  d i f f e r e n t  so u rc e s  and T r in id a d  Lake A s p h a lt ,  T h e ir  f r a c t i o n s

w ere a l s o  o x id is e d  in  th e  same te m p e ra tu re  r a n g e ,  T r in id a d  Lake 

A sp h a lt showed h ig h e r  r a t e  o f  oxygen a b s o rp t io n  th a n  p e tro leu m  

b itu m e n s . The oxygen a b s o rp t io n  o f  b itum en  f r a c t i o n s  was found to  

d e c re a s e  in  th e  o r d e r 5 a s p h a l te n e s ?  r e s in s ?  d a rk  o i l s  and w h ite  o i l  

in  a l l  cases*  The o v e r a l l  a c t i v a t io n  energy  o f  a l l  b itu m en s and 

f r a c t i o n s  was c a l c u l a t e d .  The a c t iv a t io n  energy  o f  T ,L .A . was 

found  to  be  13*97 k .c a ls /m o le  and f o r  th e  p e tro leu m  b itum ens 

14*65- 17*^0 k .c a l s /m o le .

In  o rd e r  t o  s tu d y  th e  e f f e c t  o f  a s p h a l te n e s  on th e  r a t e  

o f  b itu m en  o x i d a t i o n . s e v e r a l  s y n th e t ic  b itum ens w ere  p re p a re d  w ith  

v a ry in g  am ounts o f  a s p h a l te n e s .  B itum ens w ith  a h ig h  amount o f  

a s p h a l te n e s  showed h ig h  r a t e s  o f  oxygen u p ta k e . T h is  c o n firm s t h a t  

a s p h a l te n e  f r a c t i o n s  o x id is e  most ^i%%adily w h ile  th e  o i l s  a re
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more r e s i s t a n t ,  T .L .A , h a s  more th a n  tw ic e  th e  a s p h a l te n e  c o n te n t 

o f  th e  p e tro leu m  b itu m en s and t h i s  may c o n t r ib u te  to  th e  s u s c e p t i b i l i t y  

o f  T ,L ,A , to  o x id a t io n .  I t  was shown t h a t  f o r  e v e ry  10^0 r i s e  in  

r e a c t i o n  te m p e ra tu re  th e  r e a c t i o n  r a t e  d o u b led ,

A ,3 -  P h o to -o x id a t io n  o f  b itu m en s and f r a c t i o n s

A p h o to -o x id a tio n  a p p a ra tu s  was c o n s t ru c te d  using* an 

u l t r a - v i o l e t  m ed ium -p rassu re  m ercury  a rc  lamp w ith  a  l i g h t  i n t e n s i t y  

s t a b i l i s e r .  I n  t h i s  in v e s t ig a t io n ?  b itum ens?  f r a c t io n s ?  s y n th e t ic  b itu m en s 

w ith  v a ry in g  amount o f  a s p h a l te n e s  and b itu m en s m o d if ie d  w ith  p h o to -  

s e n s i t i s i n g  c h e m ic a ls  w ere p h o to -o x id is e d  in  t h i n  f i lm s .  The r a t e s  

o f  oxygen a b s o rp t io n  and o f  fo rm a tio n  o f  w a te r  s o lu b le  d e g ra d a t io n  

p ro d u c ts  w ere m easured i n  each  c a s e . The ty p e  o f  s k in  form ed on 

ex p o su re  to  u«v . r a d i a t i o n  was a ls o  s tu d ie d .

P e tro le u m  b itum en  from  th e  M iddle E a s t  mixed b a se  c rude  

was found  to  be  more r e a c t i v e  th a n  V enezuelan  b itum en? w ith  T r in id a d  

Lake A sp h a lt th e  m ost r e a c t i v e  o f  th e  b itu m en s s tu d ie d .  In  each 

c a se  th e  w h ite  o i l  f r a c t i o n s  w ere most r e a c t i v e  w ith  d a rk  o i l s  

l e a s t  r e a c t i v e ,  l'Iartin^*^ h a s  su g g e s te d  t h a t  hydrooai'bons w ith  

a ro m a tic  g roups?  b ran ch ed  o lm in  s t r u c tu r e s ?  oxygenated  g ro u p s and 

e y e lo p a r a f f in s  a r e  l i k e l y  to  be  more r e a c t i v e  w ith  a tm o sp h e ric  

oxygen* I .R ,  a n a ly s i s  o f  b itu m en s h as  shorm t h a t  T ,L ,4«  i s  

s l i ^ i t l y  l e s s  a ro m a tic  w i t h ^ h i ^  amount o f  c a rb o n y l g ro u p s  and 

h ig h  amount o f  o th e r  oxygen f u n c t io n a l  g ro u p s  such  a s  0- 0 ? 3=0 

and S i -0  w ith  s h o r t  b u t  h e a v i ly  b ran ch ed  p a r a f f in i o  c h a in s  th a n  

p e tro le u m  b itu m e n s . T h is may b e  one o f  th e  r e a s o n s  why T ,L ,A , 

i s  more r e a c t i v e  th a n  p e tro leu m  b itu m e n s ,
—  p—



In  th e  c a se  o f  th e  s y n th e t ic  b itu m en s pnoduoed by- 

a d d in g  v a ry in g  am ounts o f a s p h a l te n e s  to  th e  c o rre sp o n d in g  

m a lte n e  f r a c t i o n s  i t  was shown t h a t  r e a c t i v i t y  in c r e a s e d  in  

a l l  o a se s  w ith  in c r e a s in g  a s p h a l te n e  c o n te n t .  However? a  maximum 

r e a c t i v i t y  was re a c h e d  a t  an a s p h a l te n e  c o n te n t below  th e  ’n a t u r a l ’ 

c o n te n t  f o r  each b itu m en . The p e tro leu m  b itu m en  had a maximum 

a c t i v i t y  a t  ab o u t 15^  a s p l ia l te n e s  and d e c re a se d  in  a c t i v i t y  on 

a d d i t io n  o f  more a s p h a l te n e s ,  F or th e  Lake A s p h a lt  th e  maximum 

was a t  ab o u t 45% a g a in s t  th e  n a tu r a l  c o n te n t  o f  55%* T hese 

a p p a re n t ly  anom alous r e s u l t s  may be  caused  by th e  r a t e  o f  oxygen 

d i f f u s io n  r a t h e r  th a n  by any in h e r e n t  changes in  a c tu a l  r e a c t i v i t y .  

B itum ens c o n ta in in g  sm a ll am ounts o f  p h o to - s e n s i t i s i n g  

c h em ic a ls  such  a s  a n th ra c e n e ?  a n th ra c e n e  o i l ^ a n e t h o le ? eugenol? 

s a f r o l e  and d i - t e r t , b u t y l  p e ro x id e  showed in c re a s e d  r a t e s  o f  

oxygen uptalce and w a te r  s o lu b le  p ro d u c tio n ?  p r o p o r t io n a l  to  th e  

am ounts o f  th e s e  ch em ic a ls  p re s e n t  in  th e  b itu m en . The d e c re a s in g  

o rd e r  o f  r e a c t i v i t y  was found to  be d i - t e r t « b u t y l  p e ro x id e?  

a n th ra c e n e ?  a n e th o le ?  eugenol?  s a f r o l e  and a n th ra c e n e  o i l .  The 

s k in  form ed on o x id a t io n  in  th e  p re se n c e  o f  th e s e  m a te r ia ls  v a r ie d  

from  b r ig h t- s m o o th  to  d u l l- ro u g h  depend ing  on th e  amount o f 

p h o t o - s o n s i t i s e r  u se d . W ith 5% o f  th e s e  n h em ica ls?  th e  b itum en  

f i lm s  produced d u l l  and rough  s u r f a c e s  s im i l a r  to  th o s e  produced 

by T r in id a d  Lake A s p h a lt ,

The changes r e s u l t i n g  from  th e  th e rm a l and p h o to -o x id a tio n  

o f b itu m en s and t h e i r  f r a c t io n s  w ere a ls o  exam ined by i n f r a - r e d  

sp e c tro s c o p y . The changes on o x id a t io n  w ere g e n e r a l ly  r e l a t e d  to

hyd roxy l?  ca rb o n y l?  C-0? 8=0? S i - 0 ? a ro m a tic  ? c y c l o p a r a f f in s ?
a ro m a tic  s u b s t i t u t i o n  and p a r a f f in i o  c h a in s ,

-  v i  —
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i ,  BimODUCTION

P e tro leu m  f r a o t i o n s  suüh. a s  g a s o l in e s ,  k e ro s e n e s ,  

tran sfo iT iie r  o i l s ,  l u b r i c a t i n g  o i l s ,  r e s i d u a l  b itu m e n s , e t c . ,  

d e t e r i o r a t e  on s to ra g e ,a n d  i n  se rv ic e ^ b y  a c t io n  o f  a tm o sp W rio  

oxygen. O x id a tio n  o f  g a s o l in e  i s  u n d e s i r a b le  a s  i t  may le a d  

to  fo rm a tio n  o f  d e p o s i t s  i n  en g in e s  and can  red u c e  th e  o c tan e

2 3 )number o f  g a s o l in e  th ro u g h  th e  fo rm a tio n  o f  p e ro x id e s^  

T ran sfo rm er o i l  f o r a s  s lu d g e s , a c id s ,  w a te r  and  o th e r  o x id a t io n  

p r o d u c ts ,  id i i le  l u b r i c a t i n g  o i l  on o x id a t io n  form s c o r ro s iv e  

a c id s ,  la c q u e r  and s lu d g e ,

M iile  a  g r e a t  d e a l  o f  work h as b een  d i r e c te d  a t  th e  

u n d e rs ta n d in g  o f  th e  d e t e r io r a t i o n  o f  g a s o l in e s ,  t r a n s fo rm e r  o i l  

and l u b r i c a t i n g  o i l  by  oxygen, r a t h e r  l e s s  e f f o r t  has b een  made 

where h e a v ie r  f r a o t i o n s  a re  co n ce rn ed ,

A m ajo r u se  o f  p e tro leu m  b itum en  i s  i t s  c a p a c i ty  to  

a c t  a s  a  b in d e r  f o r  a g g re g a te  i n  ro ad  s u r f a o in g s .  W ith s k id -  

r e s i s t a n t  s u r fa c e  te x b u re s  becom ing more im p o r ta n t a s  h ig h -sp e e d  

moton,’!/ays a re  b e in g  b u i l t  more in fo rm a tio n  i s  r e q u i r e d  on th e  

f u n c t io n  t h a t  b itum en  p la y s  in  im p a r tin g  s k id - r e s i s t a n o e  to  

such  s u r f a c e s ,

1 .1  -  Pmrp^pse  ̂ o f  r e s e a r c h

W ith th e  above p o in ts  i n  mind th e  p r e s e n t  vfork h as  

c o n c e n tra te d  on v a r io u s  a s p e c ts  o f  o x id a t io n  o f  b itum en  and 

b itu m en  f r a c t io n s *  The pu rp b se  o f  t h i s  i n v e s t i g a t i o n  can  

be sum zaarised a s  f o l l o w s : -
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( a )  F r a c t io n a t io n  o f  s e le c te d  b itu m en s t o  p ro v id e  

sam ples f o r  o x id a t io n  and t o  g iv e  a l s o ,  i n i t i a l  

c h a r a c t e r i s a t i o n  o f  th e  v a r io u s  b itum ens#

(b ) Therm al o x id a t io n  o f  b itum ens and f r a o t i o n s  i n  an 

a tte m p t to  e lu c id a te  th e  p a r t i c u l a r  component 

r e s p o n s ib le  f o r  d i f f e r e n c e s  i n  th e  r e a c t i v i t y  o f 

b itu m en s d u r in g  o x id a t io n  in  th e  ’d a r k ’ .

(o ) P h o to -o x id a t io n  o f  th e  saim  f r a o t i o n s ,  t h i s  s tu d y

b e in g  more d i r e c t l y  r e l a t e d  to  th e  e f f e c t  o f  s u n l ig h t  

on b itu m en s and ta lc in g  i n to  a cc o u n t th e  well-lcnown 

c h a r a c t e r i s t i c s  o f  n a tu r a l  a s p h a l t s ,  e#g* T r in id a d  

Lake A sphalt#

1 * 2 -  Bitum en d e s ig n a t io n  a n d jio p ^ ru s la tu i^

The e x p re s s io n  ’b itu m e n ’ o r ig in a te d  i n  th e  S a n s k r i t ,  

vdiere th e  words ’ j a t u ’ m eaning ’p itc h *  o r  ’n a t iv e  a s p h a l t ’ ; 

s i l a - j a t u  m eaning ’ rook  a s p h a l t ’ and ’ j a t u - k r i t ’ m eaning 

’p i t c h  c r e a t i n g ’ , ’p i t c h  p ro d u c in g ’ ( r e f e r r i n g  to  c o n ife ro u s  o r  

r e s in o u s  t r e e s ) *  The L a t in  e q u iv a le n t  i s  ’gw itum en’ ( p e r ta in in g  

t o  p i t c h )  and ’p ix tu m e n s’ (exuding  o r  b u b b lin g  p i t c h )  which 

was su b s e q u e n tly  s h o r te n e d  to  ’b itu m e n ’

Bitum en i s  a  g e n e r ic  te rm  a p p lie d  to  n a t iv e  

su b s ta n c e s  o f  v a r i a b le  c o lo u r ,  h a rd n e ss  and v o l a t i l i t y ;  

composed p r i n c i p a l l y  o f  h y d ro c a rb o n s , s u b s t a n t i a l l y  f r e e  from  

o x y g en a ted  b o d ie s ;  som etiiaes a s s o c ia te d  w ith  m in e ra l  m a t te r ,  

th e  n o n -m in e ra l c o n s t i t u e n t s  b e in g  f u s i b l e  and l a r g e l y  s o lu b le  

i n  c a rb o n  d i s u lp h id e ,  y ie ld in g  w a te r - in s o lu b le  s u lp h o n a tio n
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p r o d u c t s B i t u m e n  i s  a ls o  d e f in e d  as  a m ix tu re  o f 

h y d ro ca rb o n s o f  n a tu r a l  o r  pyrogonous o r i g in ,  o r  a  co m b in a tio n  

o f  b o th ,  f r e q u e n t ly  accom panied by n o n H ü fa ta llic  d e r iv a t iv e s  

w hich may be g a so o u s , l i q u i d ,  s e m i- s o l id  o r  s o l i d  and w hich 

a re  c o m p le te ly  s o lu b le  in  carb o n  d i s u l p h i d e T h e  word 

’a sp h a lt*  i s  a ls o  u se d  in  th e  Am erican se n se  to  d e s ig n a te  th e  

r e s id u a l  m a te r ia l  o b ta in e d  by th e  d i s t i l l a t i o n  o f  a s p h a l t i c -  

b a sed  p e tro le u m  and a ls o  in c lu d e s  n a t iv e  and  ro c k  a s p h a l t s

B itum en i s  som etim es c a l l e d  ’r e s i d u a l  b itu m e n ’ , ( i . e .  

r e s id u e  on d i s t i l l a t i o n  o f  p e tro leu m ) i n  o r d e r  to  d i s t in g u i s h  

i t  from  th o s e  w hich o c cu r n a t u r a l l y .  I t  i s  o f te n  term ed  

’ s t r a i g h t  r u n ’ when th e  v i s c o s i t y ,  o r  c o m p o s itio n , o f  th e  b itum en  

h as n o t  b een  a d ju s te d  by  b le n d in g  o r  by  s o f te n in g  w ith  f lu x in g  

o r  c u t-b a c k  o i l .  The te rm  c u t-b a c k  b itum en  i s  a ls o  u se d  f o r  

b itum en  th e  v i s c o s i t y  o f  w hich has b een  re d u c e d  by  th e  a d d i t io n  

o f a  v o l a t i l e  d i lu e n t

D e p o s its  o f  b itu m in o u s  m a te r ia l s  i n  l a r g e  q u a n t i t i e s  

a re  d i s t r i b u t e d  ov e r th e  e a r t h .  These have b een  form ed by  

n a tu r a l  p ro c e s s e s  a s  th e  r e s u l t  o f  g e o lo g ic a l  f o r c e s  and t h i s  

a s p h a l t  i s  g o n e ra l ly  found  in  in t im a te  a s s o c i a t io n  w ith  m in e ra l  

a g g re g a te  i n  a n a tu r a l  fo rm . Bitum ens may be c l a s s i f i e d  a s  

f o l lo w s ^ ^ ) ; -
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I  P o tro leu m  b itu m e n : from  a s p h a l t io  b a se  c rude  o i l s ,  ( i # e ,

f r e f i n e r y  bitum en* ) ,

I I  N a tiv e  a s p h a l t s :  s o l i d ,  o r  s e m i - s o l i d : -

(a )  n e a r ly  p u re  b itu m e n s , e .g ,  Bermudez 

Lalœ A sp h a lt (V enezuela )

(b )  a s s o c ia te d  w ith  m in e ra l  m a t te r ,  ( i )

Lake A s p h a lt ,  e ,g .  T r in id a d  Lake A sp h a lt

and ( i i )  Rook A s p h a lt ,  e .g .  U valde (T exas)

I I I  A s p h a l t i t e s ;  h a rd  m a t e r i a l s ,  G -ilso n ite  (U tah  and C o lo rad o ),

1 .3  -  H is to ry  o f  b itu m en

Bitum en was th e  f i r s t  p e tro le u m  d e r iv a t iv e  u sed  

e x te n s iv e ly  by  man, Abraham^^^ c i t e s  many exam ples o f  b itum en  

u t i l i s a t i o n  p r i o r  t o  th o  tim e  o f  C h r is t ,

B itum en was u se d  a s  e a r ly  a s  3800 B .C . a s  a b in d e r  and 

w a te rp ro o f in g  b y  th e  c i v i l i a n s  a lo n g  th e  E u p h ra te s  r i v e r .  About 

3000 B .C . an  a n c ie n t  c i v i l i s a t i o n  i n  th e  In d u s V a lle y  i n  I n d ia  

u se d  b itu m en  i n  th e  c o n s t r u c t io n  o f  a l a r g e  p u b l ic  b a th  a t  

Mohenjo D aro . E g y p tia n s  (2300-1500 B .C .)  were u s in g  n a tu r a l  

a s p h a l t  i n  th e  p r e p a r a t io n  o f  mummies, B a b y lo n ian s  (2 3 0 0 - 338 B .C .)

i n  I r a q  u se d  b itu m en  to  b u i ld  roadw ays, r e t a in i n g  w a l ls  t o  impound

w a te rs  o f  th e  E u p h ra te s  and a s  a  p a in t  on w a l l s .  The A ssy ria n s  

( I 4 OO- 607 B .C .)  recommended th e  u se  o f  a s p h a l t  f o r  m ed ica l 

p u rp o s e s , when m ixed w ith  su lp h u r  a s  a fu m ig a n t, m ixed w ith  o i l  

f o r  so o th in g  th e  e y e s , m ixed w ith  b e e r  a s  a  s e d a t iv e  f o r  th e  

stom ach^ and d ro p sy  was supposed  to  be c u re d  by  s ta n d in g  on b itu m en ,
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I n  th e  Bronze Age (1000 B ,0* ) d w e ll in g s  were 

c o n s t r u c te d  on p i l e s  i n  l a k e s  c lo s e  to  th e  s h o re . T h is  

o f f e r e d  some p r o t e c t io n  t o  th e  in h a b i t a n t s  from  th e  ra v a g e s  

o f  w ild  a n im a ls  and a t t a c k s  from  o th e r  m arauders#  E x c a v a tio n s  

have shown t h a t  th e  wooden p i l e s  were p re s e rv e d  from  decay  by 

c o a t in g  w ith  a s p h a l t#

The a n c ie n ts  c o a te d  t h e i r  b ro n ze  monuments w ith  

b itum en  and ab o u t A#D#750 th o  e a r ly  I t a l i a n s  a re  c la im ed  to  

have b een  th o  f i r s t  t o  employ a s p h a l t  a s  a  c o lo u r  i n  

p a in t in g s *  I n  1498, C h r is to p h e r  Columbus on h i s  t h i r d  

voyage to  A m erica d is c o v e re d  th o  i s l a n d  o f  T r in id a d ;  in  

1595 , 3 i r  W a lte r  R a le ig h  v i s i t e d  T r in id a d  and gave an  acco u n t 

o f  th e  s o - c a l l e d  p i t c h  lalce and u se d  th e  p i t c h  to  c a u lk  h i s  

sh ip#

T h is  e a r ly  u se  o f  b itum en  was n o rm a lly  from  n a t u r a l l y  

o c c u r r in g  s u r fa c o  d e p o s i ts  and r e f in in g  was o n ly  d ev e lo p ed  to  

th e  o x to n t o f  e v a p o ra t in g  th o  l i g h t e r  p e tro le u m  com ponents by  

n a t u r a l  means# By th e  l a s t  t^wo decades o f  th e  I 9 t h  c e n tu ry  

a c o n s id e ra b le  amount o f  n a tu r a l  b itum en  from  V en ezu ela  and 

T r in id a d  had  been, f o r  ro a d  b u i ld in g  and o th e r  p u rp o se s  a s s o c ia te d  

w ith  c o n s t r u c t io n  e n g in e e r in g #
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1 ,4  -  P ro d u c tio n  o f  b itum en

N a tiv e  a s p h a l t s  w hioh u s u a l ly  c o n ta in  a  p e rc e n ta g e  

o f  w a te r  and m in e ra l m at ber r e q u i r e  o n ly  t o  be d e h y d ra te d  by  

h e a t in g  to  ab o u t 160^G b e fo re  u s e ;  i n  some o a s e s ,  how ever, 

w here th e  p e rc e n ta g e  o f  m in e ra l m a t te r  i s  h ig h e r ,  th e  a s p h a l t  

i s  s o l v e n t - e x t r a c t e d  and th e  s o lv e n t  removed by  d i s t i l l a t i o n #

T hree m ain p ro c e s s e s  a re  u sed  to  p ro d u ce  b itum en  

from  p e tro le u m  c ru d es^  / ,  v i z : -

( i )  -  D is t i J J ^ ^

T em p era tu res  and  re s id e n c e  t im e s  a re  k e p t l o w  

enough t o  p re v e n t  c ra c k in g  u s in g  vacuum o r  steam  d i s t i l l a t i o n  

a t  te m p o ra tu re s  up to  6 2 5 D i s t i l l a t e  f r a o t i o n s  a re  removed 

le a v in g  an a s p h a l t io  re s id u e #  T h is p ro c e s s  i s  g e n e r a l ly  c a r r i e d  

o u t i n  two s t a g e s ,  th e  c ru d e  o i l  b e in g  ’to p p e d ’ by  a  p r im a ry  

a tm o sp h e ric  d i s t i l l a t i o n  to  remove th e  more v o l a t i l e  d i s t i l l a t e s  

and th e  ’to p p e d ’ c ru d e  d i s t i l l e d  u n d e r vacuum to  g iv e  a b itu iaen  

re s id u e #

( i i )  -  P r e c i p i t a t i o n  o r  s o lv e n t  e x t r a c t i o n

In  t h i s  p ro c e s s  th e  f e e d  may be t r e a t e d  w ith  l i q u i d

p ro p a n e , p ro p a n e -b u ta n e  o r  b u ta n e  u n d e r  p r e s s u r e  (40O-650 p s i )

a t  120™250^F te m p e ra tu re  by  c o u n te rc u r re n t  f lo w  th ro u g h  an

e x t r a c t i o n  to w o r -  th e  red u c ed  crude  charge  e n te r in g  th e  to p

and th e  s o lv e n t  a t  th e  b o tto m . The p a r a f f in i o  com ponents a re

p r e f e r e n t i a l l y  d is s o lv e d  i n  th e  s o lv e n t  w ithdraw n from  th e  

to p ,  w h i l s t  th e  b itu m en  whioh can  be e x p e c te d  to  p a s s  th ro u g h  

c h e m ic a lly  unchanged i s  w ithdraw n from  th e  bottom #
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( i i i )  -  A ir  b low ing

The p ro c e s s  o f  o x id is in g  th e  r e s id u e  o b ta in e d  from  

crude  o i l  has been Imown f o r  a lo n g  tim e* The p ro c e s s  i s  

b a s i c a l l y  s im p le  and c o n s i s t s  o f  i n t im a te ly  c o n ta c t in g  th e  

residuu iû  w ith  a i r  in  a v e s s e l  a t  a  s u i t a b l e  te m p e ra tu re  u n t i l  

a p ro d u c t o f  th e  d e s i r e d  c o n s is te n c y  i s  o b ta in ed *  The residuum  

so t r e a t e d  m arked ly  changes in  p h y s ic a l  c h a r a c t e r i s t i c s  (becom ing 

more ’ ru b b e ry ’ ) and chang ing  in  h a rd n e s s ,  g r a v i t y ,  d u c t i l i t y  and 

s o f te n in g  p o i n t .  The p ro c e s s  o f  a i r  b lo w in g  p ro d u ce s  changes 

i n  b itum en  by  means o f  ch em ica l re a c t io n s *  I t  lias been  

o b se rv e d , a t  h ig h  te m p e ra tu re s  (ISO '^F), t h a t  th e s e  r e a c t io n s  

a re  p r im a r i l y  d e h y d ro g e n a tio n  fo llo w e d  by c o n d e n sa tio n  and 

p olyme r i  s a t  i  on .

A ir  b low ing  i s  c a r r i e d  ou t b o th  a s  b a tc h  and 

c o n tin u o u s  p r o c e s s e s .  C a ta ly s ts  may be u se d  i n  a i r  b low ing  

f o r  p ro d u c t m o d if ic a t io n  and re d u c t io n  o f  th e  b lo w in g  t im e .

The m ost w id e ly  u se d  c a t a l y s t s  a re  s t a b le  phosphorous 

compounds, (phosphorous p e n to x id e )  and m e ta l l i c  s a l t s  ( f e r r i c  

c h lo r i d e ) .

As m en tio n ed , th e  c h ie f  v i r t u e  o f  a i r  blovwLng i s  

th e  e f f e c t  on th e  r h e o lo g ic a l  p r o p e r t i e s  o f  th e  b itu m e n ,

Blovm b itum ens a re  n o t u se d  f o r  ro ad  p u rp o se s  b u t  a re  u se d  

T /idely  f o r  o th e r  c o a t in g  p u rp o s e s .
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1 .5  Nsea o f

B itum en i s  a  th e rm o p la s t ic  m t h  good a d h e s io n  p r o p e r t i e s  

w hich can be p ro d u ced  i n  a  ran g e  o f  c o n s is te n c e s #  I t  i s  r e s i s t a n t  

t o  a t t a c k  by  many i n d u s t r i a l  o h e riic a ls  and s o lu t io n s  and i t s

p r o p e r t i e s  may be m o d ifie d  th ro u g h  p ro c e s s in g  a n d /o r  th e  a d d i t io n

o f  f i l l e r s  and a d d it iv e s #  Some o f  th e  m ain u se s  o f  b itum en  

a re  a s  f o l l o w s : -

( i )  Highway c o n s tru c t io n #

( i i )  R oofing  c o n s t r u c t io n .

( i i i )  P r o te c t iv e  c o a tin g s#

( i v ) H y d ra u lic  e n g in e e r in g #

(v ) W ate rp ro o f p a p e r  goods*

( v i )  A dliesive com positions#

(v i i  ) Caullcing oompounds •

A s p h a lt io  p ro d u c ts  f o r  u se  a s  r o o f in g  m a t e r i a l s ,  

p ip e  c o a t in g s  and c e r t a i n  o th e r  a p p l i c a t io n s  m ust be  h ig h ly  

v j e a th e r - r e s i s t a n t , have a h ig h  s o f te n in g  p o in t  and  rem ain  

d u c t i l e  a t  low  te m p e ra tu re s#  Bitum en p ro d u ced  from  b low ing  

o p e ra t io n s  i s  g e n e r a l ly  u se d  f o r  th e s e  a p p l ic a t io n s #

B itum en f o r  ro ad  p u rp o se s  i s  g e n e r a l ly  s t r a i g h t - r u n  

b itum en  ( i . e .  p e tro le u m  b ituzaen) e i t h e r  a s  o b ta in e d  from  th e  

d i s t i l l a t i o n  p ro c e s s  o r ,  f lu x e d  w ith  v o l a t i l e  o i l s ,  i . e .  c u t-b a c k  

bL tum ans.V isoosities and o th e r  g e n e ra l  s p e c i f i c a t i o n s  a re  co v e red  

in  B r i t i s h  S ta n d a rd  BS#3u90#
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S lc id - re s is ta n o e  i n  c o n d it io n s  i s  n o rm a lly  o n ly  

a  p rob lem  m t h  h o t  r o l l e d  a s p h a l t  ( B r i t i s h  S ta n d a rd  3 9 4 ) , an  

e x p en s iv e  b u t  l o n g - l a s t i n g  dense m a te r i a l  u sed  on m a jo r ro a d s . 

B itum en u se d  i n  t h i s  m a te r i a l  i s  alv^ays ’p e n e t r a t i o n  g ra d e ’ 

and ra n g e s  fro ia  30 -80  p e n e t r a t i o n ,

1 . 6 -  Composition of bituiien.

Bituiiien i s  a com plex m ix tu re  o f  h y d ro ca rb o n s 

c o n ta in in g  su lp h u r  and n i t r o g e n  i n  sm a ll am ounts and f r e q u e n t ly  

a s s o c ia te d  w ith  m in e ra l m a t te r  in  v a ry in g  amounts* B ituoien 

i s  a homogeneous o r  h e te ro g e n e o u s  m iscture o f  ch em ica l 

s u b s ta n c e s  a s s o c ia te d  a s  a  sim p le  s o lu t io n  o f  l i q u i d s ,  o r  s o l id s  

i n  l i q u i d s ,  o r  i n  th e  fo rz . o f  a  c o l l o i d a l  s o lu t io n *  T hese 

c o n s t i t u e n t s  may c o n ta in  s t r u c tu r e s  o f  th e  fo l lo w in g  f o u r  

b a s ic  ty p e s ^ ^ ^ : -

( i ) P a r a f f i n i o *

( i i )  N aph then io  (e y e lo p a ra f f i n i e ) .

( i i i )  Arom atic*

( i v )  O le f in ic *

T h is  l a s t  ty p e  i s  r a r e l y  fo und  i n  b itu m e n s .

B itum ens laay be d iv id e d  in to  th e  fo l lo v d n g  th r e e  

m ain f r a o t i o n s

( i )  C arbenes -  f r a c t i o n  in s o lu b le  i n  carbon

t e t r a c h l o r i d e ,

( i i )  A sp h a lte n e s  -  f r a c t i o n  in s o lu b le  i n  n -p e n ta n e

( o r  a  s i m i l a r  low  m o le c u la r  w e igh t 

p a r a f f in ) *

( i i i )  h a l t e n e s  -  f r a c t i o n  s o lu b le  i n  n -p e n ta n e .
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(g )
N e lle n s te y n ^  ' su g g e s te d  th e  p re s e n c e  o f  th r e e  

p r i n c i p l e  g ro u p s  o f  com ponents i n  c o l l o i d a l  h i tu n e n  a s  fo llo w s;*  

( i )  th e  medium (m a lte n e s  o r  o i l  c o n s t i t u e n t s ) ,  ( i i )  th e  

ly o p h i l io  p o r t io n  o r  p r o t e c t i v e  b o d ie s  ( a s p h a l t i c  r e s i n s )  and

( i i i )  th e  ly o p h o b ic  p o r t io n ,  composed o f  e le m e n ta ry  carbon* 

A s p h a lt io  r e s i n s  and carbon  fo rz i a  d is p e r s e  phase  

c a l l e d  th e  a s p h a l t i c  m ic e l le s  (a s p h a l te n e s )*  A s p h a lte n e s , 

r e s i n s  and o i l y  c o n s t i t u e n t s  a rc  b e l ie v e d  t o  form  a c o l l o i d a l  

system  i n  w hich a s p h a l te n e s  a re  d is p e r s e d  i n  th e  o i l  

c o n s t i t u e n t s  and  th e  r e s i n  f r a c t i o n  s t a b i l i s e s  th e  s o lu t io n  

by  a c t in g  a s  a  p r o t e c t i v e  c o l l o i d  th u s ,  th e  p r o p e r t i e s  o f  th e  

b itum en  depend upon th o  c o n c e n tr a t io n  o f  th e  d is p e r s e  phase  

and th e  p r o p e r t i e s  o f  th e  medium*

On th e  b a s i s  o f  th e  f lo w  p r o p e r t i e s  b itim ien  can 

be d iv id e d  i n to  tv70 g r o u p s : -

( i )  A B ol-t]q )e  where th e r e  i s  l i t t l e  i n t e r a c t i o n  

betw een  th e  m ic e l l e s ,

o r

( i i )  A g e l - ty p e  where th e  q u a n t i ty  and a s s o c i a t io n

o f  th e  m ic e l le s  a re  g r e a t  enough to  form  a. lo o se  

s t r u c t u r e .

The ty p e  o f  s t r u c tu r e  depends on th e  ch em ica l 

n a tu r e  o f  th e  jiia lten e  f r a c t io n *

Road bitux 'iens a re  in v a r i a b ly  o f  th e  so l-t^q p e , i . e .  

s t r a i g h t - r u n  and th e  b lo m i o r  g e l- ty p e  b itum en  i s  u se d  f o r  ro o f  

c o a t in g s ,  e t c ,
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1*7 -  W eathering  o f

The in f lu e n c e  e x e r te d  hy  w e a th e r  ( h e a t ,  c o ld ,  a i r ,  

l i g h t ,  m o is tu re )  on 'b itum inous s u r f a c e s  i s  an  im p o r ta n t  f a c t o r  

d e te rm in in g  th e  l i f e t i m e  o f  b itu m in o u s  c o a t in g s  and c o n s tru c ­

t i o n s ,  The changes b ro u g h t abou t i n  th e  p h y s ic a l  and chem ica l 

p r o p e r t i e s  o f  b itum en  by  w ea th e r i s  o f te n  r e f e r r e d  to  as 

^w eathering* and th e  e x te n t  to  w hich i t  r e s i s t s  th e s e  

in f lu e n c e s  i s  c a l l e d  i t s  d u r a b i l i t y .  B itum ens, u n d e r  th e  

in f lu e n c e  o f  w e a th e r , a re  a f f e c t e d  by  te m p e ra tu re  ch an g es , 

oxygen o f  th e  a i r ,  s u n l ig h t  and m o is tu re .  O x id a tio n  i n  th e  

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

known to  have a  m arked e f f e c t  on b itu m e n s . T h is  p h o to -  

o x id a t io n ^ ^ ^ " '^ ^ '^ ^ ) ,  how ever, i s  c o n fin e d  to  a  t h i n  s u r fa c e  

l a y e r  and o x id a t io n  o f  b itum en  b e n e a th  t h i s  s u r f a c e  m ust o c cu r 

by  a th e rm a l o x id a t io n  m echanism . B oth p h o to -o x id a t io n  and 

th e rm a l o x id a t io n  p ro c e s s e s  p la y  an  im p o rta n t r o l e  i n  th e  

w e a th e rin g  o f  b itu m en .

The m ost im p o r ta n t  e f f e c t  o f b o th  a g in g  and w e a th e rin g  

from  th e  p r a c t i c a l  p o in t  o f  v iew  i s  an  in c r e a s e  i n  h a rd n e s s ,  

whioh i s  a t t r i b u t e d  l a r g e l y  to  o x id a t iv e  c o n d e n sa tio n  r e a c t io n s  

w hich a re  g r e a t l y  a c c e le r a te d  by h e a t  and l i g h t H a r d e n i n g  

o f  b itum en  from  any cau se  i s  u n d e s i r a b le  due to  l o s s  o f 

p l a s t i c i t y  le a d in g  to  r e d u c t io n  in  a d h e s iv e  p r o p e r t i e s  and 

d u r a b i l i t y  i n  s e r v i c e .  Ydiile i n  s e r v ic e ,  b itu m in o u s  m a te r ia l s  

on ro a d  o r  r o o f  w i l l  be  s u b je c te d  to  te m p e ra tu re  changes
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c a u s in g  s t r e s s e s  w hich may cause  t h i n  b itum en  f i lm s  to  c ra c k  

so d e s t ro y in g  th e  o r i g in a l  w e a th e rp ro o f  c h a r a c te r  o f th e  

c o a t in g .  I t  has b een  su g g e s te d  t h a t  m o is tu re  may a c t  to  d is s o lv e

(19)o x id is e d  s p e c ie s  from  th e  s u r f a c e ,  c a u s in g  e ro s io n ^   ̂ ,

In  c e r t a i n  c irc u m s ta n c e s  a b itum en  w ith  to o  h ig h  a

r e s i s t a n c e  to  w e a th e rin g  may n o t b© d e s ira b le *  f o r  exam ple, in

a dense ro a d  su rfa c in g ^ b itu ra e n  w hich i s  r e s i s t a n t  to  w e a th e rin g

w i l l  te n d  to  rem ain  on th e  s u r fa c e  o f  th e  ro ad  as a sm ooth f i lm

g iv in g ,  i n  w et w o a th e r , a s l ip p e r y  s u r f a c e .  On th e  o th e r  hand

a more r e a c t iv e  b i tu u e n  may p roduce  a s k i d - r e s i s t a n t  s u r f a c e .

The u se  o f r e f i n e r y  bitLimen ( i ,e *  from  a c rude  o i l  so u rc e )  has been

shovm, i n  f u ) . l - s c a le  ro a d  e x p e rim e n ts , to  p roduce  smooth

s u r f a c e s  o f lov7 s k id  r e s i s t a n c e ,  w hereas s u r f a o in g s  c o n ta in in g

T r in id a d  Lake A sp h a lt have a ro u g h e r t e x t u r e ^ ^ ^ '^ ^ ^ ^ ^ '^ ^ '^ ^ ) '

U nder t r a f f i c  c o m p a c tie z  th e  b itum en  b in d e r  te n d s  to  c o n c e n tra te

a t  th e  s u r f a c e ,  p ro d u c in g  a smooth f i lm .  Im provem ents in  sk id

r e s i s t a n c e  vfith  T r in id a d  Lake A sp h a lt have been  a t t r i b u t e d  to

th e  more r a p id  h a rd e n in g  o f  t h i s  f i lm  on w e a th e r in g  and

su b seq u en t exposu re  o f f i n e  a g g re g a te  by  t r a f f i c  a b ra s io n .

T h is  a s p e c t  o f w e a th e r in g  l e d  Lee and D ickenson^^^) t o  su g g e s t

t h a t  th e  a d d i t io n  o f  o o a l t a r  p i t c h  t o  r e f i n e r y  b itum en  would

in c r e a s e  th e  r a t e  o f  o x id a t io n  o f th e  exposed  b in d e r ,  p ro d u c in g

a ro u g h e r  t e x tu r e  w ith  im proved sk id d in g  r e s i s t a n c e .  T h is  was

(1 o)p ro v ed  to  be th e  case  in  a f u l l - s c a l e  ex p erim en t^  ^  in  w hich 

p ito h -b itu z a e n  was co;.:pared w ith  T r in id a d  Lake A sp h a lt and a 

s t r a i g h t  ru n  V enezuelan  b itu iaen  in  h o t - r o l l e d  a s p h a l t  s u r f a o in g s .
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The v a r io u s  f a c t o r s  c o n t r ib u t in g  to  th e  d u r a b i l i t y  

o f  b itu m en s a re  rev iew ed  b r i e f l y  below . S in ce  b itu m en s v a ry  i n  

c o m p o s itio n  i t  i s  n o t  f e a s i b l e  to  l i s t  th e  c au se s  in  any s t r i c t  

o rd e r  o f  im p o rta n c e .

( i )  O x id a tio n  and p o l^^ m erisa tio n .

( i i )  V o l a t i l i s a t i o n ,

( i i i )  Age h a rd e n in g .

The a c t io n  o f  oxygen i s  one o f  th e  p r i n c i p a l  f a c t o r s

ro s p o n s ib le  f o r  th e  o c c u rre n c e  o f  a g in g  phenom ena. Y/hen

b itum en  i s  exposed  to  a tm o sp h e ric  oxg^gen slow  a u to - o x id a t io n  o ccu rs

and p ro g re s s e s  more r a p id ly  a t  h ig h  t e m p e r a t u r e s ^ " ^ W e a t h e r i n g

o f  b itum en  i s  a t t r i b u t a b l e  to  o z y -p o ly m e r is a tio n  w hich p ro d u ces

(17)a c id s  w ith  e x tre m e ly  s u r f a c e - a c t iv e  a lk a l i n e  s a l t s   ̂ \  The

e f f e c t  o f  o x id a t io n  i s  tw o - fo ld  and in v o lv e s  th e  d i r e c t  u n io n  

o f oxygen w ith  b itum ens as w e ll  as  th e  e l im in a t io n  o f  hydrogen 

o r  carbon  in  th e  form  o f  w a te r  and carbon  d io x id e .  These 

r e a c t io n s  a re  a c c e le r a te d  by  a c t i n i c  l i g h t  r a y s .

An e x a c t  mechanism  f o r  o x id a t iv e  p o ly m e r is a t io n  i s

(19)n o t p o s s ib le  due to  th e  c o m p lic a te d  n a tu re  o f  b itu m en . Hughes^ ' 

i n  s tu d ie s  on b itum en  o x id a t io n  k i n e t i c s  s u g g e s te d  th e  fo llo w in g  

r e a c t io n  m echanism :

Sli R" EOg____) ROOM  ̂RO'
* f '  +

HO.: HO'
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H© m ain ta ined  th a t  th e  ra d ic a l^  (exoôpting  hOg) may then  

i n i t i a t e  o le f in io  p o ly m erisa tio n  in  the  bitumen# In  a d d i t io n , 

more o le f in s  may he formed by dehydrogenation o f th e  ÏI* rad ic a ls*  

The amount of oxygen in  th e  polymer w i l l  depend on th e  r e la t iv e  

r a te s  of i n i t i a t i o n  by the  oxygen-oontaining r a d ic a ls  and th e  

o th e r ra d ic a ls*  He concluded th a t  i f  th e  p rocess o f o x id a tio n  

i s  slow, p o ly m erisa tio n  -will tak e  p lace  and r e s u l t  in  hardening 

and c rack in g , i f  i n i t i a t i o n  i s  ra p id , perox ides and o th e r  

ox id ised  sp ec ie s  w il l  d isso lv e  in  m oistu re , causing  erosion*

A s im ila r  type of mechanism was advanced by H olland 

and Ten Have^*“̂ ^ , and Kennerly and P a tte rso n ^^^) as fo llo w s:

I n i t i a t i o n :

* #
ROOH — ^  RO + HO . . *  *  (1 )

R0 (hÔ,HÔ2 )+ e h R O H ( H 20,Ji202)+ ( 2 )

AH 4- Oj  ̂ A + HO  ̂ *#* (3)

P ropagation :

T erm ination:

R 4' Og '— RO2 •*•  # * * (4")

•  •  /  -LRO2  + EH — R̂OOH + R .* .  * .*  (5 )

SRO^ " - - X * * * * * * ••*  ( 6 )

K ennerly and P a t t e r s o n ^ ) exp la ined  th e  ab#ve 

equations as  follow s* Peroxides# whiéh Are p re s e n t,  o r  are  

formed, in  th e  hydroearbons, i n i t i a l l y  cleave in to  f re e  

ra d ic a ls  when su p p lied  w ith  energy in  th e  form o f h ea t o r 

u l t r a - v io l e t  l i g h t  (1)* Hydrooarhen m eleeules r e a c t  w ith



th e s e  r a d i c a l s  and  form  a llc y l r a d i c a l s  ( 2 ) ,  T h is  i n i t i a t i o n  

s ta g e  i s  fo llo w e d  by  a c h a in  r e a c t io n  where more h y d ro ca rb o n  

r e a c t s  (4 )  ( 3 ) -  The c h a in  p ro c e s s  can te rm in a te  w ith  th e  

d im é r is a t io n  o f  two p e ro x y  r a d i c a l s  to  form  an  in a c t i v e  p ro d u c t ( 6 )

( 22 )Beitohm an^ '  f u r t h e r  s tu d ie d  th e  e f f e c t s  o f  a n t io x id a n t s  on 

b itu m en  d u r a b i l i t y  u s in g  p h e n o th ia z in e  as a p e ro x id e  decom poser 

and e x p la in e d  th e  i n h i b i t i n g  r e a c t io n  a s  fo l lo w s :

I n h i b i t i o n :

R0*(R0 ^ o‘ ,Ho") + a h —> ROOH(ROH,HgO,H20g) + A* (a)

RO* (RO’ ,HO',HO*) + A* Y ........................................  ( t )

The f u n c t io n  o f  a n t io x id a n t  i s  to  i n t e r c e p t  r a d i c a l s  w hich

would p ro p a g a te  th e  c h a in  r e a c t io n s  ( a )  ( b ) .  The i n h i b i t o r

can c o n t r ib u te  to  i n i t i a t i o n  ( 3 ) and th e  r a t e  o f  t h i s  r e a c t io n

i s  d i r e c t l y  p r o p o r t io n a l  to  i n h i b i t o r  c o n c e n tr a t io n .  He cond luded

t h a t  a s p h a l t i c  d e g ra d a t io n  d u rin g  a c c e le r a te d  w e a th e r in g  in v o lv e s

a f r e e  r a d i c a l  o x id a t io n  and t h i s  a ls o  ta k e s  p la c e  i n  n a tu r a l
(?3 )

^ v ea th e rin g . S im i la r  work was c a r r i e d  o u t by  G reenfeî d  in  

s tu d ie s  o f  th e  e f f e c t  o f  m in e ra l a d d i t iv e s  on th e  d u r a b i l i t y  o f  

blow n b itu m e n s .

More r e c e n t ly  M artin^^^^  h as shown t h a t  th e  r e s i s t a n c e  

to  o x id a t iv e  h a rd e n in g  o f  blown b itum ens can  be im proved by  

u s in g  a n t io x id a n t s  o f  a  ’pe rox ide-decom poser*  ty p e  o r  a  * free  

r a d i c a l  tra p *  ty p e .  The e f f e c t  o f te m p e ra tu re  and  h u m id ity  on 

th e  o x id a t io n  o f  blow n b itu m en  was s tu d ie d  by  C am pbell, W righ t 

and Bowman^^^), They c o n c lu d ed , i n  g e n e r a l ,  t h a t  b itum en  

d u r a b i l i t y  v a r i e s  in v e r s e ly  w ith  b o th  te m p e ra tu re  and r e l a t i v e
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h u n id i ty  and t h a t  t h e i r  e f f e c t  on b itum en  o x id a t io n  r a t e s  may be 

due to  th e  fo rm a tio n  and su b seq u en t d eco m p o sitio n  o f  a b itu m e n - 

oxygen -w ater com plex. H eithaus^^^^  co n d u cted  t e s t s  o f  b itu m in o u s 

m a te r ia l  i n  a  w e a th e ro m e te r . He showed t h a t  b itu m en s w ith  m a lten e s  

o f  h ig h  v i s c o s i t y  were most r e s i s t a n t  and p o s tu la t e d  t h a t  th e  

r a t e s  o f  th e  r e a c t io n s  in v o lv e d  in  th e  h a rd e n in g  o f b itum en  

c o a t in g s  a re  l a r g e l y  d i f f u s io n  c o n t r o l le d .  A h ig h  v i s c o s i t y  

i n t e r m i c e l l a r  l i q u i d  p ro v id e s  g r e a t e r  h in d ra n c e  to  oxygen 

d i f f u s i o n ,  s lo w in g  do^wi th e  h a rd e n in g  p r o c e s s .

BloM cer and Van H o o r n  ̂ to o k  th e  v iew  t h a t  

o x id a t io n  in  l i g h t  i s  due to  th e  u l t r a - v i o l e t  p a r t  o f  th e  

spectrum  and t h a t  h a rd e n in g  i s  l im i t e d  to  a  d e p th  o f  ab o u t f o u r  

m ic ro n s ; in  th e  d a rk  h a rd e n in g  may o ccu r to  a  d e p th  o f th r e e  

m i l l im e t r e s .

{ 32)M artin^  * p ro p o se d  th r e e  d i f f e r e n t  t e s t s  f o r  

e v a lu a t in g  th e  d u r a b i l i t y  o f ro o f in g  b itu m e n s , nam ely , h e a t  

s t a b i l i t y  ( k e t t l e  s t a b i l i t y ) ,  d a rk  o x id a t io n  and p h o to -  

o x id a t io n .  He co n c lu d ed  t l i a t  c o a l t a r  p i tc h e s  a re  d e f i n i t e l y  

more r e a c t iv e  to  o x id a t io n  th a n  a s p h a l t i c  b itum ens b u t  from  

th e  v iew p o in t o f o v e r a l l  d u r a b i l i t y  s u r fa c e  o x id a t io n  i s  n o t 

n e c e s s a r i l y  h a rm fu l an d , i n  f a c t ,  may p r o t e c t  th e  m ain f i lm  from  

f u r t h e r  o x id a t io n .  Ibcposure s t im u la te s  p a r t i c u l a r  c o n d it io n s  

u n d e r w hich h a rd e n in g  p ro c e e d s  by  d i f f e r e n t  m echanism s and th e  

e x te n t  o f  h a rd e n in g  in d ic a t e s  th e  r e l a t i v e  d u r a b i l i t i e s .  One 

im p o rta n t c h a r a c t e r i s t i c  o f  b itu iaen  d e t e r i o r a t i o n  i s  c ra c k in g , 

due to  slow  h a rd e n in g  o f  th e  b itum en  u n t i l  a c o n d i t io n  i s  

re a c h e d  v/hen e x te r n a l  s t r e s s e s  i n  ex cess  o f  th e  b re a k in g  s t r e n g th  

may d e v e lo p .
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The a b s o rp t io n  o f  oxygen by  t h i n  f i lm s  o f  b itu m in o u s 

ro a d  b in d e r s  w ere s tu d ie d  by  D ic k in so n , N ic h o la s  and B oas- 

T r a u b e ^ ^ ^ \  They showed t h a t  b itum en  o x id a t io n  i n  th e  absence  

o f l i g h t  a t  te m p e ra tu re s  n o rm a lly  e n c o u n te re d  on th e  ro a d  was a 

d i f f u s i o n - c o n t r o l l e d  r e a c t i o n .  The r a t e  o f a b s o rp t io n  o f  oxygen 

p e r  u n i t  w e ig h t o f  b in d e r  depended on th e  b in d e r  v i s c o s i t y  and 

f i lm  th ic k n e s s .  I r r a d i a t i o n  o f th e  f i lm  w ith  l i g h t  i n  th e  

w av e len g th  ran g e  3000-5000 £  was found  to  p ro d u ce  a m arked 

a c c e l e r a t i o n  o f  th e  r e a c t i o n .  G -reenfeld^^^^ s tu d ie d  th e  chem ical 

changes o c c u r r in g  d u rin g  th e  w e a th e rin g  o f  two blovvn b itum ens 

i n  an a c c e le r a te d  w e a th e rin g  m achine and on o u td o o r  e x p o su re .

He d e c id e d  t h a t  when b itu m in o u s s u r f a c e s  a re  exposed  to  l i g h t ,  h e a t  

and  w a te r ,  num erous and complex ch em ica l changes ta k e  p la c e .

O x id a tio n  o c c u rs  and r e s u l t s  i n  th e  fo rm a tio n  o f  v o l a t i l e  and  v^ater- 

s o lu b le  d e g ra d a t io n  p r o d u c ts .  More th a n  o n e - th i r d  o f  th e s e  

w e ig h t l o s s e s  a re  a cc o u n te d  f o r  by  th e  fo rm a tio n  o f  carb o n  d io x id e  

and w a te r .  A n o th e r t h i r d  o f th e  l o s s e s  a re  due t o  w a te r - s o lu b le  

m a te r ia l  w hich  i s  h ig li ly  a c i d i c .  A f o u r th  r e a c t io n  p r o d u c t ,  

in s o lu b le  in  b o th  w a te r  and n -p e n ta n e , rem ains on th e  s u r fa c e  o f  

th e  c o a t in g s ,

A d u r a b i l i t y  t e s t  f o r  b itum en  c a l l e d  *the m ic ro f ilm  

d u r a b i l i t y  t e s t *  has been  d ev e lo p ed  by G r i f f i n ,  M ile s  and P en th er^ ^^ ^  

A v e ry  t h i n  f i lm  o f  b itum en  (5 p )  i s  sp re a d  on a g la s s  p l a t e  and 

h e a te d  i n  an oven a t  107 ,2^0  f o r  2 h o u rs . The in c r e a s e  o f  

v i s c o s i t y  i s  m easured  by  a s l i d in g  p l a t e  m ic ro v isc o m e te r  and th e  

r a t i o  o f  th e  f i n a l  v i s c o s i t y  to  i n i t i a l  v i s c o s i t y ,  knovm as th e  

a g in g  in d e x , has b een  shovai by H eithauô  and  JohnsonX ^^) to  be
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r e l a t e d  to  th e  l i f e t i m e  o f b itu m in o u s s u r f a o in g s  on th e  ro a d  a f t e r

( 37 )th r e e  o r  more y e a r s ,  A p r e s s u r e  o x id a t io n  t e s t ^   ̂ d e v is e d  by

th e  Road R e se a rch  L a b o ra to ry  o f  th e  M in is t ry  o f  T ra n s p o r t  c o n s i s t s

e s s e n t i a l l y  i n  ex p o sin g  t a r  f i lm s  7 nm th ic k  to  oxygen a t

3000 l b / s q , i n ,  in  a s t e e l  bomb h e ld  a t  63^0 f o r  a  p e r io d  o f

64 h o u rs .  The changes p ro d u ced  a re  e i t h e r  m easured  as  F ra s s

B reak in g  P o in t  o r  th e  in c r e a s e  in  e q u iv isc o u s  te m p e ra tu re ^ ^ ^ ^ ,

( 31 )Bloldcer and Van H o o r n ^  u se d  s i m i l a r  t e s t s  f o r  b itu m en s in  

w hich  oxygen a t  h ig h  p r e s s u r e  (20 a tm o sp h e res ) and  a t  te m p e ra tu re s  

o f  30 to  60^C were u se d . They co n c lu d ed  t h a t  u n d e r  th e s e  

c o n d i t io n s ,  one d a y 's  a g in g  i n  th e  bomb i s  e q u iv a le n t  t o  h a l f  

a y e a r  on th e  ro a d ,

V blkova^^^) s tu d ie d  th e  e f f e c t s  o f  o x id a n ts  and 

a n t io x id a n ts  on w e a th e r in g  o f  b itu m en . R e ta rd in g  e f f e c t s ,  on 

o x id a t io n ,  w ere fo und  w ith  sm a ll amounts o f s u lp h u r ,  t a n n in ,  

n a p h th o l ,  s u lp h a n ila m id e , s u lp h a p y r id in e ,  p y ro c a te c M n  and 

a l i z a r i n .  A c c e le r a t in g  e f f e c t s  were found  w ith  c a rb am id e , 

p h e n y l - - n a p h th y la m in e  and 'F e r ro n a p h t  N o . i * .  S p a rlin ^ ^ '^^  in  

h i s  s tu d ie s  o f  th e  e f f e c t  o f  u .v ,  l i g h t  on v i s c o s i t y  o f  t h in  

f i lm s  o f b itum en  showed t h a t  u . v .  e n erg y  i s  c a p a b le  o f  p ro d u c in g  

m easu rab le  in c r e a s e s  i n  th e  v i s c o s i t y  o f  b itum en  f i lm s  s e a le d  

from  th e  a tm o sp h e re ,

K im iaird^^’*̂  ̂ showed r. d e f i n i t e  r e l a t i o n s h i p  betw een  

th e  p e n e t r a t i o n  and s o f te n in g  p o in t  o f b itu m en s o b ta in e d  by 

o x id a t io n  from  th e  same s to c k .  W rig h t, Campbell and  f r id in g e r ^ ^ ^ ^  

s tu d ie d  th e  e f f e c t  o f  carb o n  a rc  i n t e n s i t i e s  on tv70 a ir -b lo w n  

b itu m e n s , by m easu rin g  th e  changes o f th e  c a rb o n y l band in  th e
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i n f r a - r e d  qeo trum . The b itum en  o x id a t io n  r a t e  in c r e a s e d  v d th  

th e  i n t e n s i t y  o f  c a rb o n -a rc ,

ibcposure o f  b itum ens to  u l t r a - v i o l e t  l i g h t  in  th e  

p re s e n c e  o f  oxygen has b een  siiovrn to  p roduce  v ^ a te r -s o lu b le  

m a t e r i a l s ,  S t r i e t e r  and Snolce^"^^^ were th e  f i r s t  to  r e p o r t  

th e  fo rm a tio n  o f  w a te r - s o lu b le  m a te r ia ls  i n  th e  p re s e n c e  o f  

s u n l ig h t  o r  a r t i f i c i a l  l i g h t  and concluded  t h a t  b o th  l i g h t  

and oxygen were n e c e s s a ry  to  form  th e s e  p r o d u c ts ,  More r e c e n t l y ,  

how ever, G a ll away Iras shown t h a t  bitui^ien f i lm s  exposed  to  

a r t i f i c i a l  l i g h t  i n  th e  absence  o f oxygen had a  h ig h e r  v i s c o s i t y  

th a n  unexposed  sam p les.

1 , 7*2 -  V o l a t i l i s a t i o n

C u t-back  b itum ens and t a r s  c o n ta in  a  c e r t a i n  amount 

o f  v o l a t i l e  o i l s  w hich  a re  l o s t  by  e v a p o ra tio n  on exposu re  

on ro a d  o r  r o o f .  T h is  c*u&08 an In c re a s e  in  th e  v i s c o s i t y  o f 

o i l  c o n s t i t u e n t s  by  slow  e v a p o ra t io n . The low  m o le c u la r  w e ig h t 

com ponents o f  ro a d  t a r  a re  c o n s id e re d  to  be more v o l a t i l e  th a n  

th o s e  i n  s t r a i g h t  ru n  b itum ens and th u s  t a r s  a re  more p ro n e  to  

r a p id  h a rd e n in g , Sabrou e t  a l ,  ̂ su g g e s te d  t h a t  th e  in c r e a s e

i n  v i s c o s i t y  by e v a p o ra t io n  ^^as more im p o rta n t th a n  t h a t  due 

to  o x id a t io n .  T h is  view  was a ls o  su p p o r te d  by  o th e r  w o rk e rs , 

in c lu d in g  L eau te^^ '^^ , B atta^^ '^^  and M itc h e ll  e t  a l . ^ .

M i t c h e l l p r o p o s e d  a  mechanism f o r  th e  l o s s  o f  o i l  by 

e v a p o ra t io n  and  showed t h a t  th e  i n i t i a l  r a t e  o f  l o s s  i n  th e  d a rk  

u n d e r  th e r m o s ta t ic  c o n d it io n s  was c o n t r o l l e d  by  th e  r a t e  o f 

d i f f u s io n  o f  o i l  t o  th e  s u r f a c e ,  v/hich depends on th e  v i s c o s i t y
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o f  th e  "b inder. The developm ent o f  a to u g h  s u r f a c e  s k in  o f

h a rd en ed  h in d e r  by th e  in f lu e n c e  o f  u . v ,  l i g h t ,  s to p s  f u r t h e r

f 51 )e v a p o ra t io n , G r i f f i n ,  Simpson and M iles^   ̂ showed t h a t  no

m a te r ia l  above a m ol. v t .  o f  400 i s  l o s t  from  b itu m en  even a t

a te m p e ra tu re  o f  ioy^C,

The f u l l  s c a le  ro a d  e x p erim en ts  c a r r i e d  o u t by tiie  

( l  )Road R esea rch  Laborator^^^ l e d  to  th e  c o n c lu s io n  t h a t ,  even 

u n d e r  c o n d it io n s  vmere an e v a p o ra t io n  lo s s  i s  m ost l i k e l y ,

i . e .  i n  o p e n - te x tu re d  macadam, t h i s  f a c t o r  carn io t be c o n s id e re d  

a s  th e  m ost im p o r ta n t  f a c t o r  in  th e  d e le te r io u s  h a rd e n in g .

The la b o r a to r y  h a s ,  t h e r e f o r e ,  c o n c e n tra te d  i t s  e x p e r im e n ta l 

r e s e a r c h  on b in d e r  o x id a t io n  s t u d i e s .

1 , 7*3 “ Age h a rd e n in g

The phenomenon o f age h a rd e n in g  co n ce rn s  th e  h a rd e n in g  o f  

a b in d e r  by  slow  change in  th e  i n t e r n a l  s t r u c tu r e  w h ile  in  

s e r v i c e ,  Lee and D ick inson^  showed t h a t  coke-oven  t a r s  

gave p o o r ro a d  perfo rm anoe  m ain ly  due to  fo rm a tio n  o f  i n t e r n a l  

s t r u c t u r e s ,  p a r t l y  due to  c r y s t a l l i s a t i o n  o f a ro m a tic  h y d ro ca rb o n  

com ponents a t  low  te m p e ra tu re s  and p a r t l y  to  a change in  c o l l o i d a l  

s t i a io tu r e .  I t  h as a ls o  been  fo und  t h a t  b o th  h e a t  and t r a f f i c  

movement d e s t ro y  th e  i n t e r n a l  s t r u c tu r e  form ed by  age h a rd e n in g . 

C rack ing  o r  d i s i n t e g r a t i o n  due to  t h i s  age h a rd e n in g  i s  m ost 

l i k e l y  to  o c c u r in  th e  l i f e  o f s u r fa o in g s  u n d e r  very^ l i g h t  

t r a f f i c  and c o o l w e a th e r  c o n d i t io n s .
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CHAFgER 2  

A N A L Y S I S

2*1 -  A nalysis of bitumen and f ra c t io n s

2*2 -  The o h a ra o te r is a tio n  of bitum ens and t h e i r  oonponents 
by in f r a - r e d  spectroscopy

2*3 The o h a ra o te r is a t io n  of bitum ens and t h e i r  f r a c t io n s  by 
n u c lea r  m agnetic resonance speotrom etty

2 .4  "  Sulphur de term ina tion  in  bitumen?.and t h e i r  f r a c t io n s



2 . AII/UjYSIS

2.1 -  A n a ly s is  o f b itu m en  and f r a c t i o n s

The co m p o s itio n  o f  b itum en  i s  v e ry  com plex and has 

p r e s e n te d  a g r e a t  c h a l le n g e  to  c h e m is ts . F o r tu n a te ly ,  in  

r e c e n t  y e a r s ,  new te c h n iq u e s  and t o o l s  have b een  d ev e lo p ed  f o r  

th e  f r a c t i o n a t i o n  and  a n a ly s i s  o f b itu m in o u s m a t e r i a l s .  S e v e ra l 

m ethods u se d  f o r  f r a c t i o n a t i o n  o f  b itum ens a re  s o lv e n t - e x t r a c t i o n ,  

s e le c t iv e -a d s o rp t io n -c h ro m a to g ra p h y  (coluimi ch ro m ato g rap h y , p a p e r  

c h ro m a to g ra p h y ), th e rm a l d i f f u s io n ,  u re a  a d d u c tio n , e l e c t r i c a l  

d e p o s i t io n  and v a r io u s  co m b in a tio n s o f  th e s e ,

2 . 1.1 -  8p l y e n t .ex trau b in u i

( 53 )T ra x le r  and  Schweyer^  ̂ d ev e lo p ed  a m ethod b a se d  on 

th e  s o lv e n t  a c t io n  o f n -b u ta n o l  and a ce to n e  to  s e p a r a te  b itu m in o u s 

m a te r ia l  i n to  ( I )  a s p h a l t i c s ,  ( 2 ) p a r a f f i n i c  o i l s  and  (p )  c y c l ic  

o i l s .  A cco rd ing  to  t h i s  m ethod th e  h ig h e r  m o le c u la r  w e ig h t 

m a te r ia l s  l i k e  a s p h a l t i c s  a re  p r e c i p i t a t e d  w ith  h o t n - b u ta n o l .

The b u ta n o l - s o lu b le  o i l s  a re  th e n  f r a c t i o n a t e d  by  means o f c o ld  

a c e to n e  w hich d is s o lv e s  th e  c y c l ic  compounds and p r e c i p i t a t e s  

p a r a f f i n i c  m a te r i a l ,  A s i m i l a r  m ethod was u se d  by  G ran t and 

H oiberg^^  %

2 . 1 .2  -  8elec^tive A d sp u ^ tio n  

( a )  _^ lrum  chrcm afq

S e p a ra t io n  by a d s o rp t io n  o f  c e r t a i n  b itu m en  com ponents 

on s o l i d  s u r f a c e s  fo llo w e d  by  s e l e c t i v e  s o lv e n ts  to  e lu t e  

v a r io u s  f r a c t i o n s  has been  s tu d ie d  by many w o rk e rs . In  th e s e  

s t u d i e s ,  i n v e s t i g a t o r s  have u se d  ch ro m ato g rap h ic  columns w ith  

d i f f e r e n t  a d s o rb e n ts  such  a s  f u l l e r ' s  è ia r th ,  anhydrous a lu m in a ,



s i l i c a - g e l  and  a co m b in a tio n  o f  th e  l a s t  tw o. lia ro u sso n  and

c o - w o r k e r s a s  e a r ly  a s  1916 d eve loped  a m ethod f o r  th e

f r a c t i o n a t i o n  o f  b itum ens u s in g  f u l l e r ' s  o-arth  a s  a d s o rb e n t and

(55)s e l e c t iv e  s o lv e n ts ,  H ubbard and S ta n f ie ld ^  '  f r a c t i o n a t e d  

b itu m en  i n t o  th r e e  com ponents; a s p h a l te n e s  were p r e c i p i t a t e d  by 

n -p e n ta n e  and p e n ta n e - s o lu b le  m a lten e s  w ere f r a c t i o n a t e d  in to  

o i l s  and  r e s i n s  by  a d so rb in g  th e  l a s t  on anhydrous a lu m in a .

0 * D onnell d ev e lo p ed  a p ro c e d u re  w hich in v o lv e d  

m o le c u la r  d i s t i l l a t i o n  to  g iv e  s e p a r a t io n  by s i z e ,  s i l i c a  g e l  

ch rom atography  to  s e p a ra te  s a t u r a t e s ,  a ro m a tic s  and r e s i n s ;  

s o lv e n t  dew axing o f  th e  s a t u r a t e s  t o  d e te rm in e  v/ax c o n te n t ;  u re a  

complex fo rm a tio n  to  s e p a ra te  lo n g  c h a in  p a r a f f i n s ;  a lum ina  

chrom atography  to  s e p a ra te  m o n o -cy c lic  a ro m a tic s ;  p e ro x id e  

o x id a t io n  fo llo w e d  by  chrom atography  to  remove th io p h e n e  an a lo g u es  

and th e rm a l d i f f u s io n  i n  th e  l i q u i d  s t a t e  to  s e g re g a te  n a p h th en es  

on th e  b a s i s  o f  r in g  num ber.

( 57)ICLeinschmidt^  ̂ u se d  a ch ro m ato g rap h ic  s e p a r a t io n  m ethod

u s in g  f u l l e r ' s  o ,a rth  as a d so rb e n t and n -p e n ta n e , m ethy lene  c h lo r id e ,  

m ethy l e th y l  k e to n e  and a c h lo ro fo rm -a c e to n e -v /a te r  m ix tu re  a s  

s e l e c t i v e  d e so rb in g  s o lv e n ts .  A f te r  rem oval o f  p e n ta n e  in s o lu b le  

a s p h a l te n e s ,  th e  p e n ta n e  s o lu b le  m alten e  f r a c t i o n  was p e r c o la te d  

th ro u g h  th e  a d s o rb e n t column u s in g  th e  d e so rb in g  s o lv e n ts  

m en tio n ed . The f r a c t i o n s  o b ta in e d  were te rm ed  v /h ite  o i l ,  d a rk  

o i l ,  a s p h a l t i c  r e s in s  and an a c e to n e -c lilo ro fo rm  d e so rb ed  f r a c t i o n ,  

C o rb e tt and S w arlr ick ^ ^ ^ ^  u se d  a  ch ro m ato g rap h ic  column o f 

a c t iv a t e d  'P o ro c e l* .  A l t e r n a t iv e ly ,  th e y  s u g g e s te d  f o u r  in c h e s
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o
alum ina on s i l i c a  g e l .  W ith  th e  column m a in ta in e d  a t  150 F , th e y  

c o u ld  s e p a r a te  b itum en  in to  a s p h a l te n e s ,  p a r a f f in s  + n ap h th en es  and 

a ro m a tic s  u s in g  n -h e x a n e , is o -o c ta n e  and p y r id in e  a s  d e so rb in g  

s o lv e n ts .

( 5 9 )C he lton  and 'T rax le r   ̂ s e p a ra te d  b itum en  in to  32 

f r a c t i o n s  by chrom atography  and l i q u i d  th e rm a l d i ,f fu s io n  a f t e r  

s e p a ra t in g  p e n ta n e  in s o lu b le  a s p h a l te n e s ,  H idd leton^ '^^^  f r a c t io n a te d  

b itum ens in to  f iv e  f r a c t i o n s ;  a s p h a l te n e s  were p r e c i p i t a t e d  u s in g  

n -p e n ta n e  and th e  p e n ta n e  s o lu b le  m a te r ia l  was p u r i f i e d  by  

t r e a t i n g  w ith  A tta p u lg u s  c la y  and p a sse d  th ro u g h  an a c t iv a t e d  

a lum ina  column and th e  a d so rb ed  m a te r ia l  e lu te d  w ith  n -p e n ta n e , 

c y c lo h ex a n e -c a rb o n  t e t r a c h l o r i d e  and m e th an o l-b e n sen e .

W etze l and Pe t e r ^ ^ ^ ^  s e p a ra te d  b itu m in o u s  m a te r ia ls  

in to  a s p h a l te n e s ,  p e tro le u m  r e s in s  and m in e ra l o i l  ty p e s  by 

p a p e r  ch rom atography , o b s e rv a t io n s  b e in g  made w ith  th e  a id  o f 

u l t r a - v i o l e t  l i g h t ,

2 . 1 .3  -  T lieri'.al di f f u s io n

0 ' D o n n e l l u s e d  th e rm a l d i f f u s io n  to  s e g re g a te  

n a p h th en es  p r e s e n t  in  th e  b itu m en . He u se d  a column c o n s is t in g  

o f  th r e e  c o n c e n tr ic  g la s s  tu b e s .  Steam was p a s s e d  th ro u g h  th e  

c e n tr e  tu b e  and c o o lin g  w a te r  c i r c u la t e d  th ro u g h  th e  o u te r  

a n n u lu s . Sam ples were removed from  tim e to  tim e from  f iv e  

r e s e r v o i r s  to  d e te rm in e  r e f r a c t i v e  in d ex  in  o rd e r  to  a s c e r t a i n  

th e  e q u il ib r iu m  s t a g e .  F r a c t io n s  from  th e  to p  o f  th e  column 

c o n ta in e d  m ost hydrogen .
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(62)G ardner, rïardüian and jo n e s ^ '’ employed a  s i m i l a r  

method to  s e p a r a t e  n -p e n ta n e  s o lu b le  m a t e r i a l  i n t o  s e v e r a l  

f r a c t i o n s .

( 59)C he lton  and T ra x le r^   ̂ f r a c t i o n a t e d  b itu m in o u s  m a te r ia l  

a f t e r  rem oval o f  a s p h a l te n e s ^ u s in g  chrom atography  and th e rm a l 

d i f f u s i o n .  The thexn ial d i f f u s io n  a p p a ra tu s  was a c o n c e n tr ic  

m e ta l column 6 f e e t  in  l e n g th  w ith  a te m p e ra tu re  d i f f e r e n t i a l  o f 

60^G. A f te r  200 h o u rs  a t  th e s e  c o n d it io n s  th e  f r a c t i o n s  were 

rem oved from  th e  column from  top  to  b o tto m . S e v e ra l  days 

were r e q u i r e d  f o r  em ptying becauso  o f th e  v i s c o s i t y  o f th e  lo w e r 

f r a c t i o n s .

2 , 1 . 4

E l e c t r i c a l  d e p o s i t io n  o f  a s p h a l t i c  p a r t i c l e s  from  c rude  

o i l  was i n v e s t i g a t e d  by P re c k s h o t t  and c o - w o r k e r s C s a n y i  

and B assi^^^^  f r a c t i o n a t e d  b itum en  by e l e c t r i c a l  p r e c i p i t a t i o n  

u s in g  d i f f e r e n t  s o lv e n t  co m b in a tio n s such  as m e th a n o l-c a rb o n  

t e t r a c h l o r i d e ,  m e th an o l-b en sen e  and a c e t i c  a c id - p y r id in e -  

ca rb o n  t e t r a c h l o r i d e .  W ith  one e x c e p tio n  d e p o s i t io n  was a t  th e  

n e g a t iv e  e le c t r o d e .

2,1 . 5 . -  pfe_£q_qonplex fo rm a tio n

( h o )T his m ethod was em ployed by  O 'D onnell  ̂ to  s e p a ra te  

lo n g  c h a in  p a r a f f in s  from  b ran c h ed  m o lecu les  o f  b itu m e n . C alderbank  

and h ik a lo v  u se d  t h i s  method t o  f r a c t i o n a t e  b itu m in o u s  

f r a c t i o n s .  Solid , com plexes a re  form ed betv/een u re a  and a d d u c ta b le  

su b s ta n c e s  w hich can be f i l t e r e d  from  th e  m a tr ix  and washed f r e e  

from  o th e r  o i l s .  H e a tin g  o r  t r e a t i n g  w ith  w a te r  i s  commonly u se d  

to  decompose th e  com plex and re c o v e r  th e  hydrocarbo^i.



2 , 1 . 6  -

S in ce  th e  work e n v isag e d  was th e rm a l and p h o to ­

o x id a t io n  o f  "bitumens and t h e i r  f r a c t i o n s  a s u i t a b l e  f r a c t i o n a t i o n  

m ethod was n e c e s s a ry . I t  has been  seen  in  th e  fo re g o in g  s e c t io n s

o f  t h i s  C hap te r t h a t  many m ethods e x i s t  a lo n g  w ith  o th e r s  to o

num erab le  to  m en tio n .

I t  was d e c id e d  t h a t  a r e l a t i v e l y  s im p le  m ethod p ro v id in g  

a few f r a c t i o n s  ozfLy w ould s u f f i c e  s in c e  th e  em phasis o f th e  work 

was to  be on o x id a t io n  r a t h e r  th a n  on f r a c t i o n a l  c o m p o s itio n .

T hroughout t h i s  work th e  same f o u r  b itu ia en s  were

ch o sen . I t  vras e s s e n t i a l  t h a t  one o f  th e s e  sh o u ld  be T r in id a d

Lake A sp h a lt  s in c e  t h i s  m a te r ia l  i s ,  i n  a  s e n s e ,  th e  s ta n d a rd  

w ith  w hich o th e r  b itu m en s a re  compared ? ;ith  r e s p e c t  to  n o n -sk id  

h o t  r o l l e d  a s p h a l t .

The fo u r  b itu m en s a re  d e s c r ib e d  in  T ab le  I  show ing, 

where p o s s ib l e ,  t h e i r  so u rc e s  and m ethod o f m a n u fa c tu re . I t  nay  

be n o te d  t h a t  p e n e t r a t io n ^ in  th e  norm al a s p h a l t  ran g e  o f  40-60 

w ere c h o sen .

The fo llo w in g  th r e e  m ethods o f f r a c t i o n a t i o n  were

t r i e d ,

(a )  ^ol y e i r ^ â ^^ : Bitum en was

d is s o lv e d  i n  n -b u ta n o l  and  in s o lu b le  a s p h a l t i c s  w ere removed by

c e n t r i f u g in g .  The n -b u ta n o l  s o lu b le  f r a c t i o n  was c o n c e n tra te d

by d i s t i l l a t i o n .  The v is c o u s  p o r t io n  w-as th e n  d is s o lv e d  in  v^arm

a c e to n e  and c h i l l e d  a t  -10^F u s in g  s o l i d  carb o n  d io x id e .  I t

d id  n o t  l i b e r a t e  any in s o lu b le  m a t te r .  T h is m ethod vjas found  to  be

te d io u s  and th e  f r a c t i o n a t i o n  o b ta in e d  n o t v e ry  d i s t i n c t ,
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TABLE 1 

SOURCE OF BITWŒNS USED

tumen Source

VISCOSITY

Penetration
S.Pt.*C  
(R and D)

1

Blended Venezuelan and Middle East 

Crudes (vacuum d i s t i l l a t i o n  of 

topped crude)

43 55

2

Venezuelan crude (Langunillas} 

(vacuum d i s t i l l a t io n  of topped 

crude)

60 49

3

Trinidad Lake Asphalt ( f i l l e r  

removed and fluxed with Trinflux) 40 52

if

Blended South American and Middle

East crudes (vacuum d i s t i l l a t io n  of

topped crude) 
--------------------------------------------------------------------------------------------------

44 55



(b) ICleinschmidt method 5̂7  ̂ o f  fraction ation  by
adsorption in fu ller> s  earth ; After removal

of asphaltenes the maltene fraction  was eluted  through a 

f u l l e r e a r t h  column. Elution was very slow^ the f i r s t  

fraction  taking 20 hours to pass through the column. The 

chromatographic column was, therefore , modified as described  

in  method (c ) ,

( c ) Modified Kleinschmidt method o f  fra c t io n a tio n ; 

A diagram summarising the modified fraction ation

method i s  shoxvn in Figure 1 , In the case o f  bitumen 3 

(Trinidad Lake Asphalt) the mineral f i l l e r  was removed by 

d isso lv in g  the bitumen in methylene ch lor ide , centrifuging  

and subsequently removing so lven t. This f i l l e r - f r e e  

bitumen and the other three petroleum bitumens were then 

subjected to fra c t io n a tio n .

The asphaltenes were separated by d isso lv in g  

bitumen in  100 volumes of petroleum s p ir i t  (b ,p . 30-4Ô C) 

and the so lu tion  l e f t  for two hours, Asphaltenes were 

p rec ip ita ted , removed by centrifuging and washed with an 

additional 50 volumes of petroleum s p i r i t .  The petroleum 

s p ir i t  from the asphaltene fraction  was removed by 

evaporation in an oven at 60*C. This fraction  was weighed 

as asphaltenes. The petroleum-soluble portion of bitumen 

was concentrated by d i s t i l l a t io n  under reduced pressure and 

classed  as maltenes in the usual way.

Several chromatographic columns were made from 

1 inch diameter pyrex g lass  as in  Figure 2, The overall
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F I G  I

SÜMÎ-'ÎARY DIAGHi\î4 OF FRACTION ATI OH METHOD
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lengths were 24 inches and the o r i f ic e  at the tapered end 

approximately 2 mm i , d .

The column was packed with 3 parts by weight of  

activated  s i l i c a  gel and 1 part of  activated  alumina on top 

(both heated at 120°C for 8 hours). Glass wool plugs were 

inserted  top and bottom and c lo se  packing ensured by 

vib ratin g .

Columns were f i r s t  wetted with petroleum s p ir i t  

(b.p , 3 0 - 4 0 )  and the maltene so lu tion  fed in to  the column 

at 5 ml/min. The so lu tion  leaving the column was co llec ted  

and several washings of petroleum s p ir i t  passed through u n til  

the e lu te  l e f t  no o i l  s ta in  on f i l t e r  paper. Solvent was 

removed from th is  f i r s t  fraction  by vacuum d i s t i l l a t i o n  

and f in a l  traces removed in a vacuum oven u n til  a constant 

weight was obtained. This fraction  was ca lled  WHITE OIL,

The material adsorbed by the s i l i c a  gel/alumina  

was eluted using, su cc ess iv e ly ,  methylene chloride  

and methylethyl ketone to give BARK OIL and ASPHALTIC 

RESINS respectively^

Final e lu tion  was made with a 10s90 mixture 

of water acetone followed by chloroform and th is  acetone-  

chloroform desorbed material added to the RESIN fra c t io n .
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2 .1 .7  -  Description of bitumen fractionated  components

The four fractions co llec ted  were;-

( i )  Asphaltenes; Charcoal grey powder,

( i i )  White o i l ;  Water-white o i l  o f  medium v is c o s i t y .

Occasionally a very pale straw 

colour,

( i i i )  Dark o i l ;  Black liqu id  o f  high v i s c o s i ty ,

and

( iv )  Resins : Black sem i-so lid  material o f  very

high v i s c o s i ty .

A schematic diagram of the fractionation  procedure 

i s  shown in Figure 1, The percentage fraction s obtained from 

the four d ifferen t bitumens are represented in  Table 2, The 

chemical-type d is tr ib u tio n  of bitumen fra ct io n s  are represented  

diagrammatically in Figure 3,

2 .1 .8  -  Discussion of re su lts

Reference to Table 2 and Figure 3 ind icates  that 

the four bitumens se lec ted  d i f f e r  considerably in fra c t io n a l  

composition and so should behave d iffer en tly  during oxidation  

s tu d ie s ,

Bitumen 3 (T.L.A.) has the highest percentage of

asphaltenes, more than twice the other bitumens but contains

a correspondingly lower amount of  the other fr a c t io n s .

The petroleum bitumens are fa ir ly  a lik e  in  general

fraction a l composition with bitumen 2 having a large percentage

of dark o i l  but le s s  white o i l  than the others. The only
— 28 —



TABIiE 2

n ia T R iB u m a w  gg f r a c t iw a ie s d  c o m p o iœ w s  o f  ? o m
B IO T m S  FROM ' 'taj'MtENO! SOITRCB^

Bitumen
No*

A sphaltenes
- - -----------

White O il
fo

Dark O il 
%

Eaain
%

Reooveiy
fo

1 19.85 22.78 44.82 12.36 99.81

1 20.20 23.00 45.05 12.00 100.25

Average 20.025 22.89 44.935 12.18 100.03

B eviatio r + 0.175 + 0.11 + 0.115 + 0.18 + 0.22

2 19.30 15.81 56.85 7 .70 99.65

2 19.02 14.^4 57.60 7.66 99.42

Average 19.61 15.025 57.225 7.68 99.535

B eviatio r + 0.31 ± 0.785 i  0.375 +0.02 ± 0.115

? 56.06 8.10 31.01 5.05 100.22

3 57.00 7.96 30.80 ! 4.96 100.72

Average 56.53 8.03 30,905 5.005 100.47

B ev ia tio r + 0,47 + 0.07 + 0.105 ± 0.045 + 0.25

4 20.50 18.35 45.48 15.72 100.05

4 20.00 18.02 46.12 15.97 100.11

Average 20,25 18.185 45.80 15.835 100.08

B evia tio r + 0.25 + 0.165
1

± 0 .3 2 ± 0.135 ± 0.03
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other notable d ifference i s  in bitumen 4 where the resin  

fraction  was nearly twice as great as bitumen 2 and three times 

as great as bitumen 3,

2,2 -  The characterisation  of bitumens and the ir  components by 
infra-red spectroscopy

Infra-red spectroscopy has been used in th is  work in 

an attempt to define (a) the functional groups of bitumens and 

components to provide information about the chemical con stitution  

before and a fter  oxidation and (b) the d ifferen ces between 

refinery bitumens and Trinidad Lake Asphalt^ since these behave 

very d if fe r e n t ly  when used in dense road surfaoings,

2 ,2 .1  -  Experimental

Infra-red spectra o f  the d ifferen t bitumens described  

in Table 1 and the ir  chromatographically separated fractions  

were scanned on a Perkin-Elmer Infra-Cord Spectrophotometer 

Model 174 using various techniques as fo llow s;

( i ) Solvent method 

Bitumens y dark| o i l s  and resin^ being very v iscou s ,  

were best studied by a solvent method, A solution  o f  50 mg 

of sample in carbon tetrachloride was placed in the solution  

c e l l  with pure solvent in a reference c e l l  o f  equal path length  

for compensation,

( i i )  - Liquid-film method

The white o i l  fraction  was f lu id  enough for th is  

technique, 10 mg of white o i l  was spread uniformly in the 

form of a thin film  between two rock sa lt  d is c s .  Two other 

discs  were taken as a reference c e l l  and the spectrum scanned,
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( i i i )  -  Disc method

The asphaltene fraction  was a powder^ so a d isc  was 

prepared by pressing 2 mg of f in e ly  ground powder mixed with 

200 mg of potassium chloride using a metal d ie ,

2 ,2 .2  -  Spectra and th e ir  interpretation

Figures of  these spectra with th e ir  in terpretation  

are given in Appendix  ̂ along with spectra o f  thermally oxidised  

and photo-oxidised samples which are referred to in  la te r  chapters 

and discussed in d e ta il  there,

2 .3  -  The characterisation o f  bitumens and th e ir  fraction s  by 
nuclear magnetic resonance spectrometry

Nuclear magnetic resonance (NMR ) spectroscopy i s  the

most modern technique used for rapid and accurate determination

of molecular structure^ geometry of structure, quantitative

analysis and the conformational analysis of hydrocarbons for

either pure compounds or mixture of  compounds. This technique

i s  a lso  used to characterise hydrocarbon mixtures. In th is  work

NMR spectroscopy i s  employed in an attempt to elucidate

functional groups in bitumens and fraction s using chonical s h i f t s

of hydrogen nuclei present in these groups.

The chemical s h i f t s  (the absorption band location )

-  T value -  give a clue to the chemical nature o f  hydrogens and

their  structural environment. The band in te n s i t ie s  are

d irec t ly  proportional to the number of protons responsible

The band m u lt ip l ic i t ie s  produced by spin-spin in teraction  provide

structural and often stereochemical information,

— 30 —



W i l l i a m s used I#R fo r  stu d y  o f  petroleum  f r a c t io n s .

He c h a r a c te r ise d  sa tu r a te s  by a *Branohiness In d ex ’ ( B l ) ,  which  

i s  d e fin ed  as th e  r a t io  o f  th e  h e ig h ts  o f  s ig n a ls  due to  m ethyl 

and m ethylene groups r e sp e c t iv e ly #  H» a scheme f o r  arom atic

a n a ly s is  w hich p ro v id es d eterm in ation s o f allqyl and arom atic r in g  

carbon, a lk y l  group s u b s t itu t io n  on arom atic r in g s ,  th e  average  

number o f  arom atic r in g s  p er  m olecule and th e  number o f  carbons 

p er  a lk y l  group . He a ls o  d ev ised  a group c h a r a c te r is a t io n  scheme 

fo r  o l e f i n  f r a c t io n s  in  th e  same manner as f o r  arom atic s .

W inniford e t  s tu d ie d  th e  s tr u c tu r e  o f  petroleum

a sp h a lten es  u s in g  proton  m agnetic resonance* They measured fou r  

c la s s e s  o f hydrogens, v iz#  arom atic , b e n z y l io ,  m ethylene and 

m ethyl protons* GArdner^^^^ stu d ied  10 therm al d i f f u s io n  

f r a c t io n s  from th e  m altene f r a c t io n  of b itum en, u s in g  an 

HÎ/IR te c h n iq u e , C h a m b e r l a i n s t u d i e d  many pure hydrocarbons 

and m ixtures by Hîffi sp e c tr o sc o p ic  a n a ly s is .  He produced summary 

c h a r ts  o f  th e  chem ical s h i f t s  o f  v a r io u s hydrogen co n ta in in g  

fu n c t io n a l  groups s u ita b le  f o r  id e n t i fy in g  ch e m ic a lly  d i f f e r e n t  

■types o f  hydrogen presBiat in  th e  m o lecu le . Yen and Erdman^^^^ 

employed HïiR a n a ly s is  to  stu dy  the s tr u c tu r e  of a sp h a lten es  

and r e s in *  , They employed t h i s  tech n iq u e to  d is t in g u is h  

between hydrogens in  d i f f e r e n t  s tr u c tu r a l en v iron gon ts  

w ith in  a m olecu le  and gave some in form ation  regard ing  the shape 

o f  th e  arom atic r in g s ,  th e  e x te n t  o f  arom atic s u b s t itu t io n  

naphthenio groups and th e  lo c a t io n  o f  m ethyl groups r e la t iv e  

to  th e  condensed r in g  system s*
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(12  )Sternhell^ in h is  paper on h igh-reso lu tion

nuclear magnetic resonance spectroscopy showed the importance

of NMR in structural studies of coal by giving typ ica l chemical

s h i f t s  and the ir  assignment representing d iffer en t  types of
(73 )protons, Friedel studied the structure of asphaltenes,

obtained from coal hydrogenation «ring NMR technique. He

concluded that asphaltenes contain large molecules with many

tetralin^type structures but with few polynuclear condensed

aromatics and a few bonds e a s i ly  broken to form free ra d ic a ls .

Brown et  employed NP® spectroscopic analysis

in the study of hydrogen d istr ib u tion  in coals and with few

assumptions they estimated arom aticity, degree of substitu tion

and ring s i z e ,  Ladner and S t a c e y s t u d i e d  the hydrogen

d istr ib u tion  in coals and solbble fraction s of coal using a

proton magnetic resonance technique. They estimated the

ratio  of  a lip h atic  hydrogen in CH“ and CH" groups to that

in CHg groups making a few assumptions, Dewalt and Morgan^^^^

employed NMR technique to study the structure o f  tars^ pitches
(77 )and asp ha lts , Durie^ Shewchyk and Sternhell^ recently  

studied the hydrogen d istr ib u tion  in the v itr a in s  and th e ir  solvent  

extracts from some Australian bituminous coals using NMR 

technique. They have given a chemical s h i f t  assignment for  

aromatic hydrogen, hydrogen on carbon atoms to the aromatic 

ring (benzylic) and a lip h a tic  hydrogen at 8 ,4 -6 ,5  cT •

3 .5 -1 ,9  and le s s  than 1.9 ^ regions re sp ect iv e ly .
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2 .3 .1  -  Experimental

NMR spectra of the two bitumens and the ir  fractions  

were scanned on a Perkin Elmer NT# spectrometer which operates 

at a frequency of 40 Me/#. The radio frequency was Kept at 

2 mV, The in ternal reference was tetram ethylsilane (TMS ) 

which gave a signal at 10 , Carbon tetrach loride which

gives no signal was used as a solvent so the s ign a ls  only 

arise  from the d issolved  compound. The e lectron ic  integrator  

was employed to get in tegra l of the absorption s ig n a ls  (chemical 

s h i f t s )  and th is  helps in assessing the s ign if ican ce  of various 

s ig n a ls .  The v e r t ic a l  displacement of each plateau from the 

preceding one i s  proportional to the area under the absorption 

band integrated .

I t  was most d i f f i c u l t  to obtain NMR spectrum of the 

asphaltenes due to the very high molecular weight and the 

paramagnetic properties which broaden the absorption bands 

even in r e la t iv e ly  d ilu te  so lu tion s ,

2 .3 .2  -  Spectra and the ir  in tep reta tion ^^^'^^f^^*^^^
(74 75 )The procedure suggested by Brown and Ladner »

(71 )and employed by Yen and Erdman was used in marking f iv e  

regions between 1 and 10 T iu  each spectrum to show f iv e  

d ifferen t types of  protons (F ig ,4a ), The ch aracter is tic  

of these hydrogen types and their  respective band locations  

re la t iv e  to each other are given in Table 3, The breadth o f  

a l l  the absorption bands in the spectrum being very much 

greater than obtained for simple compounds i s  probably due 

to the molecular complexity of bitumen,
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The NMR spectra o f  resin  (Fig,4c) and dark o i l  

(F ig ,4d) fraction s are sim ilar to those of bitumen except for  

the variation  in absorption band areas. They a l l  show aromatic, 

b en zy lic , naphthenic, a lip h atic  methylene and a lip h a tic  methyl 

protons in d ifferen t  proportions, NMR spectra of white o i l  

fractions (Fig,4d) show the presence of naphthenic, a lip h atic  

methylene and a lip h a tic  methyl protons. White o i l  does not 

show any signal at 2,75 and 7,60 region suggesting the absence 

of aromatic and benzylic protons, NMR spectra of white o i l ,  

dark o i l , resins and bitumen show no signal in the region of

3.5 to 5 ,0  T suggesting the absence of o le f in ic  protons. This 

ind icates some agreement with the resu lts  obtained by infra-red  

a n a ly s is .

2 , 3 , 3  -  Quantitative measurement of hydrogen d istr ib ution  

The s ign a ls  observed in NiVIR spectrum are very useful 

in d istingu ish ing  hydrogen atoms in aromatics and saturates .

The integrated in te n s i t ie s  o f  the d ifferen t  s ign a ls  in NT# 

spectrum under su itab le  experimental conditions are d irec t ly  

proportional to the number of nuclei involved. The hydrogen 

d istr ib u tion  could a lso  be obtained from these s ig n a ls  by 

measuring areas of these peaks by either counting squares or 

by cutting  tracings on paper and weighing. The percentage of  

d ifferen t  types of hydrogen d istr ib ution  was calcu lated  by 

counting squares under the area within respective T values. 

These re su lts  are represented in Tables 4 and 5,
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2 ,3 .4  -  Discussion

The hydrogen d istr ib ution  in petroleum bitumen (2) and 

Trinidad Lake Asphalt (3) and th e ir  components i s  represented  

in Tables 4 and 5. I t  can be seen from these tab les  that both 

petroleum bitumen and Trinidad Lake Asphalt show l i t t l e  d ifference  

in hydrogen d is tr ib u t io n . In addition , there i s  a marked s im ila r ity  

fraction  for fra c t io n .

The paraffin ic  character of both white o i l s  i s  

confirmed by the absence of aromatic hydrogen. The high percentage 

of methyl groups present in th is  fraction  suggests the presence 

of heavily  branched paraffin ic  chains. This ch a ra c ter is t ic  is  

comparatively more prominent in the white o i l  fraction  of 

T.L,A, than that o f petroleum bitumen.

Dark o i l  and resin  fractions show the presence of  

aromatic hydrogen and benzylic protons suggesting substitu ted  

aromatic r in g s , In both bitumens the dark o i l  fra c t io n  would 

appear to have s l ig h t ly  more aromatic hydrogen than the resin  

f r a c t io n ,

Asphaltene fraction  did not show prominent s ign a ls  in 

the spectrum (Fig, 4b) due to i t s  para-magnetic prop erties , hence 

the hydrogen determination was not possib le  in that fract ion .

Only two bitumens and the ir  fraction s  were studied  

using NMR techniques since i t  was f e l t  that, while in te r e s t in g ,  

no information leading to  a s ig n if ic a n t  characterisation  of  

the fraction s  was obtained.
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TABLE 3

TYPICAL CHEMICAL SHIFTS

BAND CENTRE POSITION
Symbol T M u ltip lic ity Assignment

«A 7.25 2.75 Broad band Aromatic proton Ph-H

Ha 2.40 7,60 Broad band Benzylic proton 
Ph-CH^, Ph-CHg-CHg

«N 1.58 8,42 Broad region Naphthenic proton

% 1.25 8.75 S inglet A liphatic methylene

ŜMe 0.88 9.12 Singlet A liphatic methyl 
—3 2 —3
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2.4 -  Sulphur determination in bitumen and th e ir  fraction s

Determination of sulphur in petroleum and products by 

the bomb method i s  described under In th is  method

the sample i s  oxidised by combustion in oxygen under pressure 

in a bomb containing 5 ml of 5% sodium carbonate so lu t io n .  

Sulphur i s  determined gravimetrically as barium sulphate 

by p rec ip ita tin g  the oxidised contents of the bomb with barium 

ch loride. This gravimetric method of determining sulphur i s  

lengthy and tedious and i t  was decided to modify the method 

using a t i t r a t io n  technique in which the bomb contents after  

ign it ion  are t itr a te d  against standardised 0,005 M barium 

perchlorate using thoron as ind icator. This method was
/op \

employed by James, Fritz and Yamamura for the 

determination of low concentrations of sulphate in water, A 

f la sk  combustion method was employed for the determination 

of sulphur in petroleum and i t s  products by Lidell^^^^ who 

used a g lass  f la sk  f i l l e d  with oxygen at atmospheric 

pressure. In th is  method complete combustion of the 

sample was d i f f i c u l t  so the modified bomb method was 

employed,
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2 .4 ,1  -  Modified bomb method* experimental

(a ) Reagents used;

1. Sodium carbonate so lution; 50 g / l i t r e  sodium

carbonate so lution  (135 g of Na CO .lOH 0 in a
2

l i t r e  of water),

2, Cation-exchange resin  (Amberlite resin  CG-120 B.D.H)

3.0.005 M barium perchlorate solution; 2 g of barium

perchlorate trihydrate in 200 ml of water and

500 ml of ethyl a lcohol. The pH was adjusted

to approximately 3,5 using perchloric acid

and the entire solution was d ilu ted  to one l i t r e  
with ethyl a lc o h o l, This was then standardised

against standard 0,005 M Ĥ SÔ  using bromophenol

blue as an ind icator,

4 .Thoron indicator* thoron powder (Thoronol) B.D. 

Products. 1 - (O-Aroono-phenyl-azo)-2 naphthol- 

3;6-disulphonic acid . 0 .2 ^ .aolution in water.

5 .Ethyl alcohol; Commercial grade.

(b) Procedure *

About 0 ,3  g of the bituminous sample was weighed 

accurately in a s i l i c a  crucible and ignited  under oxygen pressure 

in the bomb containing 5 ml of 5^ sodium carbonate so lu tion  

as described under ASTM.D.129-IP,61. The contents were removed 

and were d iluted  to 250 ml with d i s t i l l e d  water, 10 ml o f  

th is  so lution  was taken and was passed through the cation  

exchange resin  column to remove the cations of the so lu tion
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and was washed with 25 ml of ethyl a lcohol. Every ten readings 

the cation-exchange resin  column was regenerated with 5N HCl, 

This was then washed with d i s t i l l e d  water u n t i l  the eluate  

was free from chloride and i t  was ready for further u s e , To 

the previously eluted  so lu tion  and washings in a beaker, two 

drops of thodn indicator were added. This was then t i tr a te d  

against previously standardised O.0045 M barium perchlorate  

so lu t io n . The end point was noted by the change in colour 

from red to pink. Readings were taken in to  dup licates and 

the ir  mean was used for ca lcu la tin g  the percentage of  

sulphur, A specimen ca lcu lation  i s  shown below.

(c ) Calculations ;

Bitumen 1 Mean l i t r e  3,8 ml

Ml = ^2 ^  "2

_ 3.8 X 0.0045
1 0 x 4

^1

X 98 = 0 . 0421

. ' .  sulphur = 0.0421 x 32 = 0.0138 g
98

The percentage of sulphur was calcu lated  as follow s;
io s  .  = 0.0138 X 100 ,   ̂ 03

w 0.3424 •

where m olality  of oxidised sample so lu tion
M2 r- m olality  of barium perchlorate

TL volume o f  so lu tion  of oxidised sample taken
V2 -  volume of barium perchlorate so lu tion  required

(burette reading)
S g of sulphur calculated  in the given sample
w g of sample taken,
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Sulphur was determined in a l l  bitumens and the ir  fraction s  

and the re su lts  obtained are represented in Table 6.

2 ,4 .2  r- Discussion

The determination of sulphur i s  important from two 

points of view, v iz .  (1) as an aid in the characterisation  

of bitumens and th e ir  fractions and ( i i )  to study i t s  e f f e c t  

on the weathering. I t  has been suggested that sulphur has 

a retarding e f fe c t  on the rate of oxidation , hence i t s

determination i s  necessary. The e f fe c t  of sulphur on thermal 

and photo-oxidation i s  described in the re la t iv e  s e c t io n s ,

From Table 6  H can be seen that the highest percentage 

of sulphur i s  present in asphaltenes and the lowest in white 

o i l s .  Dark o i l s  and resin s a lso  show quite high sulphur 

contents. Of a l l  the bitumens, Trinidad Lake Asphalt contained 

the highest percentage of sulphur.
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SULPHUR DISTRIBUTION IN BITUMENS AND THEIR FRACTIONS

Bitumen Sample
description description Sulphur

Bitumen 4,03

Bitumen 1 TVhite o i l 1.53

and Dark o i l 4 .53

Fractions Resins 4 .10

Asphaltenes 5.55

Bitumen (ca lculated) 3.99 .

Bitumen 3.76

Bitumen 2 î^hite o i l 1.63

and Dark o i l 4 .04

Fractions Resins 3,12

Asphaltenes 5.11

Bitumen (calculated) 3 78
Bitumen 3

Bitumen 4.73
and

khite o i l 1.08
Fractions

Dark o i l 4.76
(F i l le r  f r e e )

Resins 4.44

Asphaltenes 5.62

Bitumen (ca lculated) 4.88

Bitumen 3.80

Bitumen 4 White o i l 1.52

and Dark o i l 4,01

Fractions Resins 3.05

Asphaltenes 5 ,60

1
I

Bitumen (ca lcu lated) | 3.83 ;
“ 42
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3. THE THERfvîâL OXIDATION OF BITUMENS AND THEIR FRACTIONS AT 
DIFFERENT TEMPERATURES

The long-term durability  of bitumen coatings i s  

very important from the viewpoint of commercial ap p lication .

The durab ility  of bitumens depends on the influence of weather, 

including a ir ,  l i g h t ,  moisture, heat e t c .  The action of  

atmospheric oxygen i s  one of the principal factors responsible  

for the deterioration  of bituminous coatings* producing 

slow autoxidation the rate depending on temperature. At 

normal atmospheric temperatures bitumen oxidised slow ly. 

Oxidation of the outer surface i s  accelerated by sunlight  

and the inner oxidation i s  thermal. The aging of exposed 

bitumen i s  thus a ffected  by the presence or absence o f  

sunlight and so th is  study has involved both thermal and 

photochemical oxidation.
(25 )Thurston and Knowles were pioneers in  the

study of thermal oxidation of bitumen» and the ir  components.

They used a s t a t i c  oxidation method and concluded that the

so l id  constituents  (asphaltenes ) oxidised most readily  and the
(27 )o i l s  l e a s t .  Ebberts employed potassium permanganate 

and sulphuric acid in ox id is ing  thin film s of bitumen, Erdman 

and R a m s e y d e v i s e d  a rapid semi-automatic procedure for the 

determination of the oxidation rate of  natural bitumens and 

asphaltenes using a lkaline potassium permanganate,

Lewis and Wblborn^^^'^^'^^^ developed a thin film  

oxidation t e s t  for bitumens. In th is  te s t  a 3175 p thick
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film  of bitumen i s  oxidised for 5 hours at 3 2 5 The

changes in penetration, softening point and d u c t i l i ty  are then
CS‘7 )determined. Traxler employed th is  technique for oxidation

^ f  bituminous film s for 5, 10 and 15 hours and measured the 

changes in v is c o s i t y .  He used the factor (D) (the 

ra tio  of the orig inal v is c o s i ty  to v is c o s ity  a fter  oxidation)  

to give the degree of hardness.

G riff in  et (35,51) developed a -Shell th in -film

te s t  in which thin film s of bitumen o f  f iv e  microns thickness

were oxidised for two hours at 2 2 5 They used the ra tio  of

the f in a l  v is c o s i ty  to the or ig ina l v is c o s i ty  as an aging index

to express the durab ility  of the m ateria l. They a lso  used the

ra tio  of the a ir  aging index to the nitrogen aging index as a

measure of the hardening due to oxidation. The durab ility  of

bitumen measured by i t s  hardening in the dark was investigated

by van O o r t \  He concluded that experimental conditions

stimulate normal practice i f  bitumen film s f iv e  microns thick are

exam ined . He used  a m ic ro v isc o m e te r  to  m easure changes in

v isc o s ity  a fter  oxidation,
(32 )Martin* studied thermal oxidation of bitumens in 

thin film s of 40 microns under 300 psi pressure at 6 5 using 

a s ta in le s s  s t e e l  v e s s e l .  He studied the rate of increase in 

v is c o s ity  as a su itab le  means of expressing increase of  

hardness , c r i t i c a l  v i s c o s i ty  at rupture and oxidation
/ OQ \

re s is ta n ce . Hughes employed a thin f ilm  oven oxidation  

t e s t  and a ir  blowing of bitumens to study the rate of oxygen
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and the e f f e c t s  of temperature and time on the rate of reaction . 

He suggested that conversion of resins to asphaltenes and 

asphaltenes to insoluble polymeric materials took p lace.

H u e t ^  in h is  oxidation experiments in absence 

of l ig h t  concluded that aging of bitumen i s  caused by the 

d iffu sion  of oxygen in the m a ter ia l, accompanied by oxidation  

and polymerisation reaction s , bitumens containing a high 

percentage of sulphur appear to be more r e s is ta n t  to oxidation  

than those with a low sulphur content.

3,1 - Chemistry of hydrocarbon oxidation

Bitumens are largely  composed of hydrocarbons including  

three main groups, namely, a l ip h a t ic s ,  naphthenics and aromatics. 

O lefins are generally absent. The o x id isa b ii i ty  of bitumen is  

c lo se ly  related  to the composition of the m olecules, the presence 

of d ifferen t  types of  hydrocarbon in a mixture and the influence  

of the o x id is a b i i i ty  of each of the components, therefore , a 

study of the l i te r a tu r e  on the oxidation of pure hydrocarbons 

and various hydrocarbon mixtures i s  pertinent to th is  work, 

Lundberg^^^^ in h is  study of the oxidation of pure 

hydrocarbons concluded that compounds having o le f in ic  double 

bonds are generally oxidised at a su bstan tia lly  higher rate than 

the saturates or highly aromatic hydrocarbons. Benzene 

derivatives  with long side chains or a number of alkyl 

substituants come n e x t , followed by naphthenes, paraffins  

and benzene structure with short side chains with condensed 

benzene ring structures being most s ta b le ,  Jezl^^^^ studying
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mineral o i l  and i t s  fraction s  concluded that mononuclear

aromatics were the most readily  oxidised and saturates were nearly

as readily attacked. Dinuclear aromatics were more stable and trinuclear

aromatics were most stab le  of a l l .  He a lso  showed th a t, for

m ixtures, blends of saturates and trinuclear aromatics were

s ta b le ,  followed by a blend of sa tu rates , d i-  and trinuclear

aromatics.
(91 )Chernozhukov and ICrein studied oxidation of  

pure hydrocarbons and various hydrocarbon mixtures at 150^0 

and 15 kg/sq.cm oxygen pressure. They showed that aromatics 

with side chains are more ea s i ly  oxidised than aromatics without 

side chains . Aromatics with short side chains gave resins and 

asphaltenes as the main oxidation oroducts while with increasing  

chain length the formation of resin s and asphaltenes decreased 

and products of more acid ic  character were formed. The o x id isa b ii i ty  

of naphthenes increased with increase in molecular weight and 

with increasing side chains. Oxidation of paraffin-naphthene 

mixtures was in h ib ited  by the presence of small amounts of  

aromatics without sidechains. This e f fe c t  became more pronounced 

with an increased number of aromatic rings in the molecule but 

weakenaiin the presence of side chains to the aromatic r ings.

Aromatic rings with long chains may even promote the o x id isa b ii i ty  

of naphthenes.

Von Fuchs and D i a m o n d s h o w e d  that maximum 

resistance to oxidation i s  obtained with hydrocarbon mixtures having 

an optimum arom aticity. They concluded that aromatics can
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possib ly  act in a twofold capacity , i . e .  both as in h ib itors  

and retardants, Larsen et al^^^^concluded that the 

rate at which o i l  absorbed oxygen cannot be explained simply 

on the b asis  of aromaticity and that the presence of natural 

in h ib itors  produced on oxidation i s  an important fa c to r .

Berry et al^^^^ showed the importance of composition on 

the rate o f  oxygen attack,

Lundberg^^^^ indicated that when methylnaphthalene 

was blended with white o i l ,  the antioxidant e f f e c t  was not 

as potent as with aromatic fraction s extracted from lubricating  

o i l s .  This might be due to  the absence of sulphur compounds
(95 )

in the synthetic  blend, Leonard! et al. confirmed the 

above resu lts  and showed that aromatic hydroperoxides 

decomposed phenolic in h ib itors  by the action of acids derived 

from the oxidation o f  natural sulphur compounds.

The follow ing diagram summarises the possib le  

oxidation products o f  hydrocarbons
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3,2 -  Purpose of thermal oxidation work

Thermal oxidation of bitumens was studied because 

most o f  the bitumen in road surfacings i s  in a dark environ­

ment and protected from l ig h t  by aggregate p a r t ic le s  , The 

surface layer only i s  exposed to sunlight and may undergo 

photo-oxidation wheÆs lower le v e ls  can only be oxidised  

thermally. Another object was to compare the r e a c t iv i ty  of 

bitumen components from d iffe r e n t  bitumens in order to assess  

the s ig n if ica n ce  of fra c t io n a l composition in the behaviour
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of bitumens under dark oxidation conditions, A major

point in th is  study was the inclusion  of Trinidad Lake Asphalt

which appears to behave very d if fe r e n t ly  from petroleum

bitumens under road conditions.

3.3 -  Development of an oxidation method

Different methods for measuring the rate of oxidation

of bitumens and bitumen fractions can be employed depending on

the physical properties of the m aterial, the amount of

substance availab le  and the information required. Oxidation

of bitumens with potassium permanganate so lu tion  was

employed by several w o r k e r s T h e  drawback in th is

method i s  probably lack of correlation with practica l

conditions. Changes in the physical p r o p e r t i e s o f

thin film s of bitumen on oxidation have a lso  been measured,

oxidation normally being assessed by the degree o f  hardening

with subsequent correlation  to d u rab ility . This method

could not be e a s i ly  employed due to the large varia tion  in

v is c o s i ty  of the fraction s  and the d i f f ic u l t y  of preparing

film s of defined thickness. Similar problems are met in
( 37 )considering the pressure oxidation te s t  . With a l l  

these d i f f i c u l t i e s  in mind i t  was decided to develop a 

micro- or semi-micro technique. Oxidation temperatures 

were chosen to be in keepmt with temperatures in actual

road service and oxidation was carried out at 30,45 and 

60fC. Oxygen uptake was measured by a d irect manometric 

method and was considered to be most su itab le  in th is  case,

—  49 —



A sim ilar method was employed by to study oxidation

s t a b i l i t y  of o i l  components.

Some probable d i f f i c u l t i e s  which had f i r s t  to  

be overcome were;-

(1 ) Skin formation a ffec tin g  the subsequent 

rate of oxidation,

(2) The rate of d iffu s io n  dominating the rate  

of reaction ,

(3) Variation in r e a c t iv ity  due to v is c o s i ty

d ifferences ( i . e ,  so lid  and liq u id  fr a c t io n s ) .  

These problems were eliminated to a large extent 

by d isso lv in g  the component in a small amount of xylene which 

i s  in ert  to oxidation and by vibrating a f la sk  containing  

b a l lo t in i  (20 mesh), which would bounce up and down constantly  

breaking the surface of  the so lu t io n ,

3,4 - Development of apparatus 

Apparatus requirements

(1 ) Water bath; A water bath f i t t e d  with immersion

heater, thermostat, thermoregulator 

and s t ir r e r  was required,

(2) Vibrator; I t  was necessary to make a device

for vibrating the f la sk s  in the 

water bath,

(3) Flasks* Flasks had to be of small volume,

since the pressure d ifferen ces were 

expected to be small,
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(4) Absorbents* Absorbents for absorbing carbon

dioxide and water vapour. This 

was e s se n t ia l  i f  true oxidation  

rates were to be determined in 

view o f  the method used,

(5) Manometer* A manometer s u f f ic ie n t ly  accurate

to reg is ter  very small d ifferences  

in pressure,

(6) Water bath* A therm ostatically  controlled

water bath to give a constant 

temperature of 25 as a datum 

temperature for a l l  the pressure 

measurements.

3 .4 .1  -  %ter bath

A bath was constructed from a g lass  tank (12 inches 

diameter and IS inches high) covered with 1^ inches thick  

g lass  wool as an in su la ting  m aterial. Other accessories  

f i t t e d  to th is  water bath for complete control were a 

Sunvic thermostat, heating element, heating lamp, s t ir r e r  

with speed c o n tr o lle r ,  thermometer and a Regavolt rheostat,

3 .4 .2  -  Vibrator

Shaking was e s se n t ia l  to ensure that a l l  the sample 

was exposed to the oxygen and to eliminate the e f f e c t  of 

d iffu sion  on the reaction r a te .  This problem was solved by 

modifying a Proctor air pump.
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Figure 5 shows the inverted pump with the necessary 

m odifications to vibrate b a l lo t in i  in the f la s k s .  The bolt  

in the centre of the diaphragm was extended and onto th is  was 

attached the cradle which could hold four f la s k s .  Adjustments 

were made during t r ia l  runs to obtain maximum vibration when 

the f la sk s  were immersed in the water. This »ethod seemed 

to give an adequate v e r t ic a l  vibrating amplitude to keep the 

surface of  the solvent in the f la sk s  disturbed by the bouncing 

b a l l o t i n i .

3 .4 .3  -  Design of the cradle

A platform had to be constructed to hold f lask s  

in the water bath during the oxidation. For th is  purpose, 

the cradle shown in Fig, 5 was constructed,

3 .4 .4  -  Reaction fla sk s

The f la sk s  used were 50 ml conical f la sk s  with 

ground ^lass necks, f i t t e d  with Quickfit stopcocks, with  

the stopcocks held on firmly by springs. A ll the f la sk s  were 

calibrated by determining accurately their volume at 2 5 °C.

3 .4 .5  -  Solvents

The solvents considered as bitumen carriers' were 

xylene and pyridine. The b o ilin g  point of xylene i s  about 

140*C and that of pyridine about 115°C. Using pyridine 

a lon e , experiments showed some absorption of oxygen during 

an oxidation run. Xylene was found to be a su itab le  so lven t,  

since i t  did not absorb an appreciable amount of oxygen.
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3 .4 .6  -  Absorbent

S i l i c a  gel and soda asbestos were f i r s t  tr ie d .

They were bound in a nylon net and were hung from the hook 

of a small g la ss  rod inside  the reaction f la s k s .  This did 

not work well so potassium hydroxide beads were fused onto 

a platinum wire and placed in the reaction f la s k .  This also  

was not very sa t is fa c to r y ,  possib ly  due to the formation of 

excessive amounts o f  carbon dioxide and water vapour which 

could not be completely absorbed by the small surface area 

of potassium hydroxide beads. To give a larger area, 

folded f i l t e r  paper saturated in 4 0% potassium hydroxide 

so lution  was dried in a vacuum oven and suspended on a 

platinum wire being placed in the f la sk s  as shown in  F ig .5, 

Experiments carried out using these potassium hydroxide 

papers were very sa t is fa c to ry  and th is  method was adopted.,

3 .4 .7  -  Manometer

I t  was most important to find a su itab le  manometer 

to measure accurately the sm allest change of oxygen pressure, 

A simple U-tube manometer, f i l l e d  with liquid  paraffin  was 

tr ied  but th is  was found not to be s u f f ic ie n t ly  s e n s i t iv e .

To improve the accuracy of the readings a Warburg Manometer 

f i l l e d  with Brodie's so lu tion  was used but th is  so lu tion  was 

found to be o f  too low a density» however, mercury in th is  

Warburg manometer was found to be very s a t is fa c to r y .

F ig. 6 shows the construction of the manometer 

which was a constant pressure type. I t  consisted  of a g lass  

rod about 30 cms long with two narrow bores running the
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length of the g la ss  rod. These c a p i l la r ie s  were accurately  

graduated in mm. Onto one end o f  th is  g lass  cylinder was 

f  i t te d  a rubber tube reservoir and a screw clamp arrangement 

by which the le v e l  o f  the mercury in the tube could be 

adjusted so that the measured volume was always con stant.

One cap illary  was open to the atmosphere while the other 

carried a tube to which the oxidation f la sk  could be attached 

by means of rubber tubing. Pressure in  the f la sk  and side  

arm could be brought to  atmospheric by turning the ground 

glass  stopper,
(gg )

3,5 -  Theory o f  the Warburg Manometer

The amount of oxygen f in a l ly  absorbed in the f la sk s  

was calcu lated  from the follow ing equation.-

X - h

T hk

where x -  amount of gas absorbed in ml at N.T.P.

h observed change in the manometer (on the open

side arm) ml, 

k f la sk  constant

Vg  ̂ volume o f  gas phase in the f la sk  including

connecting tubes down to the zero point,

Vf - volume o f  lu id  in vesse l

Pq 760 mm mercury (standard pressure ) expressed in

terms of manometric f lu id

p 760 X 13.60
o ■ Sp.gr. of manometric f lu id

T = temperature of bath in degrees centrigrade absolute

^  „ s o lu b i l i t y  in l iq u id  of the gas involved,
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('99 )3.6 “ The thermobarometer

In the determination of the f la sk  constant k̂  

the value of P was assumed to remain constant from the 

beginning to the end of the given period. The atmospheric 

pressure and to a certain  extent the temperature o f  the 

bath were l ik e ly  to change  ̂ however, these changes were 

corrected by means of a thermobarometer. The thermobarometer 

consisted  merely of a Warburg Manometer using mercury and 

with a f la sk  containing water attached. The volume of 

the water was not c r i t i c a l .

I f  the le v e l  o f  liq u id  in  the open arm of the 

thermobarometer rose th is  suggested either a decrease in  

atmospheric pressure or an increase in the bath temperature. 

For reaction  f la sk s  which re g is ter  a drop in pressure, the 

observed decrease was smaller than the actual decrease by 

the amount by which the thermobarometer f lu id  had risen  

and an additional correction was required and v ice  versa .

3.7 " Experimental technique and d e ta i ls

The thermal oxidation apparatus was designed as 

shown in Figure 7, Bitumens and the ir  fraction s  were 

weighed exactly  in  q u an tities  of 0 .5  g in to  the 50 ml 

conical f la s k s .  Each sample was d issolved  in 2 ml of  

xylene and 2 g of b a l lo t in i  were added in to  them, f^hatman 

f i l t e r  paper No.l (7 cm diameter) was impregnated with 40̂ o 

potassium hydroxide so lu tion  and dried at 60”C in the vacuum 

oven. Each f i l t e r  paper was folded ra d ia lly  and was hung 

on a hooked platinum wire and placed v e r t ic a l ly  in the
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reaction f la s k ,  This kept the f i l t e r  paper in  an umbrella» 

shape g iv ing a larger area for carbon dioxide and water 

vapour absorption,

3.7 .1  -  Method of f i l l i n g  the f la sk s

The reaction f la sk s  were flushed with oxygen 

for f iv e  minutes and the cocks put on and c lo sed . These 

f la sk s  were again swept twice with pure oxygen from a cylinder  

for two minutes at 2 psig to  ensure that the f la sk s  were 

completely f i l l e d  with pure oxygen. The stopcocks were 

held firm ly in p osit ion  by springs and the f la sk s  placed 

in a water bath maintained at 25 for 15 minutes before 

the stopcocks were vented to  a ir  to bring the pressure in  

the f la sk s  to atmospheric,

3 .7 .2  -  Method of measuring oxygen absorption

These four f la sk s  were then placed on the cradle

and were put in to  the water bath kept at the oxidation

temperature and the cradle rod bolted to the plunger rod 

of the vibrator by a locking nut. With the oxidation  

reaction under way oxygen uptake was measured every 

10 hours for a period of 60 hours,

Every 10 hours the reaction f la sk s  were taken from

the water bath for measuring oxygen uptake, The f la sk s

were f i t t e d  to the manometer, keeping the stopcock of  

the side arm in  a v e r t ic a l  p o s it io n . The mercury le v e ls  

in  both ca p il ld a r ie s  were adjusted to read 15 cms by 

means of the screw adjustment. The stopcock on the 

aide arm was c losed  and the stopc/yik o f  the reaction  f la sk
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opened g iv in g  a d if fe re n c e  in  mercury le v e ls#  The mercury le v e l  in  

th e  c lo sed  limb was re -a d ju s te d  to  15 cms and th e  read ing  o f th e  

mercury in  th e  open lim b m a  tak en , From th e se  read in g s th e  p re ssu re  

drop VJBB oh ta ljied ,

Another iferburg Manometer was used as a therm o-harom eter 

as d escrib ed  in  S ec tio n  3*6#

A fte r  each 10 hourly  measurement th e  f la s k s  ware r e f i l l e d  

m th  pure oxygen and the  o x id a tio n  continued. Oxygen uptalce was 

c a lc u la te d  from manometer read in g s as d escrib ed  below ,

3»7*3 “  D ete ri:faa tio n  o f f la s k  cions tant; a

I?or c a lc u la t in g  flas lc  co n s tan ts  th e  fo llo w in g  form ula

was used ,

^  + V f o CT
ICO,2 P ,

VJhere JCOg f la s k  co n stan t fo r  oxygen, (The o th e r  f a c to rs  

a re  as in  3 ,3 )#  The s o lu b i l i ty  of oxygen in  the  so lv en t was talcen 

as zero and so th e  equ a tio n  s im p lif ie d  to :

TICOq “  "
o

where Vg « volume of gas space in  th e  flag]^ and in  th e  s id e  arm
o f th e  manometer,

A ty p ic a l  c a lc u la t io n  i s  as fo llo w s:
Vg "  volume cf f la s k  + volume of s id e  arm -  volume o f co n ten ts

of f la s k

o 72Vml + if til -  3*1 nl

"  71*6 ml
T - 273 + 23 = 298
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= 76 oms.

Now KO2 o f th e  f i r s t  fLaslc can be o a lo u la ted  as fo l lo w s ;-

71.6 X  I P

KOg = — ^  = 0 .8 6

The Og used up in  the  o x id a tio n  re a c tio n  can be c a lc u la te d  

by m u ltip ly in g  t h i s  f l a  sic co n stan t (KO2 = 0 ,86) w ith  the  d if fe re n c e  

in  p re ssu re  (h) in  cm observed in  th e  manometric read in g  a f t e r  

th e  therm obarom eter c o r re c t io n ,

3 ,8  -  E xperim ental r e s u l t s  and d iscu ss io n

Pour experim ents were c a r r ie d  out f i r s t  to  study  the  

e f f e c t  o f  v a r ia t io n s  in  th e  amount of xylene on th e  r a te  o f 

o x id a tio n  a t  60°C of fo u r  d i f f e r e n t  b itum ens. The observed 

r e s u l t s  a re  given in  Table 7* I t  can be seen th a t  changes in  

th e  bitum en co n c en tra tio n  has l i t t l e  e f f e c t  on th e  theim al 

o x id a tio n  r a te  o f d i f f e r e n t  b itum ens. These r e s u l t s  a lso  show 

good r e p e a ta b i l i t i e s  in  oxygen uptake and so i t  was decided 

th a t  t h i s  method could  be used s a t i s f a c to r i l y  f o r  deteim ining  

r a te s  o f oxidation*

Pour bitum ens (Table l )  and t h e i r  f r a c t io n s  were 

o x id ised  a t  60^, 45^ and 30°G as described  i n  th e  experim ental 

p rocedure . This r e s u l te d  in  60 in d iv id u a l o x id a tio n s  each 60 hours 

d u ra tio n . Oxygen uptake a t  each s tag e  was c a lc u la te d  as describ ed  

and com parative r e a c t iv i t i e s  o f th e  f r a c t io n s  ob ta in ed  p lo t t in g  

oxygen uptake (oo/g  sample) ag a in s t tim e. S im ila r ly  shaped 

r e a c t io n  curves were ob ta ined  throughout and th e se  a re  shown in  

P ig u res  8 to  22,

P ig u res  8 , 9 and 10 show th e  curves ob ta ined  f o r
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T A B L R  I

THE EPFEC? OP PRESSiTCE OP XYLETE SOLTO'IT IH VARYBTG
o w — —   >iii.'ii;j<i.i»n» .»tMiwyjw » ii i i iw iwwiweHisewHmae^Ksr’

RATIOS Gi'T THE RATE OP OXIDATION OP DIFFEREI'IT BIT WENS 

AT 60 °C

M a te r ia l Wt o f  M a te r ia l  
in  mg

R a tio  o f  M a te r ia l  
t o  s o lv e n t

R a te  o f
O x id a tio n
G c /g /b x

. S i t  m e n  1 ^ " " 1 : 1 ■■ 1 . 2 ............

B itum en 2 f t I t 1 .5

i B itu m ai 5 I t I I 1 .6

Bitum en 4 I t I I 1 .2

Bitum en 1 500 1 : 2 1 .3

: B itum en 2 t ( i r 1*3

Bitum en 5 i f t I t 1 .7

B itum ai 4 I f I t 1 .2

' B itu m ai 1 500 1 : 5 1 .4

Bitum en 2 t l t r 1 .4

Bitum en 3 t t I t 1 .6

B itum ai 4 1
i ;

I I I I 1 .3

B itum ai 1 500 1 ; 4 1 .4

B itum ai 2 11 I t 1 .5

B itum en 3 t l t l 1 .7

Bitum en 4 ; 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ '

I t I t

L__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _  „

1 .2
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th e  fo u r  o r ig in a l  'bittunens a t  60^G, 45^0 and 30^0 rsap eo tiv e ly #

TheBO ourves a re  a u to -re ta rd e n t in  o h a rao te r , i#e# th e  r a te  of 

ab so rp tio n  decreases \vith tim e. At the  th re e  o x id a tio n  

tem peratu res Bitumen 3 (T#L#A. ) shows a h ig h e r r a te  of oxygen 

uptake than  th e  petroleum  bitum ens, F igure 11 shows the  curve 

ob ta ined  f o r  Bitumen 1 and i t s  f ra c t io n s  on o x id a tio n  a t  60^C,

The curves are  g e n e ra lly  o f th e  same shape bu t show v a r ia t io n  in  

oxygen up take . The o rder of r e a c t iv i ty  i s  a sp h a lte n e , re  s in s  y dark  o i l  

and w hite o i l  i n  descending o rd e r. This in d ic a te s  th a t  the  most 

re a c tiv e  f r a c t io n  i s  aaphaltenes and the  l e a s t  re a c t iv e  w h ite . 

o i l .  S im ila r ly , th e  ty p es o f o x ida tion  curves f o r  Bitumen 2 , 3 

and 4  and t h e i r  f r a c t io n s  a t  60^G are  rep resen ted  in  F igures 12,

13 and 14 re s p e c tiv e ly . These f ig u re s  suggest s im ila r  r e a c t iv i t i e s  

f o r  th e  vaxious f r a c t io n s  o f d i f f e re n t  b itum ens.

F igu res 15 -  18 show th e  types o f curves observed on 

o x id a tio n  o f th e  fo u r  bitum ens and t h e i r  f r a c t io n s  a t  45^8,

The type of curve i s ,  in  g e n e ra l, as befo re  b u t,  as expected, 

r e a c t i v i t i e s  have d im inished. S im ila r p a t te rn s  are  shown in

spondji^F ig u res 15 -  22 f o r  o x id a tio n  a t  30°G again  w ith  a oorre

low ering of oxygen ab so ip tio n .

Taking in to  account the  re a c tio n  r a te s  of each 

bitumen f r a c t io n  and th e  f r a c t io n a l  com position o f th e  bitum ens, 

th e o re t ic a l  oxygen uptaloe curves were p lo t te d  f o r  each bitumen 

on th e  b a s is ' 'th a t  bitumen could be rep resen ted  by th e  sum of 

t h e i r  component p a r t s .  These r a te s  are  shovm in  F igu res 11 -  

22 and are  seen to  be m th  th e  exception  of Bitumen 1 c lose
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to  th e  escperim eritally ohserved r a te s  f o r  th e  bitum ens* This 

suggests th a t ,  on b a lan ce , in d iv id u a l r e a c t iv i t i e s  of bitumen 

f r a c t io n s  a re  a f a i r  re p re se n ta tio n  of the way th e se  f r a c t io n s  

behave in  a complete bitum en. No exp lana tion  can be advanced 

fo r  th e  anomalous behaviour o f Bitumen 1 but i t  may be connected 

to th e  f a c t  th a t  i t  co n ta in s  ap p rec iab ly  more w hite o i l  than  the  

o th e rs  (E igure 3) and th e  low r e a c t iv i t i e s  o f t h i s  f r a c t io n  may 

have some dom inating e f f e c t  in  th e  sy n th e tic  blend*

3 ,8 .1  -  The e f f e c t  of tem perature on the  r a te  o f ox ida tion

As m entioned in  S ec tio n  3^ bitumen '*ud f ra c t io n s  vj'ere 

o x id ised  a t  60^C, and 30^G, Comparative r a te s  o f o x id a tio n

a re  ta b u la te d  in  Table 8 , This shows a r e la t io n s h ip  between 

oxygen uptaJce and tem p era tu re , th e  o x id a tio n  r a te  o f  60^C 

being roughly  about th re e  tim es th a t  a t  45*^0 which i s ,  in  tu»n , 

about th re e  tim es th a t  a t  30^G, Thus, every  15^G th e  therm al 

o x id a tio n  r a te  in c re a se s  approxim ately  by 3»

Bitumen 3 (T rin id ad  Lake A sphalt) shows a h igher^  

r a te  o f o x id a tio n  than  the  re f in e ry  b itu iaens. I t  co n ta in s  more 

th an  tw ice the  asp h alten e  con ten t of the  o th e r  bitum ens and i t  

has a lso  been shown th a t  th e  a ;^ h a lte n e  f r a c t io n  has th e  h ig h e s t 

rea jC tiv ity  of a l l  th e  f r a c t io n s .  This appears to  be a sim ple 

ex p lan a tio n  of why T rin id ad  Lake A i^h alt i s  so r e a c t iv e  and 

behaves so d i f f e r e n t ly .  To examine t h i s  p o in t f u r th e r , ,  se v e ra l 

sy n th e tic  bitum ens were p repared  and ox id ised  th e rm a lly  

a t  60^C, T his i s  d escribed  in  S ection  3«9#.
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OXIDATION HATBS OF VKBIOSS BIOOTMS BID TfflBIE FRACTIONS 
' ëd^C. aIs'^C 'and 30^0 ■

D e s c r ip t io n  
o f  sam ple

R ate  o f 
o x id a t io n  
a t  60° C (K^)

R ate  o f 
o x id a t io n  
a t  (Kg)

R a te  o f 
o x id a t io n  
a t  3 0 °C (%2

Bitum en 1 1 .2 4 0 ,4 2 0 .1 3

IVhite O il 0 .5 0 0 .2 0 0 .0 9

Dark O il 0 ,6 8 0 .2 7 0 .1 2

R e sin 1 .3 3 0 .3 5 0 .2 2

A sp h a lte n e 3 1 .6 0 0 .7 7 0 .2 7

Bitum en ( o a lo u la te d ) 0.91 0 .4 0 0 .1 4

Bitum en 2 1 .1 5 0 .3 7 0 .1 2

Y/hite O il 0 .7 0 0 .2 3 0 .0 7

Dark O il 0 .9 5 0 .3 0 0 .0 9

R esin 1 .2 2 0.41 0 .1 5

A sp h a lte n e s 1 .6 3 0 .6 0 0 .2 5

B itum en (o a lo u la te d ) 1 .0 7 0 .3 7 0 .1 2

Bitum en 3 1 .4 2 0 .3 0 0 .1 7

\Yhite O il 0 .5 7 0.21 0 .0 8

Dark O il 0 .8 0 0 .2 7 0.11

R esin 1 .4 7 0 .6 3 0 .2 0

A sp h a lten e  s 1.81 0 .8 0 0 .1 7

Bitum en ( o a lo u la te d ) 1 .3 6 0 .3 3 0 .1 9

Bitum en A 1 .0 7 0 .3 3 0 .0 8

Yfhite O il 0 .4 0
■

0 .1 7 0 .0 5

Dark O il 0 .8 0 0 .2 3 0 .0 5

R e sin 1.41 0 .5 0 0 .1 7

A sp h a lten e  s 1 .5 8 0 .3 8 0 .2 2

B itm ien  ( c a lc u la te d ) !  1 .0 0 0 .3 5 0 .0 9 ...J
a t  S .T .P .
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3 * 8 .2  -  A s tu d y  o f  th e  ohem iool ohanges on o x id a t io n  by  
i n f r a - r e d  sp e o tro ao o p y

hn  a tte m p t was made to  s tu d y  th e  changes c au se d  by  

th e rm a l o x id a t io n  o f b itu m e n s  and  t h e i r  f r a c t i o n s  u s in g  th e  

i n f r a - r e d  s p e c tro s c o p ic  te c h n iq u e .  These a re  g iv e n  i n  d e t a i l  i n  

ap p en d ix  and d is c u s s e d  f u l l y  l a t e r ,

3 ,8 .3  -  D é te rm in a tio n  o f  o v e r a l l  a c t i v a t i o n  e n t& e s  o f  b itum ens 

The oxygen a b s o rp t io n  o f  f o u r  b itu m en s a t  30^0 , 45*^0 

and 60^G w ere m easured  and th e  r a t e  o f  oxygen a b s o r p t io n ,  d e s ig n a te d  

a s  K, was c a lc u la t e d ;  K i s  e x p re s se d  i n  oo o f  Og/g o f b itu m e n / 

h r .  The v a lu e s  o f  lo g  K and «  a re  shown i n  T ab le  9 and p l o t t e d  

i n  F ig u re  23,

The v e lo c i t y  c o n s ta n t  (ic) i s  g iv e n  by  th e  A rrh e n iu s

e q u a tio n  a s :  ”• ®/RT
K = Ae

% o r e  A i s  th e  f re q u e n c y  f a c t o r

E i s  th e  e n erg y  o f a c t i v a t i o n  

R i s  th e  g a s  c o n s ta n t  

T i s  th e  a b s o lu te  te m p e ra tu re .

The lo g a r i th m ic  form  of above e q u a tio n  i s :

lo g  K = lo g  A - 2V303 KT

and t h i s  e q u a t io n  shows a  l i n e a r  r e l a t i o n s h i p  betv /een  lo g  K and 
1 E
g  th e  s lo p e  b e in g  -  /2 .3 0 3  R and th e  i n t e r c e p t  on th e  lo g  K 

a x is  i s  lo g  A, The a c t i v a t i o n  en e rg y  from  t h i s  r e l a t i o n s h i p  

can be  c a l c u l a t e d  a s  f o l lo v / s : -
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e ,g .  Bitumen 1 :
0 .7

0) _  _

0. 217' X f(5“'

® = '̂ o f # 7 i n § 4 '

= 14850 oals/m ole

-  14*85 K oals/m ole

th e  o v e ra l l  a c t iv a t io n  en e rg ies  of o th e r bitum ens and f ra c tio n s

are  c a lc u la te d  s im ila r ly  and rep re sen ted  in  Table 10,

KolBanovskaya, a t  most ra o e n t]y  s tu d ie d  the

re la t io n s h ip  between th e  aging and th e  s tru c tu re  type  ̂ oitumens 

o f vary ing  a c t iv a t io n  e n e rg ie s . According to  them th e  coagu la tion  

s t ru c tu re  type bitumen (except th e  bitum en from therm al crack ing) 

w ith  h igh  a c t iv a t io n  energy (15*20 K co l/m ole) on h ea tin g  a t 

40-120^0 showed no change in  asphaltene  c o n te n ts , w hile the  

condensation  s tru c tu re  type  bitum en w ith  low a c t iv a t io n  energy 

(2 -  4  K oal/m ole) showed asphaltene  form ation  a t  40^C, which 

in c re a se d  w ith  tem perature* The mixed s tru c tu re  bitum en w ith  

a c t iv a t io n  energy (8 -  12 K oal/m ole) showed asp h a lten e  form ation  

a t  120°C, Bitumens w ith  co ag u la tio n  s tru c tu re  were more s ta b le  

a t  low tem p era tu res , w h ils t those w ith  condensation  s tru c tu re  were 

more s ta b le  a t  h igh  tem peratu res (160^C), They suggested  th a t  

condensation  type bitum ens w ith mixed s tru c tu re  would be most 

s u i ta b le  f o r  road a s p h a lts .

Thus, i t  could be seen th a t  a c t iv a t io n  energy o f 

bitum en could  be used in  a sse ss in g  as a road b in d e r . On 

th i s  b a s is  Bitumen 5 (T,L,A*) f o i l s  on th e  l in e  of mixed 

s t ru c tu re  type bitum en, th e  most s u i ta b le  os a road  b in d e r ,
— 64 **



o th e r  low grade hitum ena oould a lso  be m odified to  d ea ire d  

by e i th e r  b lending  w ith  s u ita b le  bitum ens o r t h e i r  f r a c t io n s ,

a?ABIg ^

1
Bitumen
number

oc O o/g/hr !
K I

. I
lo g  K !

...

T °K

1

^ °K X 10~̂

Energy o f 
a c t iv a t io n  
k  oal/m ole

!
0.133 I1

-0.8762 303 3.300

1 0 . 4.17 !i
-0.3796 318 3.144- 14,85

1.240 0.0930 333 3.000

0.166 - 0,9356 303 3.300

2 0.370 -O.43I8 318 3.144- 14.99

1.150 0.0607 333 3.000

0.170 - 0.7696 303 3.300

3 0.500 - 0.3010 318 3.144 13.97

1.420 0.1523 333 3.000

0.083 -1.0810 303 3.300

4 0,350 - 0.4560 318 3.144 17.60

1.170 0,0682 333 3.000
1
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FIG. 2 3

TEMPERATURE DEPENDENCE OF CALCULATED RBACTIQjl COIfSTAIIT FOR 

BÏTÜÎ-ÎENB 1 ,2 ,3  and h.

* 0 o 2

O Bitumen I

X Bitumen 2

A Bitumen 3 

D Bitumen 4I . O

X2.9 3 . 23 o 3 . 3

I  - 3  .
— X 10 K 
T



TiBIÆ 10

OVmALL ACTIVATION MERG-IES 0? BITOIMS AND THEIR 
“ ' FBiicTIONS ''' ' '  " " '

D e so ïd p tio n  o f  
sanqple

E nergy o f  a o t i v a t  
k  o a l/m o le

B itum en i 1 4 ,83

W hite O il 13 .63

Baric O il 13 .13

Re Bin 12,79

A sp h a lten e a 12 .28

Bitum en 2 14 .99

W hite O il 1 6 .0 4

Baric O il 15 .33

R e s in 13,64

A sp h a lten e a 1 2 .2 8

B itum en 3 13.97

W hite O il 14.16

Dark O il 14.16

R e sin 1 2 ,28

A sp h a lte n e a 11.51

Bitum en 4 17.60

W hite O il 18.71

Dark O il 16.74

R e sin 13.64

A sp h a lte n e s 13.15
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3*9 ITh© therm al o x id a tio n  o f ajvnthetio b i t i iaena

In  o rder to  examine f u r th e r  th e  re la tio n sh ip "  

oom position and p ro p e r t ie s ,  a s e r ie s  o f  sy n th e tic  bitum ens w a s  

p rep ared . Eaoh o f the  fo u r o r ig in a l  bitum ens -was sep ara ted  in to  

asp h a lten es  and mal to n es as d esc rib ed  under Chapter 2 , by 

f r a o t io n a l  p r e c ip i ta t io n  using  30-40°C petroleum  s p i r i t*  The 

a sp h a lten es  were d isso lv ed  in  m ethylene ch lo rid e  and added to  

th e  malten© f r a c t io n .  This was s t i r r e d  to  g ive a homogenous 

s o lu tio n  and th e  so lv en t removed under vacuum# In  t h i s  ivay 

se v e ra l sy n th e tic  bitum ens were p rep ared , eaoh co n ta in in g  

d i f f e r e n t  amounts o f asp h a lten es  shown in  Table i i .

These bitum ens were ox id ised  a t  60°C as b efo re  and 

th e  o%ygen uptake p lo t te d  a g a in s t th e  tim e of o x id a tio n  ,

F ig u res  23 26 show the r e s u l t  ob ta ined  by th e  fo u r  d i f f e r e n t

groups of sy n th e tic  bitum ens. The oomposition o f th o se  

bitum ens and t h e i r  re sp e c tiv e  r a te  of o x id a tio n  a re  given 

in  Table 11,

3 .9 ,1  m D iscussion

From th e  F ig u res  2 4 - 2 7  and Table 11 i t  i s  c le a r  t h a t  

the rates: o f o x id a tio n  o f th e  sy n th e tic  bitum ens in c rease*  

w ith  in c re a s in g  a sp h a lten e  c o n ten t. The only asp h alto n e  con ten t 

common to  a l l  fo u r  bitum ens i s  15?̂  ( in  view of th e  h ig h e r 

a sp h a lten e  oon ten t o f T ,L ,A .) and a t  th i s  le v e l  th e  o x id a tio n  

r a te s  a re  s u rp r is in g ly  very  s im ila r .  One of th e  iiapo rtan t fa c to rs  

determ ing th e  re la t io n s h ip  between com position and p ro p e r tie s  of 

a bitum en i s  th e  d isso lv in g  power of th e  o i l  components which
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i s  r e l a t e d  d i r e c t l y  to  th e  c o n te n ts  o f o i l  a ro m a tic a  i n  th e  

r e s p e c t iv e  h i t im e n s .  B itum ens i n  th e  s y n th e t i c  s e r i e s  c o n ta in in g  

lo w er am ounts o f a s p h a l te n e  were more homogenous th a n  th e  h ig h  

a s p h a l te n e  o o n te n t b itum ens*  On ex am in a tio n  u n d e r  a  m icro scope  

f o r  ho m o g en e ity , low  a s p h a l te n e  o o n te n t b itu m en s showed good 

d is p e r s io n  o f  th e  a s p h a l te n e s  i ^ r e a s  m a te r i a l s  w ith  h ig h e r  

a s p h a l te n e s  showed lo w er d is p e rs io n *  T h is  lo w e r d i s p e r s io n  seems 

t o  have had  l i t t l e  e f f e c t  on th e  in c r e a s in g  oxygon u p ta k e  when 

m easured  a g a in s t  a s p h a l te n e  o o n te n t and \h e n  i t  i s  se en  i n  

F ig u re s  24 -  27 t h a t  th e  s y n th e t ic  b itu m en s to  th e  o r i g in a l  

o o m p o sitio n  f a l l  on th e  same o u rv e^as th e  o r i g in a l  b itum ens#

Due t o  th e  c o m p le x ity  o f  b itu m en  o x id a t io n  th e  r e s u l t s  can n o t 

e a s i l y  be e x p re s s e d  m a th em a tica lly #  The a b s o rp t io n  o f oaygen 

does n o t  depend  e n t i r e l y  on th e  w eig h t o f  t h e  sam ple b u t  a ls o  

on th e  a r e a  exposed  to  th e  oaygon; i n  t h i s  th e rm a l o x id a t io n  

work th e s e  f a c t o r s  have b een  k e p t c o n s ta n t  by  v i r t u e  o f  t h e  u se  

o f  s o lu t io n s *  I t  i s  e v id e n t  from  th e  above r e s u l t s  t h a t  

a sp h a lte n e * . o o n te n t i s  an im p o rta n t f a c t o r  i n  th e  o v e r a l l  

r e a c t i v i t y  o f  b itu m e n s . S tu d y  o f  T ab le  11 i n d i c a t e s  t h a t  

th e  com ponents o f  d i f f e r e n t  b itu m en s l i e  i n  th e  same o rd e r  

o f  r e a c t i v i t y  f o r  e ach  p a r t i c u l a r  b itu m en  and a re  n o t so v e ry  

d i f f e r e n t  from  s i m i l a r  f r a c t i o n s  from  th e  o th e r  b itum ens#  T h is  

s u g g e s ts  t h a t  b itu m en s may d i f f e r  i n  d a rk  o x id a t io n  r e a c t i v i t y  

more by  th e  am ounts o f  eaoh f r a c t i o n  th a n  by  any m a jo r  d i f f e r e n c e  

betw een  r e a c t i v i t y  o f  f r a c t io n s #
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TABLE 11

CaiPOSITIOîT & RATE OP ŒIDATION OP ORIGNAL & STiWBETIC BITÜMEKTS AT 60°C

D esi^^nation  o f 
B itu n o n s

W p h o lte iu o
io

M altenes O x ida tion  r a t e  a t  66^C 
3 ,0 . 02/ g / h r

BitrEEEL 1 A 20 80 1 .2 1
( o r i^ r in a l) 1
S y n th e t ic  B i t  s A 1 5 95 0 .9 5  i

" " A 2 10 90 1 ,05

n it 15 85 1 .1 3

" " A 4 20 80 1 .2 0

B itunon  2 B 20 80 1 .1 8
( o r ig in a l )

0 ,9 7S y n th e t ic  B itsB  1 5 95

" " B 2 10 90 1 .0 3

tr " B 3 15 85 1 .15

" " B 4 20 80 1 .1 8

Bitninen 5 G 57 43 ^ l . ÿ
( o r ig in a l )

1 .1 0  ’S y n th e t ic  B i t  s G 1 15 85

H '* C 2 30 70 1 .2 3  :

ir '' C 3 45 55 1 .3 0

«' ” C 4 57 45 1 ,4 0  1

B itnne ii 4 B 20 80 1 .1 1  ■ '
( o r ig in a l )

0 .8 7S y n th e t ic  B i t  si)' «1 5 95

" " D 2 10 90 0 .97

" " B 3 15 75 1 .0 3

" D 4 20 80 1 .1 0
L ... _______
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on i r r a d i a t i o n  o f  b itu m en s and b itu m en  f r a c t i o n s

4*6 -  A s tu d y  o f  th e  w a te r - s o lu b le  d e g ra d a t io n  p ro d u c ts  o f  

p h o to -o x ld ia e d , p e tro le u m  b itu m en s and  ÎP rin id ad  Laic© 

A sp h a lt

4#7 "  S e n s i t i s e d  p h o to -o x id a t io n s

4 ,8  -  The e f f e c t  o f  i r r a d i a t i o n  on slcLn fo rm a tio n



4 .  THE FHOTO-OED/ÆIOK OE BITOÎ EKS iJD  THKER PBACTIONS
   i p i i  ■  III ■  . i i a » w n B m r - p i - ^ n i » i » , i i , . n g i  , 7 *  # « n ^ - a n

I t  i s  w e ll  knovai th a t  p etro lo u ii bit-umens whan u sed  

in  dense road m a te r ia ls ,  tend to  produce su r fa c in g s  o f  

r e l a t i v e l y  low  sk id  r e s i s ta n c e .  M a ter ia ls  c o n ta in in g  

T rin id ad  Lake A sphalt on th e  o th er  hand, produce a rougher  

t e x tu r e ,  th is^ fo ften  a t t r ib u te d  to  the more rap id  hardening  

o f  th e  b in d er  f i lm  con cen tra ted  a t  th e  su r fa c e , w ith  sub^equmit eosposuro 

o f  f in e  aggregate  by t r a f f i c  a b rasion . The developm ent o f  p i t c h -  

bitumen as a s a t i s f a c t o r y  b in d er  f o r  r o l le d  a sp h a lt  confirm s  

to  some e x te n t  t lia t  a b in d er  more su s c e p t ib le  to  o x id a tio n  

w i l l  g iv e  improved sicid r e s i s ta n c e .

Bitumens on exposure to  su n lig h t  or a r t i f i c i a l  u l t r a ­

v i o l e t  l i g h t  undergo p h y s ic a l  and chem ical change* Bitumen* 

c o a tin g s  do n ot undergo a p p rec ia b le  d e te r io r a t io n  during lon g  

p er io d s in  th e  dark b u t rap id  su rface  changes occur on exposure  

to  l i g h t ,  Voitech^*^^^^ stu d ied  as e a r ly  as 1$06 , th e  a c t io n  o f  

l i g h t  on bitum ens in  p resen ce  o f hydrogen, n itr o g e n , carbon 

d io x id e , oxygsn and a ir .  In  tho  p resen ce o f oxygen co n sid era b le  

a b so rp tio n  o f  th e  gas ?;as n o ted  and th e  amount o f  a b so rp tio n  

depended on th e  in t e n s i t y  o f  l i g h t .  The o x id is e d  bitumen 

su rface  became in s o lu b le  in  o i l  o f  tu r p e n tin e . In th e  p resen ce

o f  n itr o g e n , hydrogen and carbon d io x id e  no ab sozp tion  -was

(101 )noted* Hubbard and Reeve^  ̂ showed tlie  in f lu e n c e  o f  exposure

on bitum ens oonfirm «d| th a t  hardening vÆts n ot o n ly  due to  

v o l a t i l i s a t i o n  but a ls o  due to  o x id a tio n , which proceeded  

s lo w ly  a t  low  tem peratures and in crea sed  a t  h ig h  tem p eratu res,
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Ros i n g e r s t u d i e d  th e  a o t i o n  o f  l i g h t  on t h i n  

f i lm s  o f  b itu m e n s  and found  t h a t  on 62̂ 0s u r e  t l ie  h itu m e ii s u r f a c e  

"became in s o lu b le  in  b e n z e n e ,' o h lo ro fo n :i and  o t l ie r  s o lv e n ts .

He a ls o  shov.’e d  th e  e f f e c t  o f  p h o t o s e n s i t i s e r s  on b itu m in o u s  

s u r f a c e s  i n  th e  p re se n c e  o f  l i g h t  and c o n c lu d ed  t h a t  th e
wr*vS  ̂ \

s e n s i t i v i t y  to  l i g h t  and h e a t  ̂ in c r e a s e d .  Reeve end h e rd s '' 

s tu d ie d  th e  e f f e c t  o f ex p o su re  on b itu m en s and  c o n c lu d ed  t h a t  

p o ly m e r is a t io n  o c c u rre d  i n  th e  p re se n c e  o f  a tm o sp h e ric  oxygen 

due to  th e  a c c e le r a t in g  e f f e c t  o f h e a t  and l i g h t  on in te r m o le c u la r  

r e a c t i o n s .  E r r e r a sho^^ed t h a t  th e  c o l l o i d a l  s t a t e  o f  bitrumen 

i s  m a in ly  r e s p o n s ib le  f o r  i t s  s e n s i t i v i t y  to  ligîvfc, S u iil ig h t 

seems to  have a  c o a g u la t in g  e f f e c t  w hich d e c re a s e s  th e  s o ltb  i l i t y  

o f b itu m en s i n  s o lv e n ts ,  Benson^^^^ exposed  t h i n  f i lm s  o f  

b itu m en  t o  i n f r a - r e d  and u l t r a - v i o l e t  l i g h t  in  th e  a tm o sp h eres 

o f  oxygen, a i r  and ca rb o n  d io x id e  r e s p e c t iv e ly .  He exoLiined 

m ic r o s c o p ic a l ly  th e  changes term ed  a s  f i lm  c o a g u la t io n  and 

ooncludwd t h a t  th e  p re s e n c e  o f  a i r  and oxygen a c c e le r a te d  c o a g u la t io n  

w hereas carb o n  d io x id e  r e t a r d e d  c o a g u la t io n .

The -^veathering o f  b itu ra in o u a  c o a t in g  o f  0 ,3  znm f i lm s  on 

s t e e l  p l a t e s  was s tu d ie d  by  P f e i f f e r m t h  th e  c o n c lu s io n  t h a t  

u l t r a - v i o l e t  and  a tm o sp h e ric  oxygen b r in g  ab o u t o x id a t io n  and 

p o ly m e r is a t io n  w hich le a d  to  th e  fo rm a tio n  o f  a  h a r d ,  slirin ld .i:g  

s k in #  on th e  exposed  s u r f a c e ;  q u ic k  te m p e ra tu re  changes th e n  

cause  sudden i n t e r n a l  te n s io n s  ^ ^ io h  p roduce  c r a c k s ,  T hursto r/"^^^^  

s tu d ie d  'blze e f f e c t  o f  a c c e le r a te d  \% a th e r in g  on th e  s y n th e t ic  

b itum ens p re p a re d  by com bining th e  r e s i n ,  a s p h a l te n e s  and o i l  

f r a c t i o n s  i n  v a r io u s  p r o p o r t io n s .  He concluded  t h a t  r e s i s t a n c e
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to  w eath erin g  in c re a se d  wl'bli r e s in  c o n te n t* , . H iglier p rop ortion s  

o f  a sp h a lten es  or o i l  l e d  to  reduced r e s is t a n c e ,  Corbett 

and Sv/arbx’iolc^'^^^ s tu d ie d  the r e la t io n  o f  a sp h a lt  com p osition  

to  w eathering and concluded th a t  th e  arom atic o i l s  ten d  to  

in c r e a se  ^Toathering r e s is ta n c e  and p a r a f f in s  + naphthenes have 

th e  o p p o s ite  e f f e c t ,

Thurston and ICnowles^^^^ s tu d ie d  th e  p h o to -o x id a tio n  o f  

Utuioens and t h e i r  f r a c t io n s  by exposing s a ip lo g  in  oxygen f i l l e d  

se a le d  pyrex c o n ta in e rs  under a sun lamp (liazda 8-1 ) a t about 

77^G* / i l l  c o n s t itu e n ts  absorbed oxygen, th e  r e s in  and naphthenio o i l  

f r a c t io n s  b e in g  a l i t t l e  i;iore r e a d ily  o x id is e d . P art of^used  

oxygen v/as e lim in a ted  as w ater and carbon d iox id u  and a l l  th e  

r e s id u e s  shov/ed a vzeight in c r e a se , Yfeetiian^^^^^ s tu d ie d  the  

u f f e c t  o f  v a r ia b le s  such as tem perature, l i g h t  in t e n s i t y ,  wave­

le n g th  o f  l i g h t ,  e t c , ,  on th e  bitum ens u s in g  an V itl6 #  lyaatherometer'*^ 

He found th a t  te::perature v/as o f  v i t a l  iaiportanoe and e lim in a tio n

o f  u l t r a - v i o l e t  by f i l t e r s  decreased  th e  w eath erin g ,

(111 )Lerozix^  ̂ su:x;iarising h is  f i f t e e n  y ea rs  work in  

F rance, showed th a t  th e  ag ing  p r o c ess  v/as due to  evap oration  

and o x id a t io n . He a ls o  show^ed th a t  bituLions v/ere v ery  s e n s i t iv e  

to  u l t r a - v io l e t  and v i s i b l e  r a d ia t io n  b u t  l e a s  s e n s i t iv e  to  

r a d ia t io n  o f  lo n g e r  v /avelength . Tars on th *  o th er  h&nd 

T?70re most a f f e c te d  by in fr a -r e d  r a d ia t io n  and l e s s  s e n s i t iv e  to  

shorker w v e la n g th s .

— 7^



mia o f i o K e ^  3.Ï1 WeiZ* W©auilf5?ing 

s tu d y  o f  b itu m en s oono luded  t h a t  t h o  T ^ i te  o i l  a iid  darlc  o i l  

p r o g r e s s iv e ly  d e c re a s e s  i t s  r e f r a c t i v e  in d ic e s  on lo n g e r  

e x p o s u re s , G -reenfeld^^^^ showed s i m i l a r  changes i n  th e  

r e f r a c t i v e  in d e x , C:H r a t i o  and th e  d eg ree  o f  u n s a tu r a t io n  

o f  d a rk  o i l  and w h ite  o i l  f r a c t i o n s  s e p a ra te d  from  b itu m en s 

a t  v a r io u s  s ta g e s  o f a g in g .

The a b s o rp t io n  o f  oxygen by  t h i n  f i lm s  o f  b itu m in o u s  

ro a d  b in d e r s  i n  th e  p re s e n c e  of r a d i a t i o n  from  a h ig h  p r e s s u r e  

m ercu ry  a rc  *was s tu d ie d  by  D ick in so n  e t  They found

t h a t  i r r a d i a t i o n  o f  th e  t h i n  f i lm  o f  b itum en  w ith  l i g h t  in  th e  

w av e len g th  ran g e  3000-5000 p ro d u ced  a  m arked a c c e l e r a t i o n  

o f  th e  r e a c t i o n  fo rm ing  a h a rd  a k in  on th e  s u r f a c e  o f  th e  

b in d e r .  The e f f e c t i v e  d e p th  o f  p e n e t r a t io n  o f  th e  l i g h t

r e a c t io n  was p ro b a b ly  o n ly  ab o u t iO p.

S p a r l i n ^ ^ ^  s tu d ie d  th e  e f f e c t  o f  u l t r a - v i o l e t  l i g h t  

on t l i i n  f i lm s  o f  b itu m en  i n  th e  absence  o f  a tm o sp h e ric  oxygen 

and fo u n d  t h a t  v i s c o s i t y  o f  th e  b itum en  f i lm  in c r e a s e d  

s u g g e s tin g  t h a t  u l t r a - v i o l e t  en e rg y  i s  c a p a b le  o f  h a rd e n in g  

b itum en  even  w ith o u t o x id a t io n ,  G a lla m y ^ ^ ^ ^  a l s o  showed t h a t  

b itum en  f i lm s  exposed  to  a r t i f i c i a l  l i g h t  i n  th e  ab sen ce  o f  

oxygen had  a  h ig h e r  v i s c o s i t y  th a n  unexposed  sa m p le s ,

( 2 9 'iMore r e c e n t l y ,  C am pbell, W right and  Bowmen^ /

i n e v e s t ig a t e d  th e  e f f e c t s  o f te m p e ra tu re  on th e  r a t e  o f

o x id a t io n  and  th e  tim e  r e q u i r e d  to  p roduce  f i lm  c ra c k in g  u n d e r
a

c o n t r o l le d  T m athering  c o n d it io n s  u s in g ^ w e a th e ro m e te r . The 

o x id a t io n  r a t e s  were d e te rm in e d  b y  m easu ring  th e  changes p ro d u ced  

i n  th e  i n f r a - r e d  s p e c t r a  a t  5 ,8 8  p  (c a rb o n y l b a n d ) .  They
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oono luded  t h a t  th e  tim e  i^equ ired  t o  onus© fU m  f a i l u r e  due to  

o ra o k in g  v a r i e d  i n v e r s e ly  w ith  te m p e ra tu re  and th e  o x id a t io n  r a t e  

v a r i e d  d i r e c t l y  w ith  te m p e ra tu re ,  G -re e n fe ld  and  W right 

a l s o  s tu d ie d  th e  change i n  a b s o rp t io n  o f  th e  c a rb o n y l band  due 

to  o a rb o n -a ro  ex p o su re  o f  b itu m en s i n  an a c c e le r a te d  w e a th e rin g  

m ach ine .

P ro lo n g e d  n a tu r a l  Y jeathering  o f  t h r e e  b itu m en s was 

(113)sbudiad b y  S t e m r t  ^  idio showed t h a t  on su b se q u e n t ch rom âtograpM-o

s e p a r a t io n ,  th e  C/H r a t i o  o f  th e  v a r io u s  f r a c t i o n s  d e c re a se d

v l i i l s t  oxygen o o n te n t in c r e a s e d ,  H e ith au s^ ^^ ^  s tu d ie d  th e

r e l a t i o n s h i p  betw een  w e a th e r  r e s i s t a n c e  and th e  v i s c o s i t y  o f

th e  m a lt  ene p h a se  o f b itu m e n . He found  b itu m e n s  w ith  mal to n e s  o f

h i ^  v i s c o s i t y  were m ost w e a th e r  r e s i s t a n t  and su g g e s te d  t h a t

h a rd e n in g  o f  b itu m en  i s  l a r g e l y  d i f f u s io n  c o n t r o l l e d ,  k  h ig h

v i s c o s i t y  i n t e n a i o e l l a r  l i q u i d  p ro v id e s  g r e a t e r  h in d ra n c e  to

d i f f u s i o n ,  s lo w in g  down th e  h a rd e n in g  p ro c e s s ,

M a rtin ^ ^ ^ )  i n  h is  s tu d i e s  on d u r a b i l i t y  o f  r o o f in g

b itu m en s shoiTOd t h a t  b itu m en s on ex p o su re  to  a i r  and to

s o l a r  r a d i a t i o n  o x id is e  much more r a p id ly  th a n  i n  th e  d a rk

(a b o u t 200 t im e s ) .  The r e a c t io n  i s  c o n fin e d  t o  th e  s u r f a c e ,

w hich may c ra ck  and  expose new s u r f a c e .  He a lg o  showed th e

r e l a t i o n s h i p  o f  v i s c o s i t y  change w ith  o x id a t io n  r a t e s ,  sho%ving t h a t

s o f t e r  b itu m e n s  h a rd e n  more r a p i d l y  d u r in g  i n i t i a l  ex p o su re  b u t

t h a t  h a rd e n in g  r a t e s  goon become s im i la r  f o r  h a rd  and  s o f t  g ra d e s .

He a ls o  showed t h a t  w a te r  im m ersion  does n o t  in f lu e n c e  th e  h a rd e n in g

r a t e  o f  b itu m en  f i lm s  b u t v a r i a t i o n  i n  h u m id ity  d u r in g  o x id a t io n

( 29)may in flu en c e  the  r a te  o f r e a c t io n . This ag rees w ith  Campbell^ ^  

and o th e r  workers f in d in g s .
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T ajim a and showed th e  r e l a t i o n s h i p  on a

q u a l i t a t i v e  b a s i s  betw een th e  r e s u l t s  o f  f o u r  y e a r s  o u td o o r

e x p o su re  t e s t s  o f b itu m en  f i lm s  and th e  r e s u l t s  o f  a c c e le r a te d

(105)w e a th e rin g  t e s t s .  Skog^ ^  a ls o  showed c o - r e l a t io n s h ip  o f  th e  

a c tu a l  p e rfo rm an ce  o f b itu m en s on ro ad s  and r e s u l t s  o b ta in e d  by 

a  w e a th e romet e r ,

Lab o u t and van  O o rt^^^^) d ev e lo p ed  and u se d  a 

m ic ro v iso o m e te r  to  m easure  th e  h a rd e n in g  o f  b itu m en s cau sed  by 

ex p o su re  to  v fo a th erin g  c o n d i t io n s .  They showed t h a t  th e  m ech an ica l 

p r o p e r t i e s  changed due to  a tm o sp h e ric  exposu re  were r e s t r i c t e d  to  

a s u r f a c e  l a y e r  o f  a fovf m icrons th ic k *  They a ls o  shov/ed t h a t  i n  

th e  p re s e n c e  o f  d a y l ig h t  b itu m en s h a rd e n in g  o c c u rs  a t  room 

te m p e ra tu re  and  i n  ab sen ce  o f l ig iz t  a t  4 0 *̂ 0*

Change i n  c h a r a c t e r i s t i c s  ( p e n e t r a t io n  and d u c t i l i t y  

a t  77*^) o f  b itm a e n s  i n  pavem ents u n d e r n a t u r a l  v^eathoring  

c o n d i t io n s  f o r  a p e r io d  o f f i v e  to  t e n  y e a r s  was shown by 

S h a ttu o k ^ ^ ^ ^ ) ,

4 ,1  "  A c c e le ra te d  w e a th e rin g  a p p a ra tu s

The w eatherom etere  a v a i la b le  a t  p r e s e n t  a re  v e ry  

c o s t l y  and th e  r e p ro d u c t io n  of n a tu r a l  c o n d i t io n  i s  d o u b tf u l .

The developm ent o f an ex p o su re  c y c le  g iv in g  c o r r e l a t i o n  w ith  

a c tu a l  e x p o su re s  f o r  any p a r t i c u l a r  c l im a t ic  r e g io n  i s  v e iy  

d i f f i c u l t  and  in v o lv e d . I t  w as, t h e r e f o r e ,  p ro p o se d  t h a t  a sim p le  

a p p a ra tu s  w ould be  u sed  w ith  no r e a l  a tte m p t made t o  s im u la te  

n a tu r a l  w e a th e r  c y c le s .
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4*2 -  [Development o f  p h o to -o x id a t io n  a p p a ra tu s

T h is  a p p a ra tu s  c o n s is te d  o f  th e  fo l lo w in g  i te m s :

(1 ) C y l in d r ic a l  alum inium  h o ld e r*

( 2 ) Medium p re s s u re  m ercu ry  a rc  tube*

(3 ) L ig h t i n t e n s i t y  s t a b i l i s e r ,

(4 ) A ir  e x t r a c t o r  to  c o n t r o l  th e  te m p e ra tu re  o f th e

sy s tem ,

( 5 ) R e a c tio n  f l a s k s  and b e a lce rs ,

iilum inium  h o ld e r s

T h is  c o n s is te d  o f  an  alum inium  c y l in d e r  2 '^ le n g th  

and a p p ro x im a te ly  2* i n  d ia m e te r  \7i t h  two row s o f  d ia m e te r  

h o le s  ro und  th e  b a se  o f th e  c y lin d e r*  An alum inium  r e f l e c t o r  

p l a t e  ( 1 * d ia m e te r )  was p la c e d  h o r i z o n t a l l y  j u s t  i n s id e  th e  

c y l in d e r  to p  and  was h e ld  in  p o s i t io n  by  f o u r  th re a d e d  r o d s .

T h is  p ro v id e d  l i g h t  r e f l e c t i o n  on sam ples and a l s o  a c te d  a s  

a  h o ld e r .

Medium p r e s s u r e  merour^y a rc  tu b e  

The so u rc e  o f r a d i a t i o n  was a  TT-shaped medium p re s s u re  

m ercu ry  a rc  tu b e  (U,V, 8500 H anovia Lamp), su spended  from  th e

r e f l e c t o r *  T h is  tu b e  o p e ra te s  a t  on I n i t i a l  in p u t  o f  3#4 am ps/l35  

v o l t s ;  380 w a tts*  Tlzis g e n e ra te d  th e  c h a r a c t e r i s t i c  medium 

p r e s s u r e  m erc^ a r c ,  e x te n d in g  from  1849 ^A i n  th e  f a r  u l t r a - v i o l e t  

up t o  17193 ^A i n  th e  i n f r a - r e d .  The v i s i b l e  r a d i a t i o n  i s  m a in ly  

c o n c e n tr a te d  i n to  th e  l i n e s  4358 ^A ( V i o l e t ) ,  5416 ^A (O reen) 

and 5770 /90  ^A (Y ellow )* The w av e len g th s o f  p h o to -c h e m ic a l 

im p o rtan c e  l i e ,  hoY/ever, m a in ly  i n  th e  s h o r t  v i s i b l e  and u l t r a ­

v i o l e t  r e g io n s ,  i , e ,  from  ab o u t 2000 °A to  8000 ^  ivavelength*
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L ig h t i n t e n s i t y  s t a b i l i s e r

The i n t e n s i t y  s t a b i l i s e r  m a in ta in s  th e  o u tp u t o f  th e  

tu b e  a t  a  re a s o n a b ly  o o n a ta n t i n t e n s i t y  f o r  an  o p e ra t in g  l i f e  

o f  ab o u t iOOO h o u r s .  By a d ju s tm e n t a t  s p e o i f i e d  i n t e r v a l s  th e  

o u tp u t o f  th e  tu b e  i s  s te p p e d  up by in c ré m e n ts  j u s t  s u f f i  o ie n t  

to  o f f s e t  th e  in h e re n t  a g in g  l o s s .

A ir  e x t r a c t o r

The o y l in d e r  vjas p la c e d  b e n e a th  a  fume e x t r a c t i n g  

hood v fith  a h ig h  th ro u g h p u t f a n .  By th e  u s e  o f  b a f f l e  p l a t e s  s e t  

a g a in s t  th e  d o u b le  row  o f  h o le s  i n  th e  o y l in d e r  b a se  th e  a i r  flovf 

o v e r  th e  p l a t e s  co u ld  b e  c o n t r o l l e d  and a  r e a s o n a b ly  c o n s ta n t  sam ple 

te m p e ra tu re  m a in ta in e d . F o r  t h i s  p u rp o se  th e rm o m eters  were p la c e d  

in s id e  t h e  o y l in d e r .

R e a c tio n  f l a q k s  and b e a k e rs

The f l a s k s  u se d  i n  t h i s  vjork were s i m i l a r  t o  th o s e  u se d  

f o r  th e rm a l o x id a t io n  and d e s c r ib e d  i n  . Bealcers u se d

were 100 m is c a p a c i ty  w ith  2*' bo ttom  d ia m e te r .

The com plete  a p p a ra tu s  i s  shown i n  F ig u re  2 8 ,

4«3 -  Fbcperim ental p ro c e d u re

P h o to -o x id a t io n  o f  t h i n  f i lm s  o f  b itu m e n s  and 

b itum en  f r a c t i o n s  was d e s ig n e d  so t h a t  (1 ) th e  r a t e  o f  oxygen 

uptalce o f th e  f i lm s  c o u ld  be m easured  and (2 )  th e  amount o f  

w a te r  s o lu b le  d e g ra d a t io n  p ro d u c ts  c o u ld  be d e te rm in e d  and  th e  

s k in  p ro d u ced  on i r r a d i a t i o n  exam ined.
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4 .3«1  -  P r e p a r a t io n  o f  t h i n  f ili i ia

P iliiia  p r e p a r a t io n  was f i r s t  a tte m p te d  "by d e p o s i t in g  

t i tu m e n s  and 'b itum en f r a c t i o n s  from  a  m ethy lene  c h lo r id e  s o lu t io n  

b u t i t  was found  d i f f i c u l t  t o  e v a p o ra te  th e  s o lv e n t  c o m p le te ly  

from  v is c o u s  l iq u id s *  However, th e  m ethod tvas s a t i s f a c t o r y  f o r  

p r e p a r a t io n  o f  a s p h a l te n e  f ilm s*  I t  ?/as a ls o  fo u n d  d i f f i c u l t  t o  

u se  a b ru s h  f o r  malcing u n ifo rm  film s*  I t  was a ls o  found  

d i f f i c u l t  to  u se  a  Bajp malcing u n ifo n ii f i lm s#  F ilm s  were

th e n  p ro d u ce d  by  p u t t i n g  2 g o f  b itu iaen  d the l i q u i d  f r a c t i o n s  

i n  th e  f l a s k s  and p la c in g  theme on a  l e v e l l e d  ^ a s s  p l a t e  u n d er 

an  i n f r a - r o d  lamp f o r  h a l f  an  h o u r . The c o n te n ts  o f  th e  f l a s k  

s o f te n e d  and  s p re a d  on th e  bo ttom  fo rm in g  a u n ifo rm  film #

4#3#2 -  F i l l i n g  th e  f l a s k s

R e a c tio n  f l a s k s  were f i l l e d  w ith  03cygen a s  d e s c r ib e d  

u n d e r  3 ,7 * 1 . The te m p e ra tu re  o f  th e  f l a s k s  was m a in ta in e d  a t  

25-^0 by  p la c in g  them  i n  a  th e  m o  s t a t i c  a l l y  c o n t r o l l e d  w a te r  b a th  

f o r  30 m in u te s  and  th e  s to p c o c k s  were v e n te d  to  a i r  t o  b r in g  th e  

p r e s s u r e  i n  th e  f l a s k s  a t  a tm o sp h e r ic .

4 .3 # 3 , -  S e t t in g  th e  ex p erim en t

D uring  th e  o x id a t io n  ru n  th e  f l a s k s  w ere p la c e d  in s id e  

th e  a p p a ra tu s  e q u id i s t a n t  from  th e  u .v*  lamp n e a r  t h e  w a ll  of 

th e  drum a s  shown i n  F ig u re  28* S k in  fo rm a tio n  s t a r t e d  i n s id e  

t h e  f la s lc  a t  ab o u t 20 h o u r s .  The o x id a t io n  c y c le  f o r  m easu ring  

Og uptalce T/as i n i t i a l l y  20 h o u rs  a s  t h i s  ^vas c o n v e n ie n t .

4 * 3 .4  M easurepient o f  oxygen a b s o rp t io n
e x .

oxygen u p ta k e  by  th e  t h i n  f i l n s  m s  m easured  by  ̂ Warburg

— 78 "



m anom eter a s  d e s c r ib e d  u n d e r 3#7*2, Oxygen u p ta k e  b y  th e s e  

f i lm s  a f t e r  40 h o u rs  was a p p ro x im a te ly  doub le  t h a t  ab so rb ed  a t  

20 h o u rs ,  so f o r  co n v en ien c e , re a d in g s  were ta k e n  e v e ry  40 h o u rs  

d u rin g  su b seq u e n t w ork,

4 .4  "  R e su lt s  and d is c u s s io n

4 .4 .1  R e p e a ta b i l i ty  o f  th e  a b s o rp t io n  m easurem ents 

I n  o rd e r  t o  check  f o r  r e p e a t a b i l i t y  t h r e e  f i lm s  o f 

B itum en 1 were p re p a re d  and p h o to -o x id is e d  a s  d e s c r ib e d  u n d e r 

4 .3 .3 •  The f i r s t  r e a d in g s  a t  20 h o u rs  gave th e  a b s o rp t io n
p p

f i g u r e s  ra n g in g  from  0 ,00625  co/cm  / h r  to  0 ,0 0 6 3 0  co/cm  / h r .  The 

second  re a d in g  a t  40 h o u rs  gave r e s u l t s  fiom  0 ,00625  oo /om ^/h r 

t o  0 ,00640  oc/om / h r .  These r e s u l t s  i n d ic a te d  a  s a t i s f a c t o r y  

r e p e a t a b i l i t y ,

4 .4 .2  -  R a te s  o f  p h o to -o x id a t io n  o f o r i g i n a l  b itu m e n s , and 
t h e i r  f r a c t i o n s

B itum ens d e s c r ib e d  u n d e r T ab le  1 ,  and t h e i r  f r a c t io n s

w ere p h o to -o x id is e d  i n  th e  form  o f  t h i n  f i lm s .  The oxygen

a b so rb ed  e v e ry  40 h o u rs  was m easured  and r a t e s  o f  o x id a t io n  i n

te rm s o f  co O2 u p ta k e /c m ^ /h r  were c a lc u la te d #  O x id a tio n  was

c a r r i e d  ou t f o r  a  t o t a l  p e r io d  o f  200 h o u rs  u s in g  th ro u g h o u t,

a  40 hours*  o x id a t io n  c y c le .  The o c id a t io n  r a t e s  wore p l o t t e d

a g a in s t  th e  tim e  o f  o x id a t io n  and p roduced  th e  same g e n e ra l  r a t e  c u rv e ,

/ i l l  th e  c u rv e s  were o f  th e  a u to - r e ta r d a n t  ty p e  and i n  g e n e ra l

re sem b le  th o s e  o b ta in e d  i n  th e rm a l o x id a t io n .  F ig u re  29 g iv e s

o x id a t io n  c u rv e s  f o r  t h r e e  b itu m e n s . B itum en 3 (T r in id a d  Lolce

A s p h a lt)  showed th e  h ig h e s t  r e a c t i v i t y  and B itum en 2 (V enezuelan )

th e  lo w e s t .  The o x id a t io n  r a t e  w hich i s  loigh i n  th e  b e g in n in g
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g r a d u a l ly  f a l l s  w i th  tim e  and t h i s  b e h a v io u r  i s  shoivn by  a l l  

t h e  b itu m e n s .

P ig u re  30 r e p r e s e n ts  th e  o x id a t io n  c u rv e s  f o r  m altene  

f r a c t i o n s  o f  th e  th r e e  b itu m e n s . M altene  3 shows th e  h ig h e s t  

r e a c t i v i t y .  M a lte n es  i  and 2 g iv e  th e  same g e n e r a l  shape o f  cu rve^  

a lth o u g h  lo w er i n  oxygen a b s o ip t io n .  A f te r  ab o u t 120 h o u rs  '% lte n e  

2 showed a  g r e a t l y  d im in ish e d  r a t e ,  i . e .  a  s t r o n g ly  a u to -  

r e t a r d e n t  e f f e o t  and th e  f i n a l  o v e r a l l  a b s o lu t io n  f i g u r e s  p u t  th e  

o i l  f r a c t i o n s  i n  th e  o rd e r  3 '1  >2,

ï'rom th e s e  two f ig u r e s  i t  can be se en  t h a t  b itu m en s have 

a h ig h e r  r a t e  o f  o x id a t io n  th a n  t h e i r  m alten e  f r a c t i o n s .  I t  may be 

assum ed from  t h i s  t h a t  a s p h a l te n e s  have a  g r e a t e r  in f lu e n c e  on 

th e  r a t e  o f  o x id a t io n  o f  b itu m e n ^ s . To s tu d y  t h i s  f u r t h e r ,  f r a c t i o n s  

o f  a l l  th e  b itu m en s w ere p h o to -o x id is e d  a s  d e s c r ib e d  b e fo re  and th e  

r e s u l t s  i n  th e  form  o f  g ra p h s  a re  r e p r e s e n te d  i n  F ig u re s  3'î -  33*

As b e fo r e  a l l  th e  c u rv e s  a re  o f  th e  a u to - r e ta r d a n t  ty p e .

In  eaoh case  th e  w h ite  o i l  f r a c t i o n  was th e  m ost r e a c t iv e  

v lth  d a rk  o i l  showing th e  lo w e s t  r e a c t i v i t y ,  l e  s in s  were second i n  

r e a c t i v i t y  and th e  a s p h a l te n e s  t h i r d .  I t  can  be  se en  t h a t  th e  

r e a c t i v i t y  o f  th e  # i i t e  o i l  f r a c t i o n  i s  ^ p r o x im a te ly  doub le  t h a t  

o f  th e  a s p h a l te n e s  f o r  a l l  b i tu m e n s . By c a l c u l a t i n g ,  from  th e  

p e rc e n ta g e  and r e a c t i v i t y  o f  eaoh  f r a c t i o n ,  an  o x id a t io n  f ig u r e  

f o r  th e  b itu m en s and  com paring  th e s e  v fith  th e  o r i g i n a l  b itu m en  

o x id a t io n  f i g u r e  i t  was n o te d  t h a t  th e  c a lc u la t e d  cu rv e  f e l l  

below  th e  o b se rv ed  c u rv e . T h is  su g g e s t t h a t  i n  th e  b itum en  

o x id a t io n  a  c e r t a i n  s y n e r g e t ic  e f f e c t  m ight e x i s t ,  due to  th e  

in f lu e n c e  o f  f r a c t i o n s  on each  o th e r ,
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-  R ates of p h o to -o x id a tio n  o f sy n th e tio  ~bituniens 

Three s e ts  o f sy n th e tic  bitum ens were p rep ared  as d esc rib ed
'toy

fo r  therm al o x id a tio n  ini S ec tio n  3*9j^^the th re e  o r ig in a l  bitum ens 

and f r a c t io n a t in g  them in to  asp h a lten es  and m altene f r a c t io n s ,  

A sphaltenes were th en  b lended in to  m altenesin  vary ing  p ro p o rtio n s  

as shown in  Table 11, These samples were th en  p h o to -o x id ised  in  th e  

form of th in  f ilm s  and th e  oxygen uptake measured. The r e s u l t s  a re  

shown p lo t te d  in  F ig u res  54 -  36, F igure  34 re p re se n ts  photo­

o x id a tio n  curves f o r  Bitumen 1 and i t s  a l l i e d  « y n th e tic  bitum ens.

For a l l  th e  bitum ens s im ila r  a u to -re  ta rd a n t curves were ob ta ined  b u t 

a co n sid erab le  d if fe re n c e  in  r e a c t iv i ty  was n o ted . Bitumen 1 w ith

3^ asp h a lten es  gave alm ost th e  same r a te  o f o x id a tio n  as th a t  
cK«-

ob ta ined  fo r,jiia lten e  f r a c t io n .  R ather s u rp r is in g ly  bitumen w ith

10^ asp h a lten es  approached th e  same r e a c t iv i ty  as th e  o r ig in a l

bitum en -v^ile bitumen -with 15?5 asp h a lten es w»6 more re a c t iv e .

S y n th e tic  bitum ens w ith  20^ a sp h a lte n e s , i , e ,  th e  re c o n s ti tu te d

o r ig in a l  bitum en gave th e  same r a te  of o x id a tio n  as the o r ig in a l

bitum en. I t  i s  apparen t t h a t ,  in  g e n e ra l, s u s c e p t ib i l i t y  to

o x id a tio n  in c re a se  w ith asphaltene  o o n ten t, r e a c tin g  a maximum

a t  about 13^ asp h a lten es  and th i s  maximum is  above th e  r e a c t iv i t y

o f  th e  o r i g i n a l  b itu m e n . On in c r e a s in g  th e  a s p h a l te n e s  to  th e

n a tu ra l  f ig u re  r e a c t iv i t y  f a l l s  and approaches th a t  of th e  o r ig in a l

bitum en. Bitumen 2 w ith  i t s  sy n th e tic  v a r ia t io n s ,  dem onstrated

s im ila r  phenomena. In c rease  o f asp h a lten es gave in c re a s in g  r a te s

of p h o to -o x id a tio n , as measured by oxygen uptake and a maximum

fig u re  was ob ta ined  again  a t  about 13^ a sp h a lte n e s . The sy n th e tic

o r ig in a l  bitum en w ith  th e  same percen tage o f a sp h a lten es  and

m altenes as th e  o r ig in a l  m a te r ia l showed in  t h i s  c a se , a s l ig h t ly
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highei* ^ u s o e p t ib i l i ty  to  oK idatioû tliaji th e  e tartiaag  m ateria l#

F igure  35 shows th e  ourves obtained#

T rin id ad  hake A sphalt (Bitumen 3) showed s im ila r  behaviour 

in  th a t  a maximum r a te  was ob ta ined  w ith an asp h a lten e  oontent 

below th e  normal* The maximum in  th i s  case was ob ta ined  w ith 45^ 

a sp h a lte n e s , th e  normal asphaltene  oontent being  about 33fo* The 

p h o to -o x id a tio n  ourves ob ta ined  f o r  200 hours r é a c t io n  a re  shown 

in  F ig u re  36*

The e f f e c t  o f a s p h a lte n e  o o n te n t on o x id a t io n  r a t e  i s  

seen  more o l e a r l y  i n  F ig u re  37 where oxygen a b so rb ed  a t  200 h o u rs  

i s  p l o t t e d  a g a in s t  fo a s p h a l te n e s  f o r  th e  t h r e e  s e r i e s  o f  b itum ens 

s tu d ie d #  The th r e e  m a lten e  f r a c t i o n s  {ofo a s p h a l te n e s )  d i f f e r  

o n ly  s l i g h t l y  i n  s u s c e p t i b i l i t y  t o  p h o to -o x id a t io n  b u t  th e  e f f e c t  

o f  ad d in g  a s p h a l te n e s  shows a  m arked d i f f e r e n c e .  I n  th e  c a se  of 

th e  two p e tro le u m  b itu m en s ( i  and 2 ) p a r a l l e l  c u rv e s  a re  o b ta in e d  

and  th e  e f f e c t  o f th e  a s p h a l te n e  f r a c t i o n s  i s  a lm o st i d e n t i c a l*  

A sp h a lte n e s  from  T r in id a d  Lalce A sp h a lt have l e s s  e f f e c t  on th e  

o x id a t io n  r a t e  a l th o u g h , b e c a u se  o f th e  l a r g e  amount i n  th e  

n a t u r a l  m a t e r i a l ,  th e  o v e r a l l  o x id a t io n  r a t e  f o r  B itum en 3 i s  

g r e a t e r .

Two th in g s  were o f  i n t e r e s t  and w ould have b een  s tu d ie d

had  c irc u m s ta n c e s  allow ed* These were (1 ) th e  e f f e c t  o f  a s p h a l te n e s

on v i s c o s i t y  o f  th e  s y n th e t i c  b itu m e n s , a lth o u g h  t h i s  would n o t  be

e x p e c te d  to  show much d e v ia t io n  from  l i n e a r i t y *  T h is  s tu d y  -was n o t

p o s s ib le  due to  th e  l a c k  o f  a  s u i t a b l e  v is c o m e te r  and (2 )  th e

e f f e c t  o f a d d in g  a s p h a l te n e s  from  p e tro le u m  b itu m e n s  to  th e  T .L .A .

m a lte n e s  t o  se e  w h e th er an  a c c e le r a te d  e f f e c t  was o b ta in ed *  "Whilst

tim e  d id  n o t  a llo w  t h i s  to  be done i t  i s  o b v io u s ly  n e c e s s a ry  f o r
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r u r t n e r  gtucty o r t i l l s  phenomenon,

4,Zi.,4 m. The s tu d y  o f  ohem ioal changes on n h o to - o x ld a t io n  t y  
in fra*» red  speotroscD p.v

The soope o f tech n iq u e  i s  g iv en  in  d e t a i l  in  Appendix 

and d isc u sse d  f u l l y  la t e n ,

4 .5  *" The form ation  o f ^vat er-^soluble pro duo t s  o f  o x id a tio n  on 
i r r a d ia t io n  o f bitum ens and bitum en f r a c t io n s

A stu d y  made o f th e  form ation  o f  w ater so lu b le  

d egrad ation  prod u cts o f  bitum ens and f r a c t io n s  on exposure to  u .v .  

r a d ia t io n  in  th e  p resen ce  o f  atm ospheric oxygen. Thin f i lm s  wore 

prepared a t  th e  bottom  o f  beakers as d e sc r ib ed  in  S e c tio n  4 .5 .1 ,

The b eakers w ith  sample were f i r s t  d r ied  in  an oven a t  4 0 ° G fo r  

30 m inutes and a f t e r  c o o lin g  in  a d e s ic c a to r  wore w eighed. They 

were th en  p h oto^ ox id ised  in  th e  u su a l apparatus u s in g  th e  

fo llo w in g  c y c le :

(1 ) Photo-K )xidation f o r  40 h ou rs.

(2 )  D e s ic c a to r  fo r  13 m in u tes. Weigh.

(3 )  A d d ition  o f  23 ml d i s t i l l e d  w ater to  th e  bealcer, le a v e

fo r  30 m in u tes, shalce and wash tw ice  w ith  10 ml o f  

w ater and c o l l e c t  th e  w ater s o lu b le s .

(4 )  Drying in  an oven a t  4 0 ° C f o r  30 m in u tes, d e s ic c a to r  fo r

13 ml and w eigh . T his d if fe r e n c e  in  w eight from (2 )  shows 

th e  amount o f  w a te r -so lu b le s  produced.

S ev era l sam ples ware photo o x i d i s e d  in  t h i s  manner, 

th e  r a te  o f  p rod u ction  o f  w a te r -so lu b le s  determ ined and th e  ty p e s  

o f  slcin produced examined. T h is stu dy  was made w ith  (a )  th ree  

o r ig in a l  b itu m en s, (b ) bitumen fr a c t io n s  and ( c )  sy n th e t ic  

■bitumens. ¥ a te r - s o lu b le s  produced p er  cm was c a lc u la te d  and
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p l o t t e d  a g a in s t  h o u rs  o f  o x id a t io n ,  ( f i g u r e s  38 -  4 3 ) .

4-.3.1 "  R e su lt s  and d i s c u s s io n

R a te s  o f  p ro d u c tio n  o f  w a te r - s o lu b le  d e g ra d a t io n  p ro d u c ts  

o f  pho to  « o x id is e d  b itu m en s a re  r e p r e s e n te d  i n  f i g u r e  3 8 . The shape 

o f  th e  c u rv e s  o b ta in e d  were s i m i l a r  th ro u g h o u t b u t  th e  am ounts 

o b ta in e d  showed a  v a r i a t i o n .  The r a t e  o f  w a te r - s o lu b le  p ro d u c tio n  

shows a  f a l l i n g  o f f  a f t e r  80 h o u rs  e x p o su re . B itum en 3 gave th e  

h ig h e s t  r a t e  o f  p ro d u c tio n  w ith  Bitum en 1 second  and B itum en 2 

l a s t .  T h is  o r d e r  o f  r e a c t i v i t y  i s  i n  ag reem en t w ith  th e  r a t e s  o f 

oxygen uptalee shown i n  f i g u r e  29 .

f i g u r e  39 r e p r e s e n t s  w a te r - s o lu b le  p ro d u c ts  fo rm a tio n  

by  t h i n  f i lm s  o f  m alten e  f r a c t i o n s  o f th e  b itu m e n s  and a g a in  fo llo w s  

th e  same r e a c t i v i t y  p a t t e r n .  The m altene  f r a c t i o n  o f  B itum en 3 

shows th e  l a r g e s t  amount o f s o lu b le s  w ith  th e  f r a c t i o n  from  B itum ens 

1 and 2 n e x t i n  o r d e r .  T h is  su g g e s te d  t h a t  th e s e  f r a c t i o n s  m ight 

b e  r e s p o n s ib le  f o r  th e  t o t a l  p ro d u c tio n  o f  w a te r - s o lu b l e s  i n  

t h e i r  o r i g in a l  b itu m e n s .

To i n v e s t i g a t e  t h i s  f u r t h e r ,v a r i o u s  b itu m en  f r a c t i o n s  

w ere p h o to -o x id is e d  and th e  w a te r  s o lu b le s  d e te rm in e d , f i g u r e s  40-43 

r e p r e s e n t  th e  w a te r - s o lu b le s  p roduced  o v e r 200 h o u rs  by  th e  

b itu m in o u s  f r a c t i o n s .  The w h ite  o i l  f r a c t i o n  b e in g  l e s s  v is c o u s  

and e a s i l y  e m u ls ify in g  w ith  w a te r  v/as d i f f i c u l t  to  h a n d le . The 

h ig h e s t  r a t e  o f w a te r - s o lu b le  p ro d u c tio n  was fo u n d  w ith  th e  

a s p h a l te n e  f r a c t i o n s ,  w ith  r e s i n  and d a rk  o i l s  i n  d escen d in g  

o r d e r .  S im i la r  b e h a v io u r  was o b se rv ed  i n  f r a c t i o n s  ffom  a l l  

th e  b itu m e n s  b u t  i t  i s  n o t ic e a b le  t h a t  th e  f r a c t i o n s  do n o t
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show up an  a x a o t p a r a l l e l  betw een  'w a te iw so lu b le s  p roduoed  and 

oxygon up take*

The s y n th e t io  b itu m e n s , p r e v io u s ly  s tu d i e d ,  w ere a g a in  

p h o to -o x id is e d  and th e  w a te r - s o lu b le 5 p roduoed  de te rm ined*  F ig u re  

r e p r e s e n t s  th e  v ^ tte r - s o lu b le  produo t s  o f  B itum en i and a l l i e d  

s y n th e t io  b itu m e n s . The o r i g in a l  b itu m en , s y n th e t i c  b itum en  

w ith  ^fo a s p h a l te n e s  and m a lten e  f r a c t i o n  gave th e  same r a t e  

o f -iT U ter-so luble fo rm a tio n  v d iile  in c r e a s in g  am ounts o f  s o lu b le s  

were o b ta in e d  from  th e  m a te r ia ls  w ith  AÇffo and  15^  a s p h a lte n e s *

As i n  t h e  work on oxygen u p ta k e  a  f a l l i n g  o f f  i n  r a t e  was 

o b se rv ed  -tiihen 20fo a s p h a l te n e s  were addgd* B itum ens 2 and 3 

(F ig u re s  Vf- “  4 5 ) d id  n o t d i f f e r  a p p re c ia b ly  i n  t h e i r  r e s p e c t iv e  

r a t e s  o f s o la R le s  p ro d u c tio n  b y  f r a c t i o n s  and a ls o  showed s i m i l a r i t y  

to  th e  oxygen u p ta k e  c u rv e s .

I t  can  be  se en  th e n  t h a t  vd-th on in o r e a s e  i n  a s p h a l te n e  

o o n te n t up to  i n  p e tro le u m  bitum en and 45 ^  i n  T,L*A«, th e  

w a te r - s o lu b le  p ro d u c ts  in o re a s e  p ro p o r t io n a l ly *  L a rg e r  a i^ h a l te n e  

c o n te n ts  p roduce  a  d e c re a se  i n  th e  ^ m te r - s o lu b le  p ro d u c ts  f r a c t io n *  

T h is  i s  c o n v e n ie n t ly  shown i n  F ig u re  46 where w e ig h t o f  w a te r -  

s o lu b le  form ed i s  p l o t t e d  a g a in s t  a s p h a lte n e  o o n te n t  f o r  th r e e  

b itum ens* The f a l l  i n  \7a t e r - s 0lu b le  fo rm a tio n  w ith  more th a n  

1555 a s p h a l te n e s  i n  p e tro leu m  b itum ens c o u ld  be due to  th e  

fo llo w in g  re a s o n s :

(1 ) In o re a s e  i n  v i s c o s i t y  w ith  a d d i t io n  o f  a s p h a l te n e s ,

( 2 ) Change i n  b itum en  i n t e r n a l  s t r u c tu r e *

(3 ) A sp h a lte n e s  i n  e x c e ss  a c t in g  as  an a n t io x id a n t  or

chang ing  any s y n e rg e t ic  e f f e c t*
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S i m i la r i t y  o f  th e  r e s u l t s  f o r  ’b o th  \ ^ t e r - s o l u b l e  p ro d u o tio n

and oxygen uptalc© s u g g e s ts  a  d i r e c t  r e l a t i o n s h i p  betw een  th e  tw o.

F ig u re  47 shows th e  r e l a t i o n s h i p  betw een th e  two p l o t t e d  f o r  a l l

th r e e  b itu m en s and t h e i r  s y n th e t ic  form s ta lc in g  f i g u r e s  f o r  b o th

oxygen u p ta k e  and w a te r - s o lu b le  a t  200 h o u rs  o x id a t io n .  I t  i s

seen  t h a t ,  w h i l s t  th e  s lo p e  d i f f e r s  s l i g h t l y  and th e  r e l a t i o n s h i p s

do n o t q u i te  a g re e  i n  am ount, th e r e  does e x i s t  a  d i r e c t  r e l a t i o n s h i p

betw een  iiv a te r-so lu b le s  and o x id a t io n  s u s c e p t i b i l i t y ,

4*6 -  A s tu d y  o f  th e  w a te r - s o lu b le  d e g ra d a t io n  p ro d u c ts  o f  p h o to -  
o x id is e d  p eV ro le^ 'i " b l ik e n s  T r in id a d  'iK 'h a ll^

L i t t l e  work h a s  been  done i n  th e  s tu d y  o f  th e  n a tu r e  o f

(115 )w a te r - s o lu b le  p ro d u c ts ,  K le in so h m id t e t  a l^  and  S o h r ie s o h e in  

e t  a l ^ ^ )  were among th e  f i r s t  to  i n v e s t i g a t e  th e s e  p ro d u c ts  b u t  

worked w ith  blow n b itu m e n s , i , e ,  g e l  ty p e .  I n  th e  p r e s e n t  work th e  

amount o f  im te r - s o lu b le s  c o l l e c t e d  was to o  sm a ll  t o  c a r r y  out 

q u a l i t a t i v e  and q u a n t i t a t i v e  t e s t s ,  i t  w as, t h e r e f o r e ,  d e c id e d  

to  employ i n f r a - r e d  sp e c tro sc o p y  to  s tu d y  th e  n a tu r e  o f  w a te r -  

s o lu b le  p ro d u c ts  wlxioh were p a le  brown i n  c o lo u r  and e x h ib i t e d  

a c id ic  c h a r a c t e r i s t i c s .

S o lu t io n s  c o n ta in in g  i^ a te r - s o lu b le  p ro d u c ts  o f  

p h o to -o x id is e d  p e tro le u m  bituD iens and T r in id a d  Lalce A s p h a lt  

were f i l t e r e d  ( th ro u g h  Whatman No,1 f i l t e r  p a p e r ) .  Each f i l t r a t e  

was th e n  c o n c e n tra te d  to  100 ml u n d er vacuum d i s t i l l a t i o n .

One 25 ml p o r t io n  o f  c o n c e n tra te d  s o lu t io n  o f  each  sam ple was ta k e n  

in to  an e v a p o ra t in g  d is h  and a n o tlie r  25 ml p o r t io n  o f  th e  same 

sam ple p a s se d  th ro u g h  c a t io n  exchange r e s i n  (A m b erlite  E ® sin CG-120 

B .L .H ) t o  remove p rim a ry  and seco n d ary  a m in es . E ach was th e n  m ixed
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w ith  80 mg o f  KCl pow der and was e v a p o ra te d  t o  d ry n ess  on a 

w a te rh a th . F i n a l l y ,  th e y  were p la c e d  i n  th e  Yaouum oven to  remove 

l a s t  t r a c e s  o f  w ater*  Discs- o f  th e s e  were p re p a re d  and  i n f r a - r e d  

s p e c t r a  scanned  on th e  T n fra -C o rd ,

"  1#R. ^spec t r a  o f m te r - a o l u b l e  m a t te r  b e fo re  and  a f t e r  
m 3sjxg_thro\^h oation-eyohimKe-.re3to

The I*R . s p e c t r a  o f  w a te r - s o lu b le  p ro d u c ts  o f  p h o to ­

o x id is e d  p e tro le u m  h i tu a e n s  and  T r in id a d  LaJce A sp h a lt b e fo re  and 

a f t e r  p a s s in g  th ro u g h  o a tio n -e x o h a n g e - re s in  sho-^ved s im i la r  a b s o rp t io n  

h a n d s . F ig u re s  48 -  ^0* I,H * s p e c t r a  o f w a te r - s o lu b le s  p a sse d  

th ro u g h  o a tio n -e x o h a n g e - re s in  were presum ed to  show th e  rem oval o f 

p rim a ry  and se c o n d a iy  am ines by  th e  i n d ic a t io n  o f  r e d u c t io n  i n  th e  

i n t e n s i t y  o f  th e  a b s o rp t io n  band a t  3#0 u .  T h is  showed v e ry  l i t t l e  

change s u g g e s t in g  th e  p re s e n c e , i f  any , o f  p r i n a i y  and seco n d a ry  

am ines i n  v e ry  sm a ll q u a n t i t i e s .  O ther changes i n  th e  a b s o rp t io n  

r e g io n  i n  B itum ens 1 and 2 were n o te d  a t  5*8 , 6*25, 7*2 and 8 ,1 0  m icron  

r e g io n s .  T h is  was n o t  o f much s i g n i f i c a n c e .  These changes were 

n o t  o b se rv ed  i n  Bituraen 3*

The a b s o rp t io n  band a t  3*0 jU i s  due to  th e  p re se n c e  

o f  OH*** 0 ; -  OH ( h y d r o p e r o x i d e a n d / o r  -NH s t r e t c h in g

She a b s o rp t io n  b an d  a t  5 .9  P i s  due to  C-0 s tre to h in g ^ U ® » ^ 4 3 ) 

su g g e s to ^ th e  p re s e n c e  o f  c a rb o n y l group b u t  i t  i s  v e ry  d i f f i c u l t  to  

i d e n t i f y  w h e th e r th e  c a rb o n y l group p r e s e n t  i s  an a ld e h y d e , k e to n e  

a n d /o r  a c id .

The a b s o rp t io n  band in  th e  r e g io n  o f  7#7 t o  10 ju i s  

p ro b a b ly  due t o  s t r e tc h in g  v i b r a t i o n s ,  w hich i s  e v id e n t  f o r

M Qj ##
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group* I t  m igh t a ls o  be due to  

(p h e n o ls , a l c o h o l s ) C a r « 0 - C a r  Gar-OCar^^^^'^"^^)

s t r ;  a n d /o r   ̂ s t r * ,  where a r ,  a l  and  s t r * ,  r e p r e s e n ts

a ro m a tio s ,  a l i p h a t i c s  and  s t r e t c h in g  r e s p e c t iv e ly *

The a b s o rp t io n  band  a t  7*2$ i s  due to  

sy ü m ie trio a l d e fo rm a tio n . 

if,6*2  "  D isc u ss io n

S i m i l a r i t y  i n  in fra "» red  s p e c t r a  o f w a te r - s o lu b le s  fiom  

p h o to -o x id is e d  p e tro le u m  b itu m en s end T r in id a d  Lake A s p h a lt ,  

su g g e s t t h a t  th e y  have undergone a  s im i l a r  o x id a t io n  mechanism 

and th e y  a l s o  p o s s e s s  a  s i t i i l a r  s t r u c t u r e .  The p re s e n c e  o f  

d i f f e r e n t  oxygen f u n c t io n a l  gxoups o b se rv ed  i n  th e  above i n f r a ­

r e d  s p e c t r a  su g g e s t t h a t  th e  complex h y d ro ca rb o n  (b itu m en ) on 

p h o to -o x id a t io n  m igh t have undergone th e  fo l lo w in g  ch an g es:

H ydrocarbon H ydroperox ide  — > K etone — ^ C arb o x y iio  a c id
 ̂ + o th e r  p ro d u c ts

A lcoho l . Aldehyde
I  j

A cid A cid

The u l t im a te  p ro d u c ts  in c lu d e  a c id ,  w a te r  and som etim es 

a ld e h y d e s . The in te rm e d ia te  p ro d u c ts  may be h y d ro p e ro x id e , 

k e to n e s ,  a lc o h o l ,  a ld e h y d e s , e tc #

4*7 S e n s i t i s e d  p h o to -o x id a t io n s

As e a r l y  a s  1914 , He s in g e r^  s tu d ie d  th e  e f f e c t  o f  

p h o t o - s e n s i t i s e r s  such  a s  a n e th o le ,  e u g e n o l, s a f r o le  and i s o - s a f r o l e  

on b itum en  o x id a t io n .  He o b se rv ed  t h a t  th e  p re s e n c e  o f  th e s e  

c h em ic a ls  i n  l i t t l e  am ounts i n  b itum ens in c r e a s e d  th e  l i g h t  and 

h e a t  s e n s i t i v i t y *  P h o t o - s e n s i t i s e r s  a re  a ls o  u se d  to  i n i t i a t e  

p o ly m e ris a tio n *  I n  s e n s i t i s e d  p h o to -o x id a t io n  r e a c t io n s th e
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l ig h t ,  a b s o r t in g  su b s tan o o  does n o t undergo any  perm anen t ohem ioal 

o h an g e^^^^ ). The s o n s i t i s e r  e i t h e r  t r a n s f e r s  i t s  e n e rg y  o f  

a c t i v a t i o n  to  a  r e a o ta n t  m oleo u ie o r  e n te r s  i n t o  a  o y o le  o f  

r o a o t io n f s to p s  w hich form  th e  r e a c t io n  p ro d u c ts  and r e g e n e ra te  

th e  s e n s i t i s o r  i n  i t s  o r i g i n a l  fo rm . In  some in s ta n c e s  th e  

s i t u a t i o n  i s  o o m plioa tod  b y  th e  s im u lta n e o u s  p h o to -o h em io a l 

r e a c t i o n  o f  th e  s e n s i t i s o r *  In  p h o to - s e n s i t i s e d  r e a c t io n  th e  

o x o itc d  s o n s i t i s e r  m oleoulo  e i t h e r  r e a c t s  w ith  oxygen o r  th e  

r e d u o ta n t  to  form  in te r m e d ia te s  ( p a i r  o f  r a d i c a l s )  o r  a s s o c ia te s  

v d th  one o f  th e  r e a c t a n t s  t o  form  a  I b b i l e  r e a c t i v e  com plex. 

A n th rac en e , i n  i t s  t r i p l e t  s t a t e ,  r e a d i l y  fo iros a 

r e a c t i v e ,  s h o r t - l i v e d  m o lox ido . The k i n e t i c s  o f  th e  a u to x id a t io n  

o f  a n th ra c e n e  and t h a t  o f  a n th ra c e n e  s e n s i t i s e d  r e a c t io n s  seem to  

be id e n t io a l^ ^  In  th e  d i r e c t  o x id a t io n  a n th ra c e n e  s e rv e s  b o th

a s  s e n s i t i s e r  and a s  r e d u o ta n t .  The fo l lo w in g  ty p e  o f  m echanism 

h a s  boon p ro p o se d  by  Lundberg^^^^*

hv 4- A - A'-’

A* A + hv*

A* •-------- ^ A

A* A*

Og + A"' . A* O2

A> A

O2 4. A* A' Og

A ' Og A + Og

m  + A'Og ( a  and

The r e a c t i o n  betw een  m oloxide and c e r t a i n  r e d u c ta n ts  

c o u ld  p roduce  a p a i r  o f  r a d i c a l s  and th u s  in d u ce  a c h a in  r e a c t io n ,
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H ost o f  th e  p h o to s e n s i t i s e r s  a re  g u h stan o o s w hich 

can  g iv e  r a d i c a l s  by  th e rm a l o r  p h o to - d is s o c ia t io n  a t  m odera te  

te m p e ra tu re s .  C e r ta in  dyes such  a s  f l u o r e s c e i n ,  t h i a a i n e ,  

a z o d y e s , e t c , ,  have b een  u se d  a s  p h o t o - s e n s i t i s e r s  t o  i n i t i a t e  

p o ly m e r is a t io n .  M e ta l a lk y ls  o re  a ls o  enp loyed  a s  so u rc e s  o f  

r a d i c a l s  i n  p h o to ly s i s .  M arvel e t  t e t r a e t h y l ­

le a d  a s  a  p h o t o - i n i t i a t o r  i n  p o ly m e r is a t io n ,  G iilo ro p h y lls  and 

p e ip h y r in s  a r e  u se d  a s  s e n s i t i s e r s  i n  th e  p h o to -o x id a t io n s  

o f  OQiines; o l e f i n s ,  a ld e h y d e s , t h io u r e a s ,  e t c ,

R a d ic a ls  a re  form ed b y  th e rm a l o r  p h o to -d d s s o o ia t io n  o f  

s t a b l e  p e ro x id e  m o le c u le s . R a d ic a ls  form ed by  p h o to - d is s o c ia t io n  

may n o t  be i n  t h e i r  g round  s t a t e s  and t h e i r  r e a c t i v i t y  may, t h e r e f o r e ,  

te  so m e# ia t d i f f e r e n t  from  th o s e  o f  r a d i c a l s  g e n e ra te d  th e rm a l ly  a t  

th e  same te m p e ra tu re .  R a d ic a ls  can be p roduoed  b y  t r a n s f e r  

r e a c t io n s  o f d i f f e r e n t  ty p e s ,

( 1 ) E le c t ro n  t r a n s f e r  p ro c e s s  e i t h e r  th e rm a l o r

p h o to -c h e m ic a l,

( 2 ) R a d ic a l  d isp la c e m e n t -^diioh in c lu d e  hydrogen  o r  h a lo g en

a b s t r a c t i o n .

The fo rm er p ro c e s s  g iv e s  a  p a i r  of r a d i c a l s  vjhereas 

th e  l a t t e r  g iv e s  s in g le  r a d i c a l s ,

D i - t e r t - b u t y l  p e ro x id e  i s  a  v e ry  good so u rc e  o f  r a d ic a l s ,

( 120)f o r  r a d i c a l  p o ly m e r is a t io n ,  R u s s e l ^  h a s  shown th e  e x iè to n o c  o f  

com plexes betiveen  a ro m a tic  h y d ro ca rb o n s and t h e  t e r t - b u to x y  r a d i c a l s  

and  t h a t  i n  i t s  com plex form  th e  r a d i c a l  may e x h ib i t  red u c ed  b u t 

more s e l e c t i v e  r e a c t i v i t y .  The r e a c t io n s  o res
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(O H ^)gG .o.oc %  2 (c iy )gO o

(OH*), 00  ,  (CH,)2ao + ch!

(GHj )^GO 4- oyolo (GHg)^G,OH + oyolo Ĝ Ĥ

(Gïï^)C.Ô f. CHgîGH^GgHj ^»->(GH^)^GO,GH^ CH(OgHp

^rey^^^^  ) showed t h a t  when s h o r t e r  -^vavelengths a re  u se d  

f o r  th e  p h o to ly s i s ,  th e  d i s s o o ia t io n  may toJce a d i f f e r e n t  oou rse  

and a t  3000 ab o u t o f  p e ro x id e  d i s s o c i a t e s  a s  fo l lo w s ;

(GH^)^G,0,00(GH^)^ 2(CH^)^ G + 0%

The t e r t - b u to x y  r a d i c a l  r e a d i l y  a b s t r a c t s  H atom s from  s ta b le  

m o le c u le s  and t l i i s  p ro c e s s  oom,p|;etes s u c c e s s f u l ly  v d th  

a d d i t io n  ç f  o l e f i n io  b o n d s,

4*7»1 In v e s tig a tio n  o f pho to -ox idg tion  o h a ra o te r ia tio a
of b i tu mens c o n ta ining photo-aensi t i a i ng ohnmioa ls*  I ' ll II H  , i i i i n ~ < r i i i i* ^ i r M f ii i w w i  m  11 H M i n » t i ^ ~ T r T i , l ^ n , n r i , i r r , i  i n r  I j i  ■  ,  ,  ■ r ~ i < i , - n t i r i *  j  r

G odrioh^'^^^) n o te d  th e  in o re a s e  i n  s e n s i t i v i t y  to  l i g h t  

o f  th e  n a t u r a l l y  o c c u r r in g  b itum ens vh-th in c o r p o r a t io n  o f  s u lp h u r ,  

K renlcler^  1 2 3 ,1 2 4 ,1 2 3 ) g^ud ied  th e  e f f e c t  o f  a n th ra c e n e  o i l  on 

th e  h a rd e n in g  p r o p e r t i e s  o f  t a r .  He showed t h a t  a  vexy liigh  

p e rc e n ta g e  o f  a n th ra c e n e  o i l  i n  th e  t a r  re d u c e d  th e  h a rd e n in g  

p r o p e r t i e s  le a d in g  to  f a i l u r e  in  h o t iv ea th e r* , Hubrecht^*^^^^ 

s tu d ie d  th e  changes cau sed  i n  th e  p e n e t r a t io n  o f  t a r  on a d d i t io n  

o f  3fo o f  a n th ra c e n e  c r y s t a l s ,  T yutyunnikov e t  a l^ ^ ^ ^ ^  s tu d ie d  th e  

o x id a t io n  o f  b itum en  f i lm s  c o n ta in in g  3 -1 0 ^  o f  m anganese and c o b a l t  

n a p h th e n a te s  and found  t h a t  th e  m e ta l l i c  n a p h th e n a te s  a c c e le r a te d  

im rd e n in g  o f  th e  b itu m in o u s  f i lm s ,
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In  th e  p r e s e n t  work i t  was in te n d e d  t c  s tu d y  th e  e f f e c t  

o f  p h o t o - s e n s i t i s i n g  ch em ic a ls  on th e  p h o to -o x id a t io n  p r o p e r t i e s  o f  

th e  b itu m e n , A number o f  m a te r ia l s  were p re p a re d  b y  ad d in g  d i f f e r e n t  

p h o t o - s e n s i t i s i n g  c h em ic a ls  (T ab le  12) i n  d i f f e r e n t  p ro p o r t io n s  

t o  100 p en  V enezuelan  b itu m e n , A known amount o f  p h o to - s e n s i t i s i n g  

m a te r i a l  was added  t o  a  w eighed amount o f  b itu m en  and m ixed th o ro u g h ly  

b y  s t i i* r in g  a f t e r  h e a t in g  th e  m ix tu re  to  80^0 f o r  5 m in u te s .

These b itu m en s \?er6 s u b je c te d  to  p h o to -o x id a t io n  i n  t h i n  f i lm s  

a s  d e s c r ib e d  b e fo re  w ith  m easurem ent o f  oxygen u p ta k e  and am ounts 

o f  w a te r - s o lu b le  d e g ra d a t io n  p ro d u c ts .  The co m p le te  l i s t  o f  

m a te r i a l s  and th e  r a t e s  o f  p h o to - o x id a t io n  and  w a te r - s o lu b le s  

fo rm a tio n  a re  shown i n  T ab le  13#

TABLE 12 

FH0T0-3MSITISBIG- CTOillCALS

N os, C hem ical Form ula
! H ,p , 
! "C,

B ,P ,
oG,

1 A n th racene 216 354

2 A nth racene  o i l c o n ta in in g  15?^ a n th ra c e n e - -

A n e th o le CH^.CH;CH. GgH, .0CH^(1:4) 2 2 ,5 235

4 E ugenol QHgiGH.GHg. OgH,(OCHj).c»i 

(1 s3 ;4 ) 248

5 S a f r o le CHg;CH.CHg.CgH,(OgCHg)

( i  :3 :4 ) — 233

6 D i - t e r t - b u t y l
p e ro x id e (GH^)^G.O -.O G (G H ^y

— . - . ___ _ _____
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TABLE 13
BXOTÆMS

No,

2

3

4

6

7

8

9

10 

11 

12

13

14 

13 

16

17

18

19

20

21

22
. - J L „

P h o to - s e n s i -  1 
t i s i n g  ! 
oompo'Lmd J

fo P h o to -  
s e n s i t i s e r  
i n  b itum en

1 00 . upt aJce/  
1 om //h r  a t  

S .T .P ./10">^

mg T feter- 
s o lu b le s /  
cm ■/hr/'lC

- — ' 2 ,7 8 1 .8 3

A n tto ao en e  o i l 2 2 .9 7 1 ,9 3

ft 3 3 ,2 2 2 .0 7

It 7 3 .4 5 2 .2 2

11 10 3 .6 2 2 ,3 7

tt 20 4 ,01 2 .6 7

II 30 4 .6 2 3 .0 7

A ntliraoene 1 2 ,9 5 2 .1 2

II 2 3 .2 0 2 ,3 2

II 3 3 .5 5 2 .3 0

A n eth o le
'

2 .9 2 2 .2 7

11 2 3 .2 0 2 ,4 0

II
5 3 .4 7 2 ,6 3

E ugenol 1 2 .9 2 2 ,0 3

ff 2 3 .1 7 2 .1 3

1! 3 3 .4 5 2 .4 2

S a f r o le 1 2 .9 5 1 .9 7

II 2 3 .0 2 2 .1 2

tt 5 3 .2 7 2 ,3 3

L i - t e r t —b u ty l
p e ro x id e 0.1 2 .8 5 1 .9 3

tt 0 .2 2 .9 5
-

2 ,2 2

1! 0 /5 3 .3 2 2 ,3 2

r 3

  L
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4 .7 .2  "  R e s u l ta  and d is a u a s io n

The p h o t o - s e n s i t i s i n g  m a te r ia l s  u se d  w ere a n th ra c e n e  o i l ,  

a n th ra c e n e ,  a n e th o le ,  e u ^ o l ,  s a f r o le  and d i - t e r t - b u t y l  p e ro x id e . 

The amount o f  oxygen ab so rb ed  was c a lc u la t e d  i n  te rm s  o f  co o f  

o x y gen /om ^ /h r. The amount o f  ivat e r - s  o lu b le  s p ro d u o ed  was m easured  

a n d  c a l c u l a t e d  i n  te rm s o f  mg o f  w a te r - s o lu b le s /o m ^ /h r .  From 

T ab le  13 i t  can b e  seen  t h a t  oxygen a b s o rp t io n  in c r e a s e s  w ith  

in o re a s e  i n  ^  o f  p h o to  s e n s i t i s i n g  c h e m ic a ls . A n th racene  o i l  

a t  an added c o n c e n tr a t io n  a s  low  a s  2^  in c r e a s e s  th e  r e a c t i v i t y  

and i s  s i m i l a r  t o  th e  e f f e c t  o f  a n th ra c e n e  and 1 ^  s a f r o l e ,  

A n th racen e  o i y s t a l s  and  a n th ra c e n e  o i l  i n  v a ry in g  am ounts 

p roduoed  l a r g e  inor< tasos i n  r e a c t i v i t y ,  D i - t e r t - b u t y l  p o ro x id e  

g iv e s  a  l a r g e  a c c e l e r a t i o n  w ith  a s  l i t t l e  a s  0 ,1 ^  a lth o u g h  t h i s  

m a te r i a l  i s  u n s ta b le  a t  h ig h  te m p e ra tu re s  and  i s  n o t  r e a l l y  a  

p o s s i b i l i t y  a s  a  b itum en  a d d i t i v e ,

A n e th o le , eu g en o l and s a f r o le  have an e f f e c t  on r e a c t i v i t y  

b u t  w ould n o t  b e  econom ical f o r  g e n e ra l  u s e .  I f  th e  in o re a s e  i n  

r e a c t i v i t y  i s  r e f l e c t e d  i n  a  c o rre sp o n d in g  in c r e a s e  i n  v i s c o s i t y  

(and  s lc id - re  s i  s ta n c e  due to  t r a f f i c s  a b ra s io n )  th e n  f o r  s p e c ia l  

c o n d it io n s  th e y  m igh t be p o s s ib l e .  The r a t e s  o f  p h o to -o x id a t io n  o f  

model b itu m en s c o n ta in in g  v a ry in g  am ounts o f  a n th ra c e n e  o i l  a re
o

a ls o  p l o t t e d  i n  te rm s o f  cc o f  0 ^  uptalce a t  S ,T ,P ,/o m  o f  s u r f a c e

a re a  « g a in s t  h o u rs  o f  o x id a t io n  a s  shown i n  F ig u re  5 1 . The w a te r -

so lu b le  s f o r  th e  s a id  model b itu m en s a r e  a ls o  p l o t t e d  i n  te rm s o f

2mg o f  w a te r - s o lu b le s /c m  o f  s u r f a c e  a re a  to  th e  b a se  o f  h o u rs  

o f  o x id a t io n ,  F ig u re  5 2 . These show t h a t  i n  b o th  c a s e s  th e
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ourves fo l lo w  th e  saine p attern ., The r e la t io n s h ip  betw een oxygen  

absorbed and v /a ter-a olub lefl produoed i s  shown in  f ig u r e  55 fo r  

a l l  th e  p h o to - s e n a it is in g  a d d it iv e s  and in d io a te s^ n e a r ly  l in e a r  

r e la t io n s h ip  in  alm ost e v e iy  case*

In  order to  stu dy  the amount o f w ater—s o lu b le s  produoed  

and th e  amount o f  Og uptake ewesçr 200 hours^ w ith  v a ry in g  amounts 

o f p h o t o - s e n s it i s in g  oiiemioals^ t h e ir  r e s u l t s  are rep resen ted  in  

f ig u r e s  54 and 55# I t  oould be seen  from th e  f ig u r e s  th a t th e  

q o a n tity  o f  d i - te r t -4 )u ty l  p erox id e  req u ired  to  p h o t o - s e n s i t i s e  bitumen  

i s  v e ry  low^ vh ereas the q u a n tity  o f  anthraoene o i l  req u ired  i s  vexy  

h igh  to  produce th e  same e f f e c t #. The d ecrea sin g  order o f  p h o to -  

s e n g i t i s e r  r e a c t iv i t y  i s  in  order o f  d i - t e r t - b u t y l  p e r o x id e , 

an th racen e , a n e th o le ,. eugenol and s a fr o le  f o r  Og uptake* T his  

s l i g h t l y  v a r ie s  f o r  w a te r -so lu b le s  # ie r e  a n e th o le  g iv e s  s l i g h t l y  

more w a te r -so lu b le  s than anthracene though anthracene i s  more 

r e a c t iv e  regard in g  a b s o ip t io n . T his might be due to  s l ig h t  

s o l u b i l i t y  o f  a n e th o le  in  w ater,

4 » 8 -  The e f f e c t  o f  ir r a d ia t io n  on akin fg n n a tio n

Bitum en, s y n th e t ic  bitum en, m od ified  bitum ens w ith  

p h o t o - s e n s it i s in g  ch em ica ls and bitiim en f r a c t io n s  in  the foriïi 

o f  th in  f i lm s  on exposure to  U.V, r a d ia t io n  formed a sk in  on 

th e  su r fa c e . The f i r s t  in d ic a t io n  o f  t h i s  slcin was noted  by 

th e  appearance of a s l i g h t l y  d u l l  la y e r  on th e  f i lm  su rfa ce  a t  

20 hours exposure to  U.V, r a d ia t io n . This produced m easurable 

amounts o f  w a te r -so lu b le  a* I t  was found th a t  th e  q u a n tity  o f  

w a te r -so lu b le  p rod u cts produoed a t  40 hours was approxim ately  

double t o  th a t  produced a t  20 hou rs. T his shows th a t  lo n g er  

Exposure d id  not have any adverse e f f e c t  in  th e  r a te  o f
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o x id a t io n  due t o  in o re a s e d  o o n o e n tra tio n  o f  w a te r ^ s o lu t le  

p ro d u c ts  a t  th e  s u r f a o e .  U sing  2|jO hours*  o x id a t io n  o y o le s  

T Ja te r -so lv b le  p ro d u o ts  -were rem oved a s  d e s o r ib e d  u n d e r  4*5*

S k in  fo rm a tio n  -was n o t  p ro m in en t on th e  su r fa o e  o f 

w h ite  o i l ,  d a rk  o i l  and  a s p h a lte n e s *  liVhite o i l  on lo n g e r  

e x p o su re  to  u .v *  r a d i a t i o n  ohangedL f i r s t  to  y e llo w  and f i n a l l y  

to  d a rk  brow n. Dark o i l  was n o t much a f f e c t e d ,  R e s in  changed 

i t s s k i n  c o lo u r  fo rm ing  a  g o ld en  b lu e  f i lm .  A sp h a lte n e  showed 

l i t t l e  change i n  s k in  a p p e a ra n c e ,

"When th e  exposed  sam ples -were rem oved from  u ,v ,  

r a d i a t i o n  and a llo w e d  to  c o o l down, th e  s k in  c o n tr a c te d  and on 

f u r t h e r  ex p o su re  th e  s k in  expanded . Thus i t  underw en t a l l  th e  

tim e  p h y s ic a l  s t r e s s e s  and s t r a i n  v h io h  e v e n tu a l ly  r e s u l t e d  i n  

c ra c k  fo rm a tio n , A ne tw ork  o f  h a i r  checks was o b se rv ed  on th e  

s u r f a c e s  o f  b itu m e n s  and  r e s i n s ,  "Whan th e s e  j^u rfao es were 

K posed f o r  a  p e r io d  o f  200 h o u r s ,  c ra c k s  v^ere n o t ic e d  W iioh h e a le d  

b y  new slcin fo rm ing  on th e  newLy exposed  s u r f a c e  and jo in in g  

up w ith  th e  o r i g i n a l  s u r fa o e  s lc in . The v i s u a l  e f f e c t  o f th e  

d i f f e r e n t  ty p e s  o f s k in s  on th e  s u r f a c e s  a re  d e t a i l e d  i n  

T a b le s  1 4 , 15 and 1 6 ,

4#8 ,1  "  R e s u l ts  o f  d is c u s s io n

Slcin fo rm a tio n  may be o f  some im p o rtan c e  from  th e  

v ie w p o in t of ro a d  s u r f a c e s  and  s k id - r e  s i s  ta n c e  i n  t h a t  t r a f f i c  

a b ra s io n  may expose  a g g re g a te  more e a s i l y .  B itum ens fo n a in g  

sm ooth s u r f a c e s  o f  low  s k id  r e s i s t a n c e  a re  o f  l o s s  im p o rtan ce  

f o r  dense  ro a d  s u r f a o in g s  th a n  th o s e  fo rm ing  a  ro u g h e r  t e x t u r e ,

M *W



D u ll and ro u g h e r  s k in  was form ed on th e  T r in id a d  Lake A s^ihalt

(11 13 )su rfa c e *  T h is  m s  a l s o  o b se rv ed  b y  some w orkers a  decade^  ̂ ^
*

ag o . I n  th e  p r e s e n t  work i t  was n o te d  t h a t  s im i l a r  e f f e c t s  were 

produced on th e  s u r f a c e s  o f  th e  m o d ifie d  b itu m e n s . P h o to - s e n s i t i s in g  

c h e m ic a ls  such  a s  a n th ra c e n e  o i y s t a l s ,  a n th ra c e n e  o i l ,  eugeno l 

aid s a f r o l e  when m ixed w ith  b itu m en , p roduced  s i m i l a r  su rfa o e  

t e x t u r e s  to  t h a t  p roduced  by T r in id a d  Lake A s p h a lt ,  A nthracene 

o i l  i s  e a s i l y  a v a i l a b l e  from  c o a l t a r  di.s t i l l a t i o n  and  b e in g  

th e a p ,  c o u ld  be u se d  e f f e c t i v e l y  w ith  p e tro le u m  ro a d  b in d e r s  

to  p roduce  s k id  r e s i s t a n t  p r o p e r t i e s ,

TABLE 14
CHABAGTERISTIGS OF SZJM EOBMED ON THE SUBPAGE QE 

BlTœîMS~'AHD FIÜICTIQNS ^ Q S E D  TO U,V*~ EOR 2~d0 HOURS

^A) B itum ens C h a r a c te r i s t i c s  o f  s u r fa o e  a k in

(1 ) R e f in e ry  Bitum en 1 .jB right, s l i g h t l y  wavy s k in  w ith  a ne tw ork
I o f  checks* B road  checks h e a le d ,

( 2 ) R e f in e ry  B itum en 2 |
(V enezuelan )

( 3 ) T r in id a d  Lake A sp h a lt  
( F i l l e r  f r e e )

( b ) B itum en F ra c t io n s

( 1 ) W hite o i l

( 2 ) Dark o i l

(3 ) R esin

(4 ) Asp h a l t  ones

V ery d u l l  and  ro ugh  slcin  w ith  a  ne tw ork  
o f  h a i r  c h e c k s , V ery  few  b ro ad  h e a le d  
c ra c k s

C h a r a c te r i s t i c s  o f s u r f a c e  s k in

V ery t h i n  brown s k in  m t h  a  ne tw ork  o f  
i h a i r  c h ec k s ,

i S l i g h t l y  d u l l  s k in  w ith o u t checks 

I Golden b lu e  s k in  w ith  a  ne tw ork  o f  checks| 

j S l i g h t ly  d u l l  s k in  w ith  few  h a i r  checks*
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TABLE 15

nHl)PftfTP-RRTRTIOS OF SKBf EOBIJBD ON ffiE SUEEAGES OE SWHETIO 
BITUMENS EXPOSED TO U.V. BADIilTIOH EQR '200 HOURS

S y n th e tic  bitum ens

Î ,  R efinery  Bitumens 1

(1 ) Malt ene s + 5% A aphaltenes

(2 ) (I -V- 10^

(3) -15^

B rig h t, r a v y  sk in  w ith  a network o f  

h a ir  checks#

B r ig h t, s l i g h t l y  t ig h t  sk in  w ith a 

network o f h a ir  checks and few  

h ea led  c ra ck s.

B r ig h t, t ig h t  sk in  w ith  a network  

o f  h a ir  checks and h ea led  cracks*
i"v w 'i» » * te is- '= = fl™ !ÿ rïi? îx se tt:; îtis& < c E ir= ass™  ' '

( i )  Mal tones A aphaltenes

( i l )  " + 10^ "

( i l l )  " + 1 5 ^  "

en

I I I .  Trinidad. Lake Asntql t

( i )  Malt ene a +15?̂  A sphaltenes

( i i ) " + 30^

( i l i ) hdfo

C h a r a c te r is t ic s  o f  su rfa ce  sk in

)

Skin s im ila r  to  1 ( i )

» " " 1 ( i i )

ti .1 II 1 ( i l l )

D ull and s l i g h t l y  lo o s e  ak in  w ith  a 

network o f f in e  ch eck s.

D ull and s l i g h t l y  t ig h t  sk in  w ith  a 

network of f in e  checks and few  broad  

h ea led  c r a c k s .

Very d u ll  and rough su rface  sk in  vri.th 

a network of h a ir  checks and broad ^  

h ea led  cracks a l l  over .
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TAtBLB 16
GHARÀCTERI3TI03 OP S K In ’ PQBMED CM TUB SOEgACE OF M ODIglBD B IT tR M S  TfTTH

P H g r 'd -^ M S iT is W o  c m  e ^ p o s e d  t o  u . v . ' e o r  '200 'H ooks'

Bitumens C haracteristics o f  surface skin
100 pen,Venezuelan bitumen B right, wavy ^ i n  vdth network o f l ia ir  

checks and no broad cracks
2 ( i )  " " 1^ Anthracene

cry sta ls
( i i )  » " 2^ " 1

( i i i )  « " '»

D ull, wavy skiii with network of h a ir  
checks and no broad-doep cracks

n 11 !l It It

Very d u ll and rough skin  w ith network of  
checks and few healed broad cracks

^ ( i )  ” ” A fo Aaethole

( i i )  " •» ^  " 
( i i i )  ” » 5 fo  "

B right, wavy akin w ith network of fin e  
checks and no deep cracks

II II It n II

S lig h U y  d u ll v/avy skin with network of  
checks and few broad healed cracks

( i )  ” " \ fo  Eugenol 
( i i )  " •* ^  " 

( i i i )  " » y /o  "

D ull, wavy slcin with few b l is t e r s
II II II 11

Veiy duH , wavy skin  with b l i s t e r s ,  ha ir  
cracks and broad healed  oracles

^  ( i )  " " \ fo  Safcole
( i i )  « « ^  » 

( i i i )  '* » 5fo «

D ull, wavy skin w ith network o f hair checks
II II II II II 
II It II II II
and VGiy few  broad healed cracks

^ ( i )  " " 0#.1^ di«*tert-
Butyl psroxide

( i i )  " " 0 ,2^  "
( i i i )  " " 0 ,5^  "

Brigiat, wavy skin with hair l in e s
M II II II II II 
II II II II ft II
network of h a ir  l in e s  with few broad 
healed crooks

2  ( i )  ” " 2 !fo  anthraoene o i l

( i i )  " " 5^ "
( i i i )  " " T fo  "

( iv )  " " -lOjS "
(t ) " " 20^ "

(v i)  '• » 3 0 fo  "

S lig h tly  d u ll; wavy slcin with few h a ir  
checks

Dull ” " " « " 
"wavy slcin witfe netvrork of hair checks
II II H It It It II It

Very dull,wavy skin  with network of hair  
checks and broad healed cracks

It It II II II II
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5 . APPENDIX -  imPA-RED SPECTRA OF ORiaiNAL, THBRML AND PHOTO-OXIDISED
B ir m m s  and fractions

In fra -r ed  sp ectroscop y  i s  a very u s e fu l  a n a ly t ic a l  t o o l  in  

stu d y in g  th e  chem ical s tr u c tu r e  o f  complex hydrocarbons l ik e  

bitum ens. The o b je c t  o f  the p resen t work i s  to  stu d y  the fu n c t io n a l  

groups o f  bitum ens and th e ir  f r a c t io n s  and a ls o  to  study th e  changes 

o ccu rr in g  in  them when su b jected  to  therm al and p h o to -o x id a tio n .

Knotnerus^^^^^ employed I .R , sp ectro sco p y  to  study the  

oxygen c o n ta in in g  fu n c t io n a l groups formed during th e  a ir  b low ing  

o f  bitum ons. He concluded th a t a s hydrogen b r id g e s  were not 

observed  between th e  h igh  m olecular a c id s  and so lv en t?  th is  ru led  

out th e  p o s s i b i l i t y  o f predominant a c id s . T h is  was taken as proof 

th a t e s t e r s  wore the predominant oxyg en -co n ta in in g  ty p o s , Tliis
( 11 6) -wKo

was argued by Campbell and Wright m aintained th a t  the

p resen ce o f  'a c id -s o lv e n t  hydrogen b r id g e s ' would be extrem ely

d i f f i c u l t  to  d e te c t  in  a  s o lu t io n  c o n ta in in g  th e  b itum en  by 3L r,

sp ectro sco p y  and regarded th e  e a r l ie r  work as weak ev id en ce  fo r

s e le c t in g  e s t e r s  r a th er  than a c id s  as predominant oxygen-

co n ta in in g  m o lec u le s ,

( 111 )Stewart stu d ied  changes produced in  th e  c o n s t i tu t io n

o f  bitum en on outdoor exposure u s in g  in fr a -r e d  a n a ly s is ,  F isch er  

( 129)and Sohram ^  stu d ied  th e  c o n s t i tu t io n  o f  a s p h a lt ic  bitumen 

s p e c tr o s c o p ic a lly  in  con n ection  w ith  m ild hyd rogenation ,T H e^  

a ls o  used polarograp hio  methods fo r  'model bitumens* and
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oono luded  t h a t  a s p h a l te n e s  c o n s is te d  o f a ro m a tic  r i n g  system s

s t r o n g l y  s u b s t i t u t e d  by p a r a f f i n i e  c h a in s  w ith  m u l t ip le  oxygen

lin lc s*  N aphthene r in g s  w ere p r e s e n t  to  a  m inor e x te n t  and th e

a ro m a tic  r in g s  were condensed  sy s te m s . Beitohman^*^^^^ s tu d ie d

th e  changes c au sed  i n  blow n b itu m en s when s u b je c te d  to  carbon  a rc

r a d i a n t  ex p o su re  i n  25 p  t h i c k  f i lm s  by u s in g  i n f r a - r e d  a n a l y t i c a l

te c h n iq u e s .  He o b se rv ed  t h a t  th e  a b s o rp t io n  band in c r e a s e d  a t

2 . 9 1 , 5»88 and  9.71 m io ro n re g io n  a u g g e s tirg  in c r e a s e  o f OH, 0=0

f 71 )and  0 -0  g roups r e s p e c t i v e ly .  Yen and Erdman'^'  ̂ u s e d  i n f r a - r e d  

s p e c tro s c o p y  to  s tu d y  a s p h a l t  ene s t r u c t u r e s ,

( 29 )Cam pbell e t  a l^  ^  exam ined th e  o x id a t io n  o f  b itu m en s 

^ t e r  b o th  a c c e l e r a t e d  and n a t u r a l  w e a th e r in g . U sing  i n f r a - r e d  

a n a ly s i s  to  m easure changes a f t e r  f ix e d  p e r io d s  o f  ex p o su re  and 

a ls o  a s  a  f u n c t io n  o f  exposu re  t im e , Sohweyer^*^^*^  ̂ a p p l ie d  

i n f r a - r e d  a n a ly s i s  to  th e  s tu d y  o f  th e  p r o p e r t i e s  o f b itu m in o u s 

m a t e r i a l s ,  Romberg e t  a l^ ^ ^ ^ ^  u se d  s im i l a r  te c h n iq u e s  to  s tu d y  

th e  b itu m en  com ponents from  g e l ,  s o l - g e l  and s o l  b itu m e n s .

Campbell e t  added  model o rg a n ic  compounds t o  b itum ens

and com pared th e  i n f r a - r e d  s p e c t r a  o f th e s e  new s y n th e t i c  model compounds 

w ith  t h a t  o f  p h o to -o x id is e d  b itu m e n s . By t h i s  te c h n iq u e  th e y  

co n c lu d ed  t i i a t  th e  p r i n c i p a l  oxygen c o n ta in in g  p ro d u c ts  form ed i n  th e  

b itum en  d u r in g  n a tu r a l  e x p o su re  o r  p h o to -o x id a t io n  w ere a ld e h y d e s , 

k e to n e s  and a c i d s .  W righ t and  C a m p b e l l ^ ^ a l s o  s tu d ie d  th e  

o x id a t io n  r a t e s  o f  blown b itu m en s exposed  t o  a  c a rb o n  a rc  by 

m easu rin g  th e  change i n  th e  i n f r a - r e d  a b s o ip t io n  i n  th e  3 ,8 8  

m icron  r e g io n .  They co n c lu d ed  t h a t  th e r e  was an  in d u c t io n  p e r io d  

fo llo w e d  by  a  s te a d y  o x id a t io n  r a t e  u n t i l  n e a r  th e  f a i l u r e  p o in t
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when th e  o x id a t io n  r a t e  a o o e le r a te d  u n t i l  f i lm  f a i l u r e  to o k  

p la o e  a s  i n d ic a te d  by  b itum en  f i lm  oraokii% » * Q kreenfe ld  and W right 

i n  t h e i r  p h o to -d e g ra d a t io n  s tu d ie s  a l s o  m easured  th e  ca rb o n y l 

a b s o rp t io n  a t  5*88 mioroisSy t h i s  b e in g  r e l a t i v e l y  f r e e  from  

in te r f e r e n c e  by  a b s o rp t io n  o f  o th e r  g ro u p s ,

5*1 " l ^ e r i * ,an ta l procedure

I,R *  s p e c t r a  o f  b itu in en s  and f r a c t i o n s  b e fo re  o x id a t io n  

w ere scanned  a s  d e s o r ib e d  u n d e r  S e c tio n  2*1, T h erm ally  o x id is e d  

sa m p le s  ware s i m i l a r ly  scanned  a f t e r  rem oval o f  x y le n e  s o lv e n t  

u n d e r vacuum, I.R *  o f p h o to -o x id is e d  sam ples were scanned  by 

d is s o lv in g  th e  s u r f a c e  o f th e  o x id is e d  sam ples u s in g  carb o n  

t e t r a c h l o r i d e  and th e n  em ploying th e  m ethods d e s o r ib e d  un d er 

S e c tio n  2 ,1

5*2 -  I n f r a - r e d  s p e c t r a  o f  o r i g i n a l  b itum ens

I n f r a - r e d  s p e c t r a  o f  th e  f o u r  b itum ens u se d  a re  shown 

in  F ig u re  56# I n  g e n e ra l^ ,  a l l  lo o k  s im i l a r  w ith  some v a r i a t i o n  

i n  a b s o rp t io n  band h e ig h t s .  I t  i s  p o s s ib le  to  d e te rm in e  th e  

ty p e s  o f  group p r e s e n t  i n  th e  m o lecu le  from  th e  p o s i t i o n  o f  th e  

a b s o rp t io n  b a n d s . T ab le  17> r e p r e s e n ts  th e  ty p e s  o f  g roups p r e s e n t  

a t  d i f f e r e n t  band lo c a t io n s #  The p re se n c e  o f p o o r a b s o ip t io n  band  

i n  th e  re g io n  o f  2 .9 5  m icron  i n  1 and 3 su g g e s te d  th e  p re se n c e  

o f  OH a n d /o r  NH g roups I n  a  v e iy  sm a ll am ount. These a b s o ip t io n  

bands were w e ll d e f in e d  i n  2 and 4  su g g e s tin g  th e  p re s e n c e  o f  OH 

a n d /o r  NH g roups i n  a  f a i r  am ount. The c h a r a c t e r i s t i c  o f  3 

was t h a t  i t  showed a  p ro m in en t c a rb o n y l (0=0) a b s o rp t io n  band
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a t  5 ,8 8  p. r e g io n  -vtoch was due to  a ld e h y d e s , k e to n es a n d /o r  

a o id s^ ^ ^ ^ ^ , 1 showed l i t t l e  o a rh o n y l a b s o rp t io n  i n  t h i s  r e g io n ,  

v h i l s t  2 and 4  d id  n o t show any  d i s t i n c t  a b s o r p t io n  band i n  t h i s  

r e g io n  p ro b a b ly  due to  o v e rla p p in g  o f  a ro m a tic  b a n d ,

A ll  f o u r  s p e c t r a  showed s ig n s  o f th e  a ro m a tic  n a tu re  

o f  th e  b itu m e n s . The a b s o rp t io n  i n  th e  r e g io n  o f  6,2& , 1 1 .5 ,

1 2 ,2 4  and 1 5 ,3 5  m icron  w ere o h a r a o t e r i s t i c  o f  a ro m a tic s^ ^ ^ ^ * ^ ^ ^ ) ,

1 sho'ived a b s o ip t io n  o f  v e ry  h ig h  i n t e n s i t y  a t  6 ,2 5  and 1 1 ,5  m icron 

r e g io n s ,  su g g e s tin g  t h a t  1 was h ig h ly  a ro m a tic  com pared t o  o th e r s .  

The a ro m a tic  c h a r a c te r  o b se rv ed  i n  th e  rem a in in g  th r e e  were i n  

oboreasing  o rd e r  o f  2 , 4  and 3* A b so rp tio n  b an d s on th e  r e g io n  

o f  1 2 ,2 4  and 13#35 m icron  were n o t  v e ry  w e ll d e f in e d  i n  any o f  

th e s e  f o u r  s p e c t r a .

A b so rp tio n  i n  th e  3*0 t o  3*5f 6 ,5  to  7 ,5  and 1 2 .5  t o

1 4 ,3  m icron  re g io n s  were c h a r a c t e r i s t i c  o f CH s t r e t c h i n g ,  HGH 

b en d in g  and GĤ  w agging v i b r a t io n s  r e s p e c t i v e l y ^ * ^ A b s o r p t i o n  

i n  tlae 3*0 to  3*5 m icron r e g io n  was due to  C-H s t r e to l l in g  in  

m eth y l (CH^) and  m ethy lene  (GEg) groups p r e s e n t  i n  th e  p a r a f f in  

h y d ro c a rb o n s , n ap h th en e  h y d ro ca rb o n s and p a r a f f in ! o  s id e  c h a in s  

on a ro m a tic  h y d ro c a rb o n s . A b so rp tio n  a t  6 ,5  to  m icron  was

due to  m eth y l and m ethy lene  g ro u p s p r e s e n t  i n  p a r a f f i n s  and  

n a p h th e n e s , A b so ip tio n  i n  7 .1  to  7*5 m icron  r e g io n  was o n ly  

due to  m eth y l g ro u p s  p r e s e n t  i n  p a r a f f i n s ,  n a p h th e n es  and a ro m a tic s .  

A b so rp tio n  from  1 2 ,5  to  1 4 .3  m icron  was p r im a r i ly  due t o  m ethy lene  

g roups i n  p a r a f f in s  and p a r a f f in i o  s id e  c h a in s ,  P a r a f f i n i e  

m eth y len e  groi%)s c o u ld  be  d e te rm in ed  by  th e  a v e rag e  a b s o rp t io n  

i n  t h i s  r e g io n  a lo n g  w ith th o  a b s o rp t io n  a t  5*38 to  3#42 m icron
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w hich i s  due t o  m eth y l and m ethy lene  g ro u p s^^ '^^ ).

B itum ens 1 and 4  showed a b s o rp t io n  o f  h ig h  i n t e n s i t y  

i n  th e  6*8 m icron  r e g io n  due to  th e  p re se n c e  o f m eth y len e  g rouns 

i n  h ig h e r  am ounts th a n  were p r e s e n t  i n  2 and 3* The a b s o ip t io n  

i n t e n s i t y  o f  3 a t  7 .2 5  m io ro n sm s h ig h e r  th a n  th e  a th e r s  i n d ic a t in g  

h ig h e r  am ounts o f  m ethy l g ro u p s  th a n  o th e r s .  T h is  a ls o  in d ic a te d  

Bitum en 3 had  h ig h ly  b ran c h ed  p a r a f f in i o  c h a in . A b so rp tio n  bands 

in  1 2 ,5  t o  1 4 .3  m icron  re g io n s  were n o t  v e iy  p ro m in en t i n  any 

o f  th e  sa m p le s . Bitum en 3 showed h ig h  a b s o rp t io n  a t  9.71 m icron  

Wiioh may be  due to  p re s e n c e  o f C-0, S»0 o r  3 i* 0  g ro u p s^ ^ ^ ^ ) .

1 , 2  and 4  showed o n ly  ab o u t h a l f  t h i s f b s o a p t io n  i n t e n s i t y  

The ab sen ce  o f a b s o rp t io n  betw een  5 ,9 5  and 6 ,2 5  m ic ro n  was an 

in d ic a t io n  t h a t  no o l e f in io  s t r u c tu r e  was p r e s e n t ,

5 ,2 ,1  -  I n f r a - r e d  s p e c t r a  o f  th e rm a l ly  o x id is e d  b itum ens 

On th e rm a l o x id a t io n  a l l  th e  b itum en  sam ples showed a 

s l i g h t  in c r e a s e  i n  a b s o rp t io n  i n t e n s i t y  a t  2 ,9 5  m ic ro n  su g g e s tin g  

a  s l i g h t  in c r e a s e  i n  OH g ro u p s . The ap p ea ran ce  o f  d i s t i n c t  

a b s o ip t io n  bands i n  2 and 4  a t  ab o u t 5 ,8 8  m icron  was due to  

in c r e a s e  i n  c a rb o n y l g ro u p s (Gp O ), 1 and 3 i n  t h i s  r e g io n  a ls o  

showed th e  in c r e a s e  i n  band i n t e n s i t y  su g g e s tin g  th e  in c r e a s e  

o f  th ts e .  g roups on o x id a t io n .  The in c re a s e  i n  a b s o r p t io n  

i n t e n s i t y  a t  1 1 ,5  m ic ron  i n  a l l  o x id is e d  b itu m en s showed an 

in c r e a s e  i n  a ro m a tic  s u b s t i t u t i o n .

The a b s o ip t io n  bands a t  9 ,7  m icron  in o re a s e d  i n  a l l  

CQcidised sam ples su g g e s tin g  an in c r e a s e  i n  0 -0  liz ^ c s ,
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I t  may be concluded  t h a t  on th e rm a l o x id a t io n  o f  b ltim e n a  

a ld e h y d e ,  k e to n e  a n d /o r  a c id  g ro u p s , a ro m a tic  s u b a t i tu t io n ^  OH groupa 

and 0-0  g ro u p s a re  form ed o r  in c re ased #

5 .2 ,2  -  I n f a a - r e d  s p e c t r a  o f  p h o to -o x id is e d  b itum ens

5 ,2 ,2  -  I n f a a - r e d  s p e c t r a  o f  p h o to -o x id is e d  b itu m en s 56) 

showed s i m i l a r  changes to  th o s e  p roduced  in  t h e n a a l ly  o x id is e d  

b itu m e n s . The i n t e n s i t y  o f  a b s o rp t io n  bands a t  5*88, 9*7 &#d 

11*5 p  showed s u b s t a n t i a l  in c re a s e  i n  a l l  sam ples s u g g e s tin g  in c re a s e  

i n  c a rb o n y l , 0-0 and a ro m a tic  s u b s t i t u t i o n  r e s p e c t iv e ly #  Bitumen 

3 showed h ig h e s t  i n t e n s i t y  a t  5 .8 8  and 9*1 p. s u g g e s t in g  i t s  h ig h e r  

r a t e  o f p h o to -o x id a tio n  th a n  b itum en  1 and 2 ,
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ABSOBPTIOT BilKDS POR VARIOUS FUMCTIOTAIi GROUPSiiw mu #«# », > —M— -«m##-!,' « — i-##»*——MK#

P o s i t io n  o f  
a b s o rp t io n  band  
m iorona F u n c t io n a l  group

2 ,6 6  -  2 ,9 8 - O H

2 .8 8  -  3*28

3 .0  -  3 .3 - C H ^ .  - O H g

5*4 -  5 .56 0=0 (a n h y d r id e s )

5*7 "  5*9 0=0 (o a rb o n y l)

5 .7  "  5*9 A cids

5 .7  -  5 .8 P a te r s

5 .8  -  5 .9 K etones

6 ,1 7  -  6 ,3 0 0=0 (a ro m a tic )

6 ,8 5 • ^ 2

7*1 « 7 .5 - G H ^

9*71 C-0 (oarbon -oxygen )

8=0

S i-0

10 ,3 G y o lo p a ro ff in

11*48 )
) 1 ,2 ,3  and 4  H atom s i n

12*24 ) a ro m a tic  s t r u c tu r e

13.1 j
13*4 )

1 3 .3  -  13*9 -GH^ i n  p a r a f f in s  and p a r a f f in i o

s id e  c h a in s
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5 .3  -  Infra-red  spectra of white o i l s, ;#«*'*  ,' .A* II*-,T  yiw; #, I, , , 11.1 #  # 11, J, W#

A ll  w h ite  o i l  f r a c t i o n s  gave i d e n t i c a l  i n f r a - r e d  

i ^ e o t r a  (F ig u re  57) e x c e p t f o r  .a s l i g h t  v a r i a t i o n  i n  th e  a b s o ip t io n  

i n t e n s i t i e s  and a ro m a tic  c o n te n ts ,  A ll  f r a c t i o n s  were p re d o m in an tly  

p a r a f f in i o  w ith  o r  m th o u t  s l i g h t  a ro m a tic » . The i n f r a - r e d  s p e c t r a  

o f W iite  o i l s  were i d e n t i c a l  to  t h a t  o f  p u re  l i q u i d  p a r a f f in  

s u g g e s tin g  v e iy  s im i la r  s t r u c tu r e s *  1 and 4  showed l i t t l e  a ro m a tic  

co n te n t w hich was maiiced by  th e  p re se n c e  o f  r in g  v i b r a t io n  a t

6 ,25  p  and we ale a b s o ip t io n  a t  12 ,25  p  su g g e s te d  th e  p re se n c e  

of p a r a d i s u b s t i t u t i o n  ty p e  o f  a ro m a tic  r in g ^ ^ ^ ^ ) .  C h a r a c te r i s t i c  

o f s a tu r a t e d  a l i p h a t i c  hyd ro carb o n s c o n ta in in g  and -GH^-

groups were s tro n g  a b s o ip t io n  bands due to  0-H s t r e t c h in g  

v ib r a t io n s  a t  2 ,7 8  to  3#71 p ; th e r e  was a ls o  a b s o rp t io n  a t  

6 ,8 5  and 7*28 ^  due to  d e fo rm a tio n  v ib r a t io n s  o f  th e  -CHg- 

ond GH^-C g ra u p s , A s tro n g  a b s o ip t io n  band a t  1 3 ,9  p. su g g e s te d  

lo n g  p a r a f f in i o  c h a in s  o f f o u r  o r  more carbon  a tom s. The 

i n t e n s i t y  o f  t h i s  band  was i n  d e c re a s in g  o rd e r  o f 1 , 2 , 4  and 3 ,  

Longer w aveleng th  a b s o ip t io n  su g g e s te d  th e  lo n g e r  c h a in s  th a n  

a b s o ip t io n  a t  s h o r t e r  w a v e le n g th s .

The weak a b s o rp t io n  a t  1 0 ,2  ju su g g e s te d  th e  p re se n c e  

o f  sm a ll am ounts o f o y c lo p a r a f f in s .  The absence  of a b s o ip t io n  

band  a t  2 ,9 1 ,  5*88 and 9*77 7*- re g io n  su g g e s te d  th e  absence  o f  

oxygen c o n ta in in g  g ro u p s ,

5 ,3 ,1  -  I n f r a - r e d  s p e c t r a  o f t h e m a l l y  o x id is e d  ^ j^ t e  o i l s  

A ll  o x id is e d  sam ples showed i d e n t i c a l  i n f r a - r e d  s p e c t r a  

(F ig u re  57) t o  th e  u n o x id is e d  sam ples e x ce p t f o r  a  s l i g h t
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change i n  a b s o rp t io n  i n t e n s i t y .  A s l i g h t  in c r e a s e  a t  6 ,2 5  and

12 .25  ja su g g e s te d  a  s l i g h t  in c r e a s e  i n  a ro m a tic  c o n te n t  w hich  co u ld  

be a t  th e  expense  o f  c y o lo p a ra f f in s  w hich showed a d e c re a se  i n  

a b s o rp t io n  a t  1 0 ,2  ;u. A l l  showed a  d e c re a se  in  a b s o rp t io n  i n t e n s i t y  

a t  7 ,2 5  and 1 5 ,8  p. su g g e s tin g  th e  r e d u c t io n  i n  p a r a f f in i o  c h a in  

le n g th  and r e d u c t io n  i n  b ra n c h in g ,

5 ,5 .2  ”  I n f r a - r e d  s p e c t r a  o f  p h o to -o x id is e d  w h ite  o i l

P h o to -o x id is e d  t * i t e  o i l  f r a c t i o n s  sho'tved th e  fo rm a tio n  o f  

Anew band  a t  5 ,8 8  p  (F ig u re  57)*  T h is su g g e s te d  t lm t  p h o to -o x id a t io n  

form ed o a rb o n y l g roups i e i ^ d e h y d e s .  Ice to n e s  o r  a c id s  w hich were 

n o t  p r e s e n t  i n  u n o x id is e d  W rite  o i l s  and  were n o t  form ed on 

th e rm a l o x id a t io n .  The a b s o ip t io n  band  a t  1 5 ,8  ^  d e c re a se d  to  a  g r e a t e r  

e x te n t  by  p h o to -o x id a t io n  th a n  by  th e rm a l o x id a t io n .  T h is  im p lie s  

t h a t  p h o to -o x id a t io n  h as  more d e te r io r a t i n g  in f lu e n c e  on w h ite  o i l  

f r a c t i o n s  th a n  th e rm a l o x id a t io n .  The a b s o rp t io n  i n  th e  9 ,5 0  to

11 , 2  p  r e g io n  was n o t o b se rv ed  su g g e s tin g  t h a t  c y o lo a lk a n e s  were 

l o s t  on p h o to -o x id a t io n . ' On p h o to -o x id a tio n  b itum en  1 showed d e c re a se  

i n  a b s o ip t io n  a t  6 ,25  and 1 2 ,2 5  M su g g e s tin g  d e c re a se  i n  a ro m a tic  

c o n te n ts .

5 .4  -  I n f r a - r e d  s p e c t r a  o f  d a rk  oi l

I n f r a - r e d  s p e c t r a  of a H  f o u r  sam ples were i d e n t i c a l  

(F ig u re  58 ) e x c e p t f o r  a  s l i g h t  v a r i a t i o n  i n  th e  i n t e n s i t y  of 

b a n d s . A ll  w ere h ig h ly  a ro m a tic  i n  n a tu re  a s  shown by th e  

a b s o rp t io n  bands a t  6 ,2 5  and 1 1 ,5  m icron  r e g io n s ,  A ro m a tio ity  

was h ig h  i n  1 and 4  and low  i n  2 and 5 ,  A b so rp tio n  a t  2,91 m icron

108 -



/

100 , 

80

6 o

*40

20

0

1 0 0  
80

60 

ko

20

0 ^
/

1 0 0
80

60

4 0

. 20

o y ^
/

ICO 
80

60

4 o  

20

0

fRiâRED;: sRECTIA ;o f : WlRlC/.OIL-^FRAGS'Iqns; .Of: BITOMJ^B :1 , 2 , 3 #

m l" '

Dark o i l  I

.'V
r  i V

y -,

/A -

—  Unoxidispd*

—. Thermally ox id ised  

• • ' Photo - oxidised

Dark o i l  2

—  - Unoxidised

Thermally ox id ised  

Photo - ox id ised

-1-------1— ---1--     1-- U--------1---- L

Dark o i l  3

’V

Unoxidised  

Thermally ox id ised  

P hoto-oxid ised

Dark o i l  k

Unoxidised  

Thermàlly ox id ised

4 T 8 9 1 0  I I  1 2  13 14

WAVELENGTH (MICRONS)



i n  1 and  4  sh o w d  th e  p re se n c e  o f  -OH o r  -NH groups* T h is  

a b s o rp t io n  band  \iyas n o t o b se rv ed  i n  2 and 3# I n  a l l  sam ples 

a b s o ip t io n  band a t  5*88 m icron  was observed  w ith  v a ry in g  

i n t e n s i t y  su g g e s tin g  a  v a ry in g  amount o f a ld e h y d e , k e to n e  o r  

a c id s  p re s e n t*  T h is  was g r e a t e s t  i n  3 and lo w e s t i n  4 .

A b so rp tio n  a t  11*5 i s  p ro b a b ly  due to  a ro m a tic  su b ­

s t i t u t i o n ,  A b so rp tio n  a t  9*7 m icron  su g g e s ts  th e  p re se n c e  

o f  G-0, 8=0 o r  S i-O  g ro u p ,

5*4*i "  I n f r a - r e d  s p e c t r a  o f th e ra a lX y  o x id is e d  d a rk  o i l s  
( f ‘id-w .0  58)     '

On th e rm a l o x id a t io n  th e  i n f r a - r e d  s p e c t r a  o f a l l  d a rk  

o i l s  showed a  l a r g e  in c r e a s e  *in th e  a b s o rp t io n  band  i n t e n s i t y  a t  

5#98 m icron  in d ic a t in g  an in c r e a s e  i n  o a rb o n y l g roup;1  and  3 

showed a  tw o fo ld , 4  and 2 a  3Q^ in c re a s e  i n  b a n d  i n t e n s i t y  i n  t h i s  

r e g io n .  T h is  su g g e s te d  t h a t  i and 3 o x id is e d  t o  a  g r e a t e r  e x te n t  

th a n  2 and 4# The a b s o ip t io n  band i n t e n s i t y  a t  6 ,2 3  m icron  

in c re a s e d  by a  f a c t o r  o f  2 i n  o i l s  i  and 3 ,  and one and a q u a r te r  

t im e s  i n  2 and 4  su g g e s tin g  a r e s p e c t iv e  in c r e a s e  i n  a ro m a tic s#

The a b s o rp t io n  band  i n t e n s i t y  a t  9*6 m icron  in c r e a s e d  i n  a l l  o a se s  

s u g g e s t in g  in c r e a s e  in  G-0 l i n k s .  In c re a s e  i n  a b s o r p t io n  a t

1 1 ,3  m ic ro n  su g g e s te d  th e  in c r e a s e  i n  a ro m a tic  s u b s t i t u t i o n .

I t  a p p e a rs  th e n  t h a t  on th e rm a l o x id a t io n  of d a rk  o i l s  in c r e a s e  

i n  o a rb o n y l and a ro m a tic s  a re  c o n s id e ra b le .
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3*4#2 -  I n f r a - r e d  s p e c t r a  o f p h o to -o x id ia e d  dkrlc o i l s  (E ig .5 8 ) 

On p h o to -o x id a t io n  o f  d a rk  o i l  f r a c t i o n s  th e  i n f r a - r e d  

s p e c t r a  show l i t t l e  change i n  i n t e n s i t y  o f  a b s o rp t io n  bands# The 

a b s o r p t io n  band  i n t e n s i t y  a t  3*93 P- in c r e a s e d  s l i g h t l y  show ing a 

s l i g h t  in c r e a s e  i n  a ld e h y d e s , k e to n e s  o r  a c id s .  The a b s o ip t io n  

band  i n t e n s i t y  a t  6 .2 3  and 1 1 .3  p  r e g io n s  d e c re a se d  t o  a  l a r g e  

e x te n t  i n  1 and 2 and to  a l e s s e r  e x te n t  in  3 s u g g e s t in g  an 

o v e r a l l  d e c re a s e  i n  a ro m a tic  c o n te n t  on p h o to -o x id a tio n *  A b so rp tio n  

a t  2 .9 3  p  was o b se rv ed  in  a l l  o i l s  s u g g e s tirg  th e  fo rm a tio n  o f 

hydro% yl groups* T hus, on -w ea th e rin g ,d a rk  o i l s  sho\7ed in c r e a s e  

i n  h y d ro x y l and o a rb o n y l g roups and d e c re a se  i n  a ro m a tic  c o n te n ts .  

5»5 -  I n f r a - r e d  s p e c t r a  o f  r e s i n s  ( f l g u ^  g9 )

A l l  r e s i n  sam ples show a b s o rp t io n  a t  2 ,9 3  m icron  

su g g e s tin g  th e  p re se n c e  o f  -OH o r  -NH group* 1 and  4  showed 

h ig h e r  a b s o rp t io n  in  t h i s  r e g io n .  A ll  showed s t ro n g  a b s o rp t io n  

bands a t  3*83 m icron  s u g g e s t in g  h ig h  a c i d i t y  o r  h ig h  i n  a ld eh y d es  

o r  k e to n e s .  Each spectrum  shov;ed d i s t i n c t  6 ,2 3  m icron  a b s o rp t io n  

band td iioh  -was h ig h e s t  i n  1 and lo w e s t in  2 c o n firm in g  th e  

a ro m a tic  c h a r a c t e r  o f  r e s i n s .  R e s in s  were s l i g h t l y  more a ro m atic  

th a n  d a rk  o i l s  a c c o rd in g  t o  th e  i n t e n s i t y  o f  a b s o ip t io n  band 

a t  6 ,2 3  and 1 1 ,3  m icron  r e g io n .  T h is  i s  i n  ag reem ent w ith  

S te w a rt * 3̂ "̂  vie-ws. A ll  showed th e  same a b s o rp t io n  i n t e n s i t y  

a t  9 .7  m icron  su g g e s tin g  e q u a l amount o f 0 -0 , S=0 o r  S i -0  g ro u p . 

A b so rp tio n  b ands o f  medium i n t e n s i t y  a t  3 .4 0 ,  6 ,8 2  and 7*2 m icron  

r e g io n  su g g e s te d  th e  p re s e n c e  o f a l i p h a t i c  c h a in s ,
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5*5*1 “  InT ra-^red a p e o tr a  o f  th e rm a l ly  o x id ia e d  « e a in a  

On th e rm a l o x id a t io n ,  r e s i n s  2 , 3 and 4  showed th e  

o a rb o n y l a b s o lu t io n  band i n t e n s i t y  a t  5*85 r e g io n  too;pec«ed 

to  a  l a r g e r  e x te n t  # i e r e a s  1 showed l i t t l e  change # The 6*25 n 

a ro m a tic  a b s o rp t io n  band  in o re a s e d  s l i g h t l y  i n  ^ and  a  l i t t l e  

more i n  2 , 3 and 4* S l ig h t  in c r e a s e  i n  a b s o rp t io n  a t  1 1 .5  

and 12*2 i n d ic a t e s  in o re a s e  i n  a ro m a tic  s u b s t i t u t i o n ,  A 

s l i g l i t  in o r e a s e  a t  2*95 m icron  a ls o  su g g e s ts  in c r e a s e  i n  -OH o r  

-NH group*

5*5*2 -  I n f r a - r e d  g p e c tr a  o f p h o to -o x id ia e d  r e s i n  f r a c t i o n s  

The i n f r a - r e d  ^ e c t r a  showed an in c r e a s e  i n  a b s o rp t io n  

i n t e n s i t y  a t  5*85 m icron  su g g e s tin g  in o re a s e  i n  a ld e h y d e s , k e to n e s  

a n d /o r  a c id  g ro u p , 3 showed g r e a t e r  a b s o rp t io n  th a n  o th e r s  in  t h i s

re g io n  in d ic a t i n g  g r e a t e r  o x id a t io n .  O ther bands a t  9*7 m icron

was u n a l t e r e d ,  shows no change to o k  p la o e  i n  0-0 l i n k s ,  A  s l i g h t  

in o re a s e  a t  6*25 and 1 1 ,5  m icron  ob serv ed  i n  a l l  o a se s  showed 

in c r e a s e  a ro m a tic  c o n te n t*  A b so rp tio n  a t  2 ,9 5  a ls o  showed 

in o r e a s e ,  su g g e s tin g  an in c r e a s e  i n  h y d ro x y l g ro u p . A b so rp tio n  

d e o re a se d  a t  13*8 m icron  su g g e s tin g  th e  in o re a s e  i n  a ro m a tic s  

a t  th e  c o s t  o f  p a r a f f in ie s *

5*6 -  I n f r a - r e d  s p e c t r a  o f asphalt<^nea ( f ig u r e  6 o )

A ll  u n o x id is e d  a s p j ia l te n e s  gave a b s o r p t io n  bands

a t  2*85 end 5*85 p  r e g io n  su g g e s tin g  th e  p re s e n c e  o f  -OH

o r  -NH g roups and o a rb o n y l groups* A ll  showed a b s o ip t io n  

o f  h ig h  i n t e n s i t y  a t  6*25 y- and low  i n t e n s i t y  a b s o r p t io n  a t  

11*5, 12*2 and 13*3 ju re g io n  su g g e s tin g  th e  h ig h  a ro m a tic
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c h a r a c te r  o f  a s p h a l te n e s .  A b so rp tio n  bands o f  medium i n t e n s i t y

a t  3 «40, 6 .8 2 ,  7 .2  and 13*8 p. su g g e s t th e  p re se n c e  o f  a l i p h a t i c

f 139)g ro u p s , Boyd and Montgomery^ ^  u se d  i n f r a - r e d  a n a ly s i s  f o r  

d e te rm in in g  th e  m ethy l and m ethy lene  g roups p r e s e n t  i n

a s p h a l te n e s  and r e s i n s  u s in g  7 .2 8 ,  3*42 and  3*50 p  r e g io n .  They

a ls o  u se d  a b s o rp t io n  a t  6 ,2 5  m icron  to  d e te rm in e  th e  a ro m a tio ity *  

C on sid erin g  and com paring th e  absoip> tion band i n t e n s i t y  a t  

6 ,2 5  m icron  w ith  o th e r s  a t  3*40, 6 .8 2 , 7*2 , 13*8 i t  c o u ld  be

co n c lu d ed  t h a t  a s p h a l te n e s  a re  h ig h ly  a ro m a tic  i n  n a tu r e .  3 showed

an a b s o rp t io n  band  a t  9*7 s u g g e s t in g  th e  p re se n c e  of G-0, 3=0 o r 

5 i - 0 ,  T h is  band was n o t  o b se rv ed  i n  o th e r s ,

5*6,1 -  I n f r a - r e d  s p e c t r a  o f  th e rm a l ly  o x id is e d  a s p h a l te n e s  

On th e rm a l o x id a t io n  each  a s p h a l te n e  f r a c t i o n  showed 

in c r e a s e  i n  o a rb o n y l and -OH g roups by th e  in o r e a s e  i n  a b so ip )tio n  

a t  5 .8 8  and 2 ,9  p .  The a b s o rp t io n  band  a t  13*8 p  d e o re a se d  

s l i g h t l y  i n  i n t e n s i t y  i n  a l l  sam ples s u g g e s tin g  a  d e c re a se  in  

p a r a f f in i o  c h a in  l e n g th .  T here was a  s l i g h t  in c r e a s e  i n  

a b s o ip t io n  a t  1 2 .2  pt su g g e s tin g  an in c r e a s e  i n  a ro m a tic  s u b s t i t u t i o n .  

T hus, i t  c o u ld  be  co n c lu d ed  t h a t  on th e rm a l o x id a t io n  th e  

o a rb o n y l (a ld e h y d e , k e to n e  o r  a c id )  and h y d ro x y l g ro u p s in c r e a s e d  

a t  th e  expense  o f  p a r a f f in i o  c h a in  le n g th ,

5 * 6 ,2  -  I n f r a - r e d  s p e c t r a  o f  p h o to -o x id is e d  a s p h a l te n e

I n f r a - r e d  s p e c t r a  showed l i t t l e  d i f f e r e n c e  i n  a b s o ip t io n  

i n t e n s i t i e s  on p h o to -o x id a t io n  o f  a s p h a l te n e s ,  A b so ip tio n  

in c r e a s e d  s l i g h t l y  a t  2 ,9 ,  5*85, 6 ,2 5  and 1 2 ,2  p  su g g e s tin g  in o re a s e  

i n  OH, G=0, a ro m a tic  and a ro m a tic  s u b s t i t u t e d  r i n g s .  A b so rp tio n  

d e o re a se d  s l i g h t l y  a t  1 3 .8  showing a  s l i g h t  d e c re a s e  i n
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p a r a f f i n i o  g ro u p  c o n te n t .

T hus, on p h o to -o x id a t io n  a s p h a l te n e s  showed l i t t l e  

in c r e a s e  o f  OH, 0=0 and a ro m a tic s*

5*7 “  D is c u s s io n

E x am in a tio n  o f  th e  o r i g i n a l  p e tro leu m  b itu m e n s  and 

T r in id a d  Lake A su lia lt by  in f r a .- r e d  s p e c tro sc o p y  h a s  in d ic a te d  

t h a t  s im i l a r  s t r u c t u r a l  g roups o ccu r in  a l l  th e  b itu m e n s  u se d , 

a lth o u g h  th e  am ounts may vary* P e tro leu m  b itu m en s a re  more a ro m a tic
I

i n  c h a r a c te r  and p o s s e s s  lo n g  p a r a f f in i o  c h a in s  w h ereas Lake A sp h a lt 

would a p p ea r t o  have  h e a v i ly  b ran c h ed  c h a in s  a t ta c h e d  to  a l e s s  

a ro m a tic  s t r u c t u r e .  A no ther d i f f e r e n c e  in  th e  h ig h e r  c o n te n t  o f  

c a rb o n y l g ro u p s  (p lu s  C -0, S*0 o r  S i-0  g ro u p s)  i n  L ak eA sp h a lt, 

w h ile  th e  p e tro leu m  b itu m en s g iv e  in d ic a t io n s  o f  h a v in g  h ig h e r  

am ounts o f  OH and Mi g ro u p s .

On b o th  th e rm a l and p h o to -o x id a tio n  a l l  t h e  b itu m en s 

s tu d ie d  showed an  in c r e a s e  i n  a ro tn a tio  c o n te n t ,  c a rb o n y l and 

h y d ro x y l g ro u p s , w ith  th e  Lake A sp h a lt g iv in g  a  g r e a t e r  in c r e a s e  

in  c a rb o n y l g ro u p s  th a n  th e  o t h e r s ,  i n  agreem ent w ith  i t s  h ig h e r  

r a t e  o f  o x id a t io n ,  M artin^^^^^  h a s  su g g e s te d  t h a t  h y d ro ca rb o n  

com plexes c o n ta in in g  h ig ii ly  b ran c h ed  c h a in  s t r u c t u r e s ,  oxygenated  

g ro u p s and n a p h th e n e s  a re  l i k e l y  to  b e  most a f f e c t e d  by w e a th e r in g . 

T h is  I s  In  a c c o rd  w ith  th e  h ig h e r  r e a c t i v i t y  o f  T r in id a d  Lake A s p h a lt ,  

The v a r io u s  f r a c t i o n s  w ere a ls o  exam ined by i n f r a - r e d  

s p e c tro s c o p y , b e fo re  and a f t e r  th e rm a l and p h o to - o x id a t io n .  The 

r e s u l t s  o b ta in e d  a re  o u t l in e d  a s  fo l lo w s ^ -
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White o i l  f r a c t io n s .  These fr a c t io n s  were predom inantly  

p a ra ffin !o -n a p h th en ic  in  a l l  c a s e s , w ith  o c c a s io n a lly  a tr a c e  

o f  arom atic m a ter ia l r e ta in e d .

Thermal o x id a tio n  appears to  have caused form ation  o f  a 

sm all amount o f  arom atics w ith  d ecrease  in  naphthenes and len g th  

o f  p a r a f f in io  ch a in . On p h o to -o x id a tio n  oarbonyl groups were 

formed w ith  more severe  l o s s  o f  naphthenes and p a r a f f in io  c h a in s , 

su g g estin g  more e x te n s iv e  d e te r io r a t io n  o f  t h i s  form ation  in  the  

p resen ce o f  u l t r a - v io l e t  l i g h t .

Dark o i l  f r a c t io n s  o f  a l l  the bitum ens in d ic a te d  a high  

arom atic ch a ra cter  and th e  presen ce  o f  oarbonyl, hydroxyl and 

-DH groups. Thermal o x id a tio n  produced an in c r e a se  in  carbonyl 

groups v/ith  in c r e a se  in  arom atic c o n te n t , w h ile  p h o to -o x id a tio n  

showed in c r e a se  in  carbonyl and hydroxyl groups w ith  d ecrease  in  

aro m a tics ,

R esin  f r a c t io n s  in  a l l  c a se s  gave in d ic a t io n s  o f  h yd roxy l, 

oarbonyl and -M  groups in  a h ig h ly  arom atic s tr u c tu r e .

S u g g estio n s were th a t  C-0 and 8=0 or SiO were a ls o  p r e se n t .

On both therm al and p h o to -o x id a tio n  oarbonyl and liydroxy 1 

con ten t in c re a se d  as did arom atic p ercen ta g e . P h o to -o x id a tio n  a lso  

reduced the amount o f  p a r a f f in io  c h a in s ,

A sp h a lten es o f  a l l  th e  bitum ens were h ig h ly  arom atic in  natu re  

w ith  s tr u c tu r a l groups s im ila r  to  th e  r e s in  f r a c t io n s .  Both 

 ̂dark * and ^ lig h t * o x id a tio n  produced an in c r e a se  in  carbonyl 

and hydroxyl groups and a d ecrease  in  p a r a f f in io  co n ten t.
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A DISCUSSION

The a n a ly t ic a l  tech n iq u es d e sc r ib e !  in  Chapter 2  

o f  the t h e s i s  p rov id es th e  b a s is  fo r  the gen era l c h a r a c te r isa t io n  o f  

bitum ens and th e ir  fr a c t io n s  from d if f e r e n t  so u r c e s . The composi­

t io n s  o f  var iou s petroleum  bitumons and o f  T rin idad Lako A sphalt 

d if fe r e d  con sid orab lo  and the bitumens should? th e r e fo r e , behave 

d i f f e r e n t ly  under \/ca th er in g  c o n d it io n s , T rin idad Lake A sphalt 

con ta in ed  more than t v io e  th e  amount o f  a sp h a lten o s than did the  

petroleum  bitum ens. Chromatographic sep a ra tio n  by th e  m odified  

K leinsohm idt tech n iq u e gave good r e p e a ta b i l i t y  and th e  method i s  

u s e fu l  fo r  sim ple fr a c t io n a t io n .

A n a ly s is  by n u clear  m agnetic resonance gave an in d ic a t io n  

o f  th e  d i f f e r e n t  typ es o f  th e  hydrogen d is t r ib u t io n  in  bitumens and 

th e ir  fr a c t io n s  and su ggested  th a t th e  w h ite  o i l  f r a c t io n  o f  a l l  

bitum ens was p a ra ffin ic -n a p h th o n ic  in  ch aracter  w ith  s tr a ig h t  or 

h e a v ily  branched c h a in s . The dark o i l  f r a c t io n  con ta in ed  s l i g h t l y  

more arom atic Ip^alrogen than the r e s in  fr a c tio n ?  w h ils t  the asp h a lten e  

f r a c t io n  was d i f f i c u l t  to  ouialyse due to  i t s  param agnetic p r o p e r tie s .  

In fr a -r e d  a n a ly s is  o f  petroleum  bitum ens and T,L,A, 

in d ic a ted  th e  presen ce o f  s im ila r  s t r u c ù ’r a l  groups in  varyin g  

amounts. Petroleum  bitum ens wore s l i g h t l y  more arom atic than  

T,L,A« and p ossessed  long p a r a f f in ic  ch a in s w ith  l i t t l e  brranching? 

whereas T,L„A, con ta in ed  short? h e a v ily  branched c h a in s . Other 

n otab le  d if f e r e n c e s  between th e  bitumen typos was th a t T,L.A. 

conta ined  h igh er amounts o f  carbonyl and C-0? S=0 or Si-O
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groups and l e s s  OH or NH groups than th e  petroleum  bitum ens.

The w h ite  o i l  f r a c t io n  o f  both th e  typos o f  bitumons showed 

p a r a ffin ic -n a p h th en io  c h a r a c te r is t ic s  w ith  or w ithou t arom atics  

b e in g  p r e se n t .

The I.E c spectrum o f  w h ite  o i l  compared w ith  th a t fo r  

pure liq u id  p a ra ffin ?  su ggested  id e n t ic a l  s tr u c tu r e s .  The dark 

o i l  f r a c t io n  from a l l  the bitum ens had high  arom atic co n ten ts  and 

a co n sid era b le  amount o f  hydroxyl and carbonyl groups, R esin s  

a ls o  were h ig h ly  arom atic and con ta ined  g r e a te r  amounts o f  

hydroxyl and carboLiyl groups as w e ll  a s  in d ic a t in g  the presen ce  

o f  C~0? S=0 or S i—0 .

A sphaltnnes were h ig h ly  arom atic w ith  hydroxyl and carbonyl

groups,

A sph altenos from ToL.A, in  a d d itio n  to  the above groups 

showed th e  presen ce o f  h igh  amounts o f C-0? 8=0?or S i-0  groups.

A ll  th e  f r a c t io n s  and bitum ens on o x id a tio n  gave in fr a -r e d  ab sorp tion  

bands a t 2,9? 5-^8? 6 , 25? 9*7? 10.3? 11 .5  and 1 3 ,8  micron r eg io n s  

su g g es tin g  changes in  co n cen tra tio n  o f  hydroxyl? carbonyl?  

arom atics? C-0 (8=0 or Si-O ) c y c lo p a r a if in s?  arom atic s u b s t itu t io n  

and p a r a f f in ic  ch a in s r e s p e c t iv e ly .  These changes were observed  

to  a g r ea ter  e x te n t  in  T .L.A , than petroleum  bitum ens confirm ing  

th a t  the former was more e a s i ly o x id is e d .

Sulphur determ in ation  by a m odified  bomb method gave  

good r e p e a t a b i l i t y  and average v a lu e s  in d ic a te d  th a t  a sp h a lten es  

con ta ined  the la r g e s t  amount o f  sulphur (5*47^) w ith  the w h ite  

o i l s  havin g  th e  low est con ten t ( 1.44)^), Dark o i l s  showed a h igh er
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average sulphur ( 4 ,33)^) con ten t than the r e s in s  (3 ,68 fo ), Trinidad  

Lake A sphalt had a h igh er  percentage o f  sulphur ( 4 »73/0  than the  

average, sulphur c o n ten ts  o f  petroleum  bitum ens ( 3 . 86^^, Romberg
( 132)e t  a l  a ls o  found th e  h ig h e s t  co n cen tra tio n  o f  sulphur in  the

a s p h a lt ic  f r a c t io n s  and th e  low est in  the p a r a f f in ic  fr a c t io n s  o f  

bitum ens. The r e la t io n s h ip  o f  sulphur contont to  th e  r e a c t iv i t y  

o f  th e  bitum ens and th o ir  f r a c t io n s  i s  n ot e a s i ly  understood.

The w h ite  o i l  f r a c t io n  co n ta in in g  a low amount o f  sulphur gave 

low r a to s  o f  o x id a t io n s  in  the dark and h igh  r a te s  in  the presence  

o f  u l t r a - v io l e t  l i g h t .  On the o th er  hand? a sp h a lten es  c o n ta in in g  

a h igh  amount o f  sulphur? were very  r e a c t iv e  in  dark o x id a tio n  

but l e s s  so in  th e  p resen ce  o f  u l t r a - v io l e t  l i g h t ,

had shown th a t sulphur compounds in  m ineral 

o i l s  had a r e ta r d in g  e f f e c t  on o x id a tio n  r a te s  bu t t h i s  in h ib it in g  

e f f e c t  was ap p rec ia b ly  reduced by the presence o f  arom atics?  

p a r t ic u la r ly  th e  mononuclear ty p e . The in d iv id u a l fr a c t io n s  

o f  th e  bitum ens are o f  such complex s tr u c tu r e  th a t  th e  in f lu e n c e  

o f  sulphur on r e a c t iv i t y  cou ld  not e a s i ly  be stu d ied  in  any s p e c i f ic  

manner a s  i t  would have in v o lv ed  a study o f  th e  o x id a t io n  o f  model 

compounds.

The th e rm a l  o x id a t io n  method (C h ap te r  3 ) i s  a r a p id  

method o f  m easu rin g  th o  oxygen abso rbed  by sm a ll  amounts o f  

b itum ons and t h o i r  f r a c t i o n s .  The r e a c t i v i t i e s  shown by th e  

f r a c t i o n s  wore i n  th e  d e c r e a s in g  o rd e r  o f  a s p h a l t e n e s ,  r o s in s ?  

da rk  o i l  and w h i te  o i l ,
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(25)Thurston and Knowlos ^  have a ls o  in d ic a te d  a sp h a lten es  

o x id ise d  most r e a d ily  and o i l s  were most r e s i s t a n t  in  dark 

c o n d it io n s , T rin idad Lake A sphalt c o n ta in in g  a much h igh er  

prop ortion  o f  a sp h a ltn e s  than th e  petroleum  bitum ens s tu d ied  and 

in  view  o f  tho f a c t  th a t a sp h a lten es  are so r e a c t iv e  i t  can bo 

su ggested  a s  a sim ple exp lan ation  th at Lake A sph alt i s  more 

r e a c t iv o  duo to  i t s  h igh er  asp h a lten e  com p osition .

The th e o r e t ic a l  r a te s  o f  o x id a tio n  o f  th e  var iou s  

bitum ens c a lc u la te d  from th e in d iv id u a l r a te s  o f  o x id a tio n  

o f  th e ir  f r a c t io n s  agreed w e ll w ith  the observed r a te s?  except  

fo r  Bitumen 1, T his could be p o s s ib ly  due to  th e  presence o f  a 

h igh  amount o f  th e  low r e a c t iv i t y  w h ite  o i l  p rov id in g  a s y n e r g is t ic  

e f f e c t  on th e  o x id a tio n  o f  th e  hydrocarbon com plex. I t  i s  

su r p r is in g  th a t  th e o r e t ic a l  and observed r a te s  are in  such good 

agreement a s  i t  might have been expected  th a t a more in h ib it in g  

or a c c e le r a t in g  e f f e c t  would have boon evident* The e f f e c t  o f  

tem perature on th e  therm al o x id a tio n  r a te s  o f  bitum ens and fr a c t io n s  

th a t fo r  every  10 C r i s o  in  r e a c t io n  tem perature? the  

r e a c t io n  r a te  doubled,

A k in e t ic  stu dy o f the o x id a tio n  o f  bitum ens in  th e  

dark had shown th a t  Trinidad Lake A sphalt was a m odcratoly r e a c t iv e  

bitumen w ith  an o v e r a ll  a c t iv a t io n  energy o f  13 .97  k .c a ls /m o le  w ith  

th e  petroleum  bitumons o f  low r e a c t iv i t y  having o v o r a ll  a c t iv a t io n  

e n e r g ie s  rangi.ng from 14*85 to  17 ,60  k .c a ls /m o le *  Bitumens o f  

moderate r e a c t iv i t y  are con sid ered  to  bo most s u ita b le  fo r  road

( 12)b in d ers and t h i s  had been confirm ed in  f u l l - s c a l e  road
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( 11 14)experim ents^  ̂ • Bitumens o f  low r e a c t iv i t y  can be m odified  to

tho d e s ir e d  r e a c t iv i t y  by e ith e r  b len d in g  w ith  s u ita b le  bitum ens 

or bitum inous f r a c t io n s .

The p h o to -o x id a tio n  tech n iq u e was developed  to  study

( i )  th e  r a te s  o f  oxygen uptake? ( i i )  the r a to s  o f  form ation  o f  w ater  

so lu b le  degrad ation  products and ( i i i )  typ e o f  o x id a tio n  sk in  form ed. 

Samples exposed to  u , v .  r a d ia t io n  were th in  f i lm s  o f  bitumens? 

sy n th e t ic  bitumens? m odified  bitum ens w ith  p h o t o - s e n s it is e r s  and 

bitumen f r a c t io n s .  P h o to -o x id a tio n  o f  Lake A sphalt gave a h igh er  

r a te  o f  oxygen uptake (4*75 10  ̂ oc/cm ^/hr) than petroleum

bitum ens 1 ( 4,25  z  10  ̂ cc/om ^/hr) and 2 (3«75 ^ 10  ̂ cc/om ^/hr.

Tho n a tu ra l a sp h a lt  a ls o  gave h igh er form ation r a te s  o f w ater so lu b le  

products ( 3,25  X 10  ̂ mg/cm^/hr) than petroleum  bitum ens 1 (2 .75  %

10  ̂ rag/om^/hr) and 2 (2 ,62  x 10  ̂ m g/cm ^/hr). T rin idad Lake 

A sphalt developed a d u ll?  rough sk in  w ith  a network o f  h a ir  checks  

w h ils t  petroleum  bitum ens had a b r ig h te r  and s l i g h t l y  wavy sk in  

w ith  a network o f  broader ch eck s. Those r e s u l t s  confirm  th a t T.L.A,  

i s  more r e a c t iv e  than the petroleum  bitum ens under th e  in f lu e n c e  o f  

oxygen and l i g h t .

The p h o to -o x id a tio n  o f  bitumen fr a c t io n s  showed the w h ite

011 fr a c t io n  to  be the most r e a c t iv e  fr a c t io n  w ith  an average oxygen 

uptake o f  7*85 ^ 10  ̂ cc/om ^/hr w ith  the dark o i l  f r a c t io n  l e a s t  

r e a c t iv e  a t an average uptake o f  1,85 x 10  ̂ oc/cm ^/hr. T his  

in d ic a te s  th a t th e  p a r a ffin ic -n a p h th e n ic  w h ite  o i l  f r a c t io n

would d ecrease  r e s is ta n c e  to  w eathering and th e  arom atic dark 

o i l  f r a c t io n  would tend  to  in c r e a se  the weather r e s i s ta n c e ,
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S im ila r  o b s e rv a t io n s  w ere made by  T h u rs to n  and K n o w l e s ^ a n d  

C o rb e tt  and Sw arbriok^^^^ • M a r t i n ^ s h o w e d  t h a t  loydrooarbons 

w ith  a ro m a tic  g roups? h ig h ly  b ran ch ed  c h a in  s t r u c tu r e s ?  oxygenated  

g ro u p s and a ls o  c y c lo p a r a i f in s  wore most r e a c t i v e .  I n f r a - r o d  

a n a ly s i s  showed Laloe A sp h a lt to  be a ro m a tic  w ith  o x y g e n -c o n ta in in g  

g ro u p s such a s  c a rb o n y l (a c id s?  e s te r s ?  a ld e h y d e s  o r  k e to n e s )  and 

C-0? 8=0 o r S i-0  g ro u p s . I n d ic a t io n s  were a ls o  p re s e n t  o f  h e a v i ly  

b ranched  p a r a f f i n i c  c h a in s .  These would a p p ea r to  be some o f  th e  

f a c t o r s  r e s p o n s ib le  f o r  th e  h ig h  r e a c t i v i t y  to  oxygen o f  Lake 

A s p h a l t •

An in v e s t i g a t i o n  o f  th e  p h o to -o x id a tio n  o f  a  s e r i e s  o f  

s y n th e t ic  b itu m en s produced  by com bining p r e v io u s ly  s e p a ra te d  

a s p h a l te n e s  and m alt enos in  v a ry in g  p ro p o r t io n s  produced  some 

i n t e r e s t i n g  r e s u l t s .

I t  was found  t h a t  th e  r a t e  o f  oxygen u p ta k e  and o f  

fo rm a tio n  o f  w a te r  s o lu b le  p ro d u c ts  in c re a se d ?  up to  15$ 

a s p h a l te n e s  in  th o  c a se  o f  tho  p e tro leu m  b itum ens and up to  

45/^ a s p h a l te n o s  f o r  Lalce A s p h a lt ,  In c re a s e  in  a s p h a l te n e  c o n te n t  

up to  and beyond tho  n a tu r a l  c o n to n ts  produced a  d e c re a s e  in  b o th  

r a t e s ,  T liis may be  due to  any o f  th e  fo llo w in g  reasons?.

( i )  in c r e a s e  in  v i s c o s i ty  o f b itum en w ith  a d d i t io n  

o f  a s p h a l te n e s

( i i )  change in  i n t e r n a l  s t r u c tu r e  

( i i i )  a s p h a l te n e s  i n  e x ce ss  a c t in g  a s  a n t io x id a n t s  

( i v )  fo rm a tio n  o f a  h a rd  s k in  on o x id a t io n  p re v e n tin g  

d i f f u s i o n  o f  oxygen,
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In  a l l  c a s e s  fo rm a tio n  o f  w a te r  s o lu b le  p ro d u c ts  

in c re a s e d  w ith  ox^^gen u p ta k e . C arbonyl and h y d ro x y l g roups w ere 

found  to  be p r e s e n t  in  th e  a c id ic  oxygenated  p ro d u c ts .

P h o to -o x id a t io n  o f  Model b itum ens c o n ta in in g  v a ry in g  

am ounts o f  p h o t o - s e n s i t i s e r s  such  a s  a n th ra c e n e ?  a n th ra c e n e  o i l ,  

a n e th o le ,  eugeno l?  s a f r o lo .a n d  d i - t e r t ,  b u ty l  p e ro x id e  was s tu d ie d .

The r a t e s  o f  oxygen u p ta k e  and w a te r  s o lu b le s  in c r e a s e d  p r o p o r t io n a l ly  

to  th e  amount o f  p h o t o - s e n s i t i s e r s  added to  th e  b itu m en . The 

d e c re a s in g  o rd e r  o f  p h o to -o x id a tio n  r a t e s  a r e  i n  th o  o rd e r  d i - t e r t ,  

b u ty l  p e ro x id e , a n th r a c e n e ,a n e th o le ,  s a f r o lo  and a n th ra c e n e  o i l .

The o x id a t io n  s k in  form ed by th e s e  b itu m en s p lu s  a d d i t iv e s  v a r ie d  

from  b r i g h t  smooth to  d u l l  and rough  depend ing  on th e  amount o f  

photo***seneitisc^s u se d . W ith a  h ig h  p e rc e n ta g e  (^fô) o f  th e s e  

a d d i t i v e s  th e  f i lm s  gave a d u l l ,  rongh s u r f a c e  s im i la r  to  th o se  

p roduced  by T .L .A , S k in  fo rm a tio n  i s  p ro b ab ly  im p o rta n t from 

th e  v iew p o in t o f  ro a d  s u r f a c in g s  in  t h a t  i t  in f lu e n c e s  th e  f i n a l  

b itum en  s u r f a c e  t e x t u r e ,  e i t h e r  d i r e c t l y  by p ro d u c in g  a rough  

s u r f a c e  o r  i n d i r e c t l y  by b e in g  ab rad ed  by t r a f f i c  to  expose a g g re g a te . 

A n th racen e  o i l  i s  f a i r l y  cheap and e a s i l y  a v a i l a b l e  from  c o a l t a r  

d i s t i l l a t i o n  and c o u ld  be used  e f f e c t i v e l y  to  f l u x  a h a rd  b itum en  

t o  a r e q u i r e d  g ra d e  and produce s k i d - r e s i s t a n t  p r o p e r t i e s .  The 

u se  o f  o th e r  p h o t o - s e n s i t i s e r s  to  p roduce th e  same e f f e c t  would 

b e  uneconom ical b e ca u se  o f  t h e i r  h i ^  c o s t .
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7 . SUGGESTIONS FOR FUTURE WORE

In  th o  p re s e n t  work i t  was no t p o s s ib le  to  exam ine

c e r t a i n  i n t e r e s t i n g  a s p e c ts  and i t  i s  c o n s id e re d  w o rth w h ile

to  e x ten d  t h i s  i n v e s t i g a t i o n  a s  fo l lo w s ^ -

(1 ) F u r th e r  f r a c t i o n a t i o n  o f  d a rk  o i l s ?  r o s i n s  and a s p h a l te n o s  

i n to  mono-? d i -  and t r i - n u c l e a r  a ro m a tic  r i n g s  em ploying 

ch ro m a to g rap h ic  te c h n iq u e s .  D e te rm in a tio n  o f  m o le cu la r 

w e igh t?  f u n o t io im l  g ro u p s by I .R .?  hydrogen  d i s t r i b u t i o n  

by N,M,R, auid e le m e n ta l a n a l y s i s .  T h is  s tu d y  sh o u ld  be 

ex tended  to  u n o x id ise d ?  th e rm a l ly  and p h o to -o x id is e d  

b itu m en s and f r a c t i o n s ,

( 2 ) D e te rm in a tio n  o f  v i s c o s i t y  o f  b itum ens and f r a c t i o n s  b e fo re  

and a f t e r  o x id a t io n  u s in g  a m ic ro f ilm  s l i d i n g  p l a t e  

v is c o m e te r ,

( 3 ) The p h o to -o x id a t io n  o f  b itu m e n /san d  m ix tu re s  in c lu d in g  

s u r f a c e  t e x t u r e  m easurem ents b e fo re  and a f t e r  o x id a t io n ,

( 4 ) The ch em ica l co m p o s itio n  o f  w a te r  s o lu b le  d e g ra d a t io n  

p ro d u c ts  o f  p h o to -o x id is e d  b itum ens and f r a c t i o n s  em ploying 

loRo? NcM,Ro a n a ly s i s  and t h in  la y e r  ch ro m atog raphy ,

( 5 ) '^he e f f e c t  o f  add ing  a s p h a l te n e s  from  p e tro le u m  b itu m en s to  

Lake A sp h a lt m a lten e s  to  i n v e s t i g a t e  th o  p o s s ib le  in c re a s e d  

s u s c e p t i b i l i t y  to  o x id a t io n .
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