
CHAPTER III
E X P E R I M E N T A L

3 .1  M a t e r ia ls

3 .1 .1  C r u d e  O il
A s p h a lte n e  e x tr a c te d  fr o m  cr u d e  o i l  A 1  and  K 1 p r o v id e  b y  o i l  c o m p a n ie s  

w e r e  u s e d  in  th is  w o r k . T h e ir  e le m e n ta l  a n a ly s is  d a ta  are p r o v id e d  in  T a b le  3 .1

T a b le  3 .1  E le m e n ta l  a n a ly s is  o f  A 1 and K 1 a s p h a lte n e s
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K1 8 4 .2 5 6 .36 1.29 1.91 4.5 0.91 185 571

A1 81 .5 7 .79 1.05 2.21 7.2 1.15 152 4 7 9

3.1.-2 S o lv e n t s
- T o lu e n e  9 9 .1  % p u r ity  fr o m  F is h e r  S c ie n t i f ic
- N -h e p ta n e  9 9 .1  % p u r ity

T a b le  3 .2  P h y s ic a l  p r o p e r t ie s  o f  n -H e p ta n e  p r e c ip ita n t  at r o o m  tem p era tu r e

P ro p er tie s O il A
S o lv e n t n -h e p ta n e
D e n s i t y  (g /m l) 0 .6 7 9 0
V i s c o s i t y  (c P ) 0 .3 8 6
S o lu b i l i t y  p a ra m eter  ( M P a l/2) 15.3
P u r ity 9 9 .9  %
S o u r c e F is h e r  S c ie n t i f ic
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3 .2  E q u i p m e n t

3 .2 .1  O p tic a l m ic r o s c o p e
A n  o p t ic a l  m ic r o s c o p e  fro m  N ik o n  (m o d e l:  E c l ip s e  E 6 0 0 )  w ith  4 0 x  

o b j e c t iv e  le n s  and 1 0 x  e y e p ie c e  w a s  u se d  to  d e te c t  a p p ea ra n ce  o f  0 .5  m ic r o n - s iz e d  

c lu s te r s  o f  a s p h a lte n e s .
3 .2 .2  C a m era

A  C a m e r a  fo rm  N ik o n  D S - F i2  w a s  u s e d  fo r  s h o o t in g  im a g e s  o f f  fro m  
o p t ic a l  m ic r o s c o p e .

3 .2 .3  U ltr a c e n tr ifu g e
T h e  S o r v a l l  L e g e n d  X I R  c e n tr ifu g e  fr o m  T h erm a l S c ie n t i f ic  w a s  u s e d  

to  s e p a r a te  p r e c ip ita te d  a s p h a lte n e s  in  fr a c t io n a tio n  e x p e r im e n t.
3 .2 .4  M ic r o c e n tr ifu g e

A n  E p p e n d o r f  m ic r o c e n tr if i lg e  M o d e l  5 4 1 8  w a s  u s e d  to  s e p a r a te  sm a ll  
q u a n t ity  o f  a sp h a lte n e s  p r e c ip ita te d  fr o m  s o lu t io n  a s  a fu n c tio n  o f  tim e .

3 .2 .5  S y r in g e  p u m p
A  p r e c ip ita n t , n -h e p ta n e , w a s  a d d ed  in to  m o d e l m ix tu r e  at f ix e d  f lo w  

rate  u s in g  H ard vard  a p p a ra tu s  2 2  in  o rd er  to  o b ta in  h e p ta n e - to lu e n e  s o lu t io n s  
p e r fo r m e d  in  m ic r o s c o p y  e x p e r im e n t .

3 .2 .6  S c a le
T h e  M e tt le r  T o le d o  X S 2 0 4  s c a le  w a s  u s e d  to  p r ep a re  m o d e l  s o lu t io n s .

3 .2 .7  S o n ic a to r
T h e  5 5 1 0  B r a n so n  s o n ic a to r  w a s  u s e d  in  m o d e l m ix t u r e  p r e p a r a tio n  in  

o rd e r  to  b rea k  a s p h a lte n e  p a r t ic le s  and  p r o v id e  c o m p le t e  d is s o lu t io n  in  s o lv e n t .

3.3 Software

3 .3 .1  N I S - E le m e n t  D  ( fo r  m ic r o s c o p y  e x p e r im e n t)
3 .3 .2  D 8 t o o ls  ( fo r  sm a ll  a n g le  X -r a y  s c a t te r in g  e x p e r im e n t)
3 .3 .3  Ig o r  P ro  6 .3 2 A  ( fo r  e s t im a te  s iz e  o f  a s p h a lte n e  n a n a o a g g r e g a te s )
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3.4 Experimental Procedures

3 .4 .1  A s p h a lte n e  e x tr a c t io n
A 1 and  K 1 c r u d e  o i l s  w e r e  se p a r a te ly  c e n tr ifu g e d  at 1 0 ,0 0 0  rp m  fo r  3 

h o u rs  to  r e m o v e  w a te r , sa n d , and o th e r  s o l id  p a r t ic le s . T o  ex tra c t th e  a s p h a lte n e s  
fro m  c r u d e  o i l ,  p r e trea ted  c r u d e  o i l  w a s  m ix e d  w ith  h e p ta n e  in  1:25 v o lu m e  ratio  an d  

w a s  s tir red  fo r  2 4  h o u r s . T h e n , th e  m ix tu r e  w a s  c e n tr ifu g e d  w ith  S o r v a ll  L e g e n d  
X I R  at 3 ,5 0 0  rp m  fo r  1 h o u r  to  se p a r a te  a s p h a lte n e s  fro m  s o lu t io n . P r e c ip ita te d  
a s p h a lte n e s  w e r e  S o x h le t  w a s h e d  w ith  h e p ta n e  fo r  2 4  h o u rs  to  e l im in a te  th e  
im p u r it ie s  tra p p ed  in  th e  c a k e . J h e  a s p h a lte n e s  w e r e  d r ied  in o v e n  fo r  A 1 an d  
v a c u u m  o v e n  fo r  K1 at 75 °c fo r  2 4  h o u r s  to  e v a p o r a te  r e s id u a l h e p ta n e . _

3 .4 .2  M o d e l m ix tu r e  p r ep a ra tio n
T o  p rep a re  3  w t%  a n d  8 พ t%  a s p h a lte n e  m o d e l  m ix tu r e s  fo r  

fr a c t io n a t io n  and  c e n tr ifu g a t io n  e x p e r im e n ts , e x tr a c te d  a sp h a lte n e s  w e r e  s e p a r a te ly  
d is s o lv e d  w i t h  to lu e n e  a n d  w e r e  th en  s o n ic a te d  to  a l lo w  a c o m p le te  d is s o lu t io n .

3 .4 .3  T im e  an d  s o lu b i l ity  b a s e d  fra c t io n a tio n
F o r  K1 a s p h a lte n e s , e a c h  m o d e l  m ix tu r e  (3  and 8 w t%  a s p h a lte n e  

m o d e l m ix tu r e )  w a s  m ix e d  w ith  h e p ta n e  u s in g  s y r in g e  p u m p  at th e  f lo w  rate o f  5 

m L /m in  to  r e a c h  4 8  v o l%  o f  h e p ta n e  c o n c e n tr a t io n . T h e  s o lu t io n  w a s  stirred  fo r  2 4 " 
h o u rs to  e n su r e  w e l l  m ix in g  and  w a s  th e n  c e n tr ifu g e d  fo r  2  h o u r  at 5 ,0 0 0  rp m  to  
g e n e r a te  th e  first fr a c t io n  o f  p r e c ip ita te d  a s p h a lte n e s  d e n o te d  a s  cu t 1. A f te r  
c e n tr ifu g a t io n , th e  su p ern a ta n t w a s  tra n sferred  to  a n o th e r  fla sk  u n d e r  a g ita t io n  to  
a llo w  th e  r e m a in in g  a s p h a lte n e s  to  p r e c ip ita te . A f te r  2 5  d a y s , th is  s o lu t io n  w a s  
c e n tr ifu g e d  a g a in  in  o r d e r  to  g e n e r a te  c u t 2 . M o r e  h e p ta n e  w a s  th e n  a d d ed  to  th e  

su p ern a ta n t fr o m  cu t 2  to  rea ch  6 0  v o l%  h e p ta n e  c o n c e n tr a t io n . T h e  s im ila r  
p r o c e d u r e  w a s  rep ea ted  to  g e n e r a te  C u t 3 and  C u t 4  at 1 d a y  a n d  2 5  d a y s ,  
r e s p e c t iv e ly .  T h e n , m o r e  h e p ta n e  w a s  a d d e d  in to  s o lu t io n  to  rea ch  7 0  v o l%  h e p ta n e  
s o lu t io n . T h e  s o lu t io n  w a s  c e n tr ifu g e d  a g a in  to  o b ta in  C u t 5 a fter  s t ir r in g  fo r  2 4  
h o u rs . In o r d e r  to  s e p a r a te  a ll s o lu b le  a s p h a lte n e s  in  th e  su p ern ata n t a fte r  g e n e r a t in g  
C u t 5 , a d d it io n a l  h e p ta n e  w a s  to  a p p r o a c h  in  1 :25  to lu e n e :h e p ta n e  v o lu m e  ra tio  a n d  
w a s  th e n  c e n tr ifu g e d  a fte r  1 d a y  to  o b ta in  C u t 6.
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F r a c tio n a tio n  p r o c e d u r e  o f  A 1  a s p h a lte n e s  is  s im ila r  to  K1 
a s p h a lte n e s . E a c h  m o d e l  m ix tu r e  w a s  m ix e d  w ith  h e p ta n e  to  rea ch  6 0  v o l%  h e p ta n e  
s o lu t io n . T h e  s o lu t io n  w a s  c e n tr ifu g e d  a fter  b e in g  s tirred  fo r  1 d a y  an d  2 5  d a y s  to  
o b ta in  C u t 1 a n d  C u t 2 , r e s p e c t iv e ly .  T h e n , m o r e  h e p ta n e  w a s  a d d ed  to  th e  s o lu t io n  
to  rea ch  7 0  v o l%  h e p ta n e  c o n c e n tr a t io n  in  o rd er  to  g e n e r a te  C u t 3 a n d  C u t 4  b y  
c e n tr ifu g in g  a s p h a lte n e s  o u t o f  s o lu t io n  a fter  1 and  2 5  d a y s . A fte r  th at, a d d it io n a l  
h e p ta n e  w a s  a d d e d  a g a in  to  rea ch  th e  f in a l h e p ta n e  c o n c e n tr a t io n  in  1:25  
to lu e n e :h e p ta n e  v o lu m e  ra tio . T h is  s o lu t io n  w a s  c e n tr ifu g e d  to  g e n e r a te  C u t 5 . A n  

e x a m p le  s c h e m a t ic  d ia g ra m  o f  fr a c t io n a tio n  p r o c e d u r e  o f  A 1 and K 1 a s p h a lte n e s  
w e r e  illu s tr a te d  in  F ig u r e  3 .1  a n d  F ig u r e  3 .2 ,  r e s p e c t iv e ly .

3 .4 .4  M ic r o s c o p y  e x p e r im e n ts
A ll  a s p h a lte n e  'su b - fr a c t io n s  w e r e  se p a r a te ly  d i s s o lv e d  w ith  

to lu e n e  an d  s o n ic a te d  to  g e n e r a te  1 w t%  m o d e l m ix tu r e s . A  k n o w n  v o lu m e  o f  
h e p ta n e  w a s  a d d e d  in to  e a c h  m o d e l  m ix tu r e  u s in g  s y r in g e  p u m p  at th e  f lo w  rate o f  
0 .3 3  m L /m in  to  re a c h  a d e s ir e d  h e p ta n e  c o n c e n tr a t io n  at to ta l v o lu m e  o f  3 m L .

Add heptane in 5 mL/min 
“60 Vol% C7”

F ig u r e  3 .1  A  s c h e m a t ic  d ia g r a m  o f  A 1  fr a c t io n a tio n  p r o c e d u r e .
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Add heptane m 5 mL/min 
to reach “48Vol?o Cl”

Soluble Cut~6

F ig u r e  3 .2  A  s c h e m a t ic  d ia g r a m  o f  K 1 fr a c t io n a tio n  p r o c e d u r e .

T h e  s a m p le  w a s  m o n ito r e d  a s  a fu n c t io n  o f  t im e  u n d e r  a n  o p t ic a l  
m ic r o s c o p e  fr o m  N ik o n  (m o d e l:  E c l ip s e  E 6 0 0 )  a lo n g  w ith  N ik o n  ca m era  ( D S - F i2 )  to  
d e te r m in e  th e  d e te c t io n  t im e  o f  a s p h a lte n e  p r e c ip ita t io n  w h ic h  is  th e  t im e  th a t 0 .5  p m  

d e s t a b i l iz e d  a s p h a lte n e s  are d e te c ta b le  in  m ic r o s c o p e .
A l l  a sp h a lte n e  s u b - fr a c t io n s  w e r e  s e p a r a te ly  d i s s o lv e d  w ith  to lu e n e  

a n d  s o n ic a te d  to  g e n e r a te  1 w t%  m o d e l  m ix tu r e s . A  k n o w n  v o lu m e  o f  h e p ta n e  w a s  
a d d e d  in to  e a c h  m o d e l  m ix tu r e  u s in g  s y r in g e  p u m p  at th e  f lo w  rate o f  0 .3 3  m L /m in  
to  r e a c h  a d e s ir e d  h e p ta n e  c o n c e n tr a t io n  at to ta l v o lu m e  o f  3 m L . T h e  s a m p le  w a s  
m o n ito r e d  a s  a fu n c t io n  o f  t im e  u n d e r  an o p t ic a l  m ic r o s c o p e  fro m  N ik o n  (m o d e l:  

E c l ip s e  E 6 0 0 )  a lo n g  w ith  N ik o n  c a m e r a  ( D S - F i2 )  to  d e te r m in e  th e  d e te c t io n  t im e  o f  
a s p h a lte n e  p r e c ip ita t io n  w h ic h  is  th e  t im e  th at 0 .5  p m  d e s t a b i l iz e d  a s p h a lte n e s  are  
d e te c ta b le  in  m ic r o s c o p e .

3 .4 .5  S m a ll  a n g le  X -r a y  sc a tte r in g  e x p e r im e n ts
B r u k e r  N a n o s ta r  E q u ip m e n t  at U n iv e r s ity  o f  M ic h ig a n  w a s  u s e d  to  

p e r fo r m  S m a ll  A n g le  X -r a y  s c a t te r in g  ( S A X S )  in  o rd er  to  d e te r m in e  th e  r a d iu s  o f  
g y r a t io n  or  th e  s i z e  o f  n a n o a g g r e g a te  o f  p r e c ip ita te d  a s p h a lte n e s . S a m p le  w a s
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p rep a red  b y  d i s s o lv in g  p r e c ip ita te d  a s p h a lte n e s  in  to lu e n e  (1 w t% ). T h e  X -r a y  
g e n e r a to r  w a s  o p e r a te d  at 4 0  k v  a n d  3 5  m A  w ith  0 .5  s e c o n d  p e r  fra m e a n d  9 0 0  
s e c o n d  p e r  s a m p le

3 .4 .6  C e n tr ifu g a t io n  e x p e r im e n ts
U n fr a c t io n a te d  K 1 a s p h a lte n e s  w e r e  b le n d e d  w ith  t o lu e n e  to  

p r ep a re  3 w t%  an d  8 w t%  a s p h a lte n e -  c o n te n t  m o d e l  m ix tu r e s . S im ila r  to  m ic r o s c o p y  
e x p e r im e n ts , h e p ta n e  w a s  s e p a r a te ly  a d d ed  to  e a c h  m o d e l  o i l  to  rea ch  d e s ir e d  
p r e c ip ita n t  c o n c e n tr a t io n s  at to ta l v o lu m e  o f  2 0  m L . F o u r  s a m p le s  o f  1 .5 m L  w e r e  

w ith d r a w n  fro m  e a c h  s a m p le  at d if fe r e n t  t im e s  an d  w e r e  th e n  c e n tr ifu g e d  b y  an  

E p p e n d o r f  5 4 1 8  c e n tr ifu g e  at 1 4 0 0 0  rp m  fo r  10 m in s .  T h e  su p e r n a ta n t w a s  d e c a n te d  
a fter  c e n tr ifu g a t io n . T h e  a s p h a lte n e  c a k e  w a s  d r ie d  in  an o v e n  u n til th e  w e ig h t  
r e m a in e d  c o n sta n t.
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