
CHAPTER III
EXPERIMENTAL

3.1 Materials

3 .1 .1  C ru d e  O il
C ru d e  o il A  w a s  u s e d  in  th e  a ll  e x p e r im e n ts  a n d  th e  S A R A  c o m p o s i t io n  a n d  

p h y s ic a l  p r o p e r t ie s  a re  s h o w n  in  T a b le  3 .1 .1 . l a n d  3 .1 .1 .2  r e s p e c t iv e ly .

Table 3.1.1.1 S A R A  c o m p o s i t io n  o f  O il A

C o m p o s i t io n O il A  (% w t)
S a tu ra te s 5 1 .7 7

A r o m a t ic s 2 1 .4 8
R e s in s 1 0 .4 8

A s p h a l te n e 1 0 .5 6
U n r e c o v e r e d  f ra c t io n 5.71

Table 3 .1 .1 .2  P h y s ic a l  p r o p e r t ie s  o f  O il A

P ro p e r t ie s O il A
C 7 -A s p h a l te n e s  (% w t) 9.90 ± 0.07
D e n s ity  a t  ro o m  te m p e ra tu re  (20°c, k g /m J) 869.2 ± 0.2
V is c o s i ty  a t  60°c (m P a * s ) 6.78 ± 0.07
I n s ta n ta n e o u s  o n s e t a t  60°c (v o l. %  h e p ta n e ) 4 0 %

3 .1 .2  P ré c ip i ta n ts
n - h e x a n e  (C 6 ) , n -h e p ta n e  (C 7 ) , n -o c ta n e  (C 8 ) , n - n o n a n e  (C 9 ) ,  a n d  n - d e c a n e  

(C IO )  w e re  u s e d  a s  p r é c ip i ta n ts  to  d e s ta b i l iz e  a s p h a l te n e  in  O il  A . T h e  p h y s ic a l  
p r o p e r t ie s  o f  a ll p r é c ip i ta n ts  in  th e  e x p e r im e n ts  a re  s h o w n  in  T a b le  3 .1 .2 .1 .



1 6

T a b l e  3 .1 .2 .1  P h y s ic a l  p r o p e r t ie s  o f  P ré c ip i ta n ts

P r e c ip i ta n t D e n s i ty  a t  ro o m  te m p e ra tu re  
( 2 0 ° c , k g /m 3)

V is c o s i ty  a t  6 0 ° c  
( m P a * s )

P u r i ty

n - h e x a n e 6 6 0 .6 0 .2 1 2 H P L C  G ra d e
n - h e p ta n e 6 7 9 .6 0 .2 7 6 H P L C  G ra d e
n - o c ta n e 6 9 8 .6 0 .3 5 0 R e a g e n t  G ra d e
n - n o n a n e 7 1 9 .2 0 .4 4 2 9 9 %
n - d e c a n e 7 2 6 .6 0 .5 4 3 9 9 %

3 .1 .3  T o lu e n e
9 9 %  p u re  to lu e n e  w a s  u s e d  to  c le a n  th e  s y s te m  a f te r  f in is h  th e  e x p e r im e n ts .  

T h e  v i s c o s i ty  o f  to lu e n e  a t  2 0 ° c  is  0 .5 8 5  m P a * s .

3 .2  E q u i p m e n t

3 .2 .1  N ik o n  E c lip s e  E 6 0 0  o p tic a l  m ic r o s c o p e
A  N ik o n  E c lip s e  E 6 0 0  o p tic a l  m ic r o s c o p e  w a s  u s e d  to  d e te c t  a s p h a l te n e  

p a r t i c le  in  th e  s o lu t io n . It w a s  c o n n e c te d  to  a  m o n o c h r o m e  S o n y  C C S  v id e o  c a m e ra  
w h ic h  w a s  l in k e d  to  a  S o n y  c a m e ra  a d a p to r  C M A -D 2 . I t w a s  th e n  c o n n e c te d  to  a  
c o m p u te r  w h ic h  h a s  a  W in T V  U S B  N T S C  M o d e l  4 0 2 0 1  p r o g r a m  to  c a p tu r e  im a g e s  
f ro m  th e  c a m e ra .

3 .2 .2  S o rv a l l  L e g e n d  X I R  C e n tr ifu g e
A  S o rv a l l  L e g e n d  X I 1 R  C e n tr i fu g e  w a s  u s e d  to  p r e t r e a t  O il  A  b y  

s e p a r a t in g  s o l id  p a r t i c le s  a n d  w a te r  f ro m  O il A .

3 .2 .3  H a r d v a rd  a p p a ra tu s  2 2  S y r in g e  p u m p
A  p r e c ip i ta n t  w a s  a d d e d  in to  O il A  a t  a  c o n s ta n t  f lo w  ra te  u s in g  E le a rd v a rd  

a p p a r a tu s  2 2  S y r in g e  p u m p  in  o rd e r  to  p r e p a r e  th e  s o lu t io n s .
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3 .2 .4  S c a le  C a l ib r a t io n
In  o r d e r  to  p r e p a r e  th e  s o lu t io n s  to  r e a c h  th e  d e s i r e d  p r e c ip i ta n t  

c o n c e n t r a t io n ,  th e  m a s s  o f  s o lu t io n  w a s  w e ig h e d  u s in g  S c a le  C a l ib r a t io n  a n d  th e  
c o n c e n t r a t io n  c a n  th e n  b e  c a lc u la te d .

3 .2 .5  E p p e n d o r f  M ic ro  C e n tr i fu g e  5 4 1 8
T h e  s o lu t io n  w a s  t r a n s f e r  to  1 .5  m L  c e n t r i fu g e  tu b e  a n d  E p p e n d o r f  M ic ro  

c e n t r i fu g e  5 4 1 8  w a s  u s e d  to  s e p a ra te  a s p h a l te n e s  f ro m  th e  s o lu t io n .

3 .2 .6  B r a n s o n  1 5 1 0  S o n ic a to r
B r a n s o n  1 5 1 0  S o n ic a t io r  w a s  u s e d  in  th e  w a s h in g  s te p  in  o r d e r  to  m ix  

p r e c ip i ta n t  a n d  a s p h a l te n e  to  w a s h  th e  t r a p p e d  O il A  in  th e  a s p h a l te n e s .

3 .2 .7  F is h e r  S c ie n t i f ic  I s o te m p  I n c u b a to r
F is h e r  S c ie n t i f ic  I s o te m p  I n c u b a to r  w a s  u s e d  to  e v a p o r a te  p r é c ip i ta n ts  

t r a p p e d  in  th e  a s p h a l te n e s .

3 .2 .8  S e n s o te c  A - 5 /8 8 2 - 1 5  p r e s s u r e  tr a n s d u c e r
T h e  p r e s s u r e  d r o p  w a s  m e a s u r e d  u s in g  a  S e n s o te c  A - 5 /8 8 2 - 1 5  p r e s s u r e  

t r a n s d u c e r ,  a  r a n g e  o f  10  p s i ,  w h ic h  w a s  c o n n e c te d  to  a  c o m p u te r .  A  N I  D a ta lo g g e r  
p r o g ra m  w a s  u s e d  to  r e c o r d  th e  p r e s s u r e  d ro p  f ro m  tr a n s d u c e r .

3 .2 .9  C o le - P a r m e r  P o ly s ta t  P le a te d  C ir c u la t in g  B a th s
S in c e  a ll o f  th e  e x p e r im e n ts  w e r e  p e r f o rm e d  6 0 ° c ,  F is h e r  S c ie n t i f ic  I s o te m p  

I n c u b a to r  w a s  u s e d  to  c o n tr o l  th e  t e m p e ra tu re  u s in g  w a te r  a s  a  f lu id  m e d iu m .

3 .2 .1 0  T e le d y n e  I S C O  M o d e l 5 0 0 D  S y r in g e  p u m p
T e le d y n e  IS C O  M o d e l 5 0 0 D  S y r in g e  p u m p s  w e re  u s e d  to  c o n tro l  f lo w  ra te  

o f  O il A  a n d  p r e c ip i ta n t  d u r in g  d e p o s i t io n  e x p e r im e n ts .
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3 .2 .1 1  S ta in le s s  s te e l  c a p i l la ry
S ta in le s s  s te e l  c a p i l la ry , w h ic h  is  0 .01  in c h  in  in n e r  d ia m e te r  a n d  5 c m  in  

le n g th , w e r e  u s e d  f o r  d e p o s i t io n  e x p e r im e n t  p u rc h a s in g  f ro m  U p c h u r c h  S c ie n tif ic  
w i th  p a r t  n u m b e r  U -1 0 1  a n d  S ta in le s s  s te e l c a p i l la ry , w h ic h  is  0 .0 3  in c h  in  in n e r  
d ia m e te r  a n d  5 c m  in  le n g th , w e r e  u s e d  in  th e  m ix in g  s e c t io n  p u r c h a s in g  f ro m  
U p c h u rc h  S c ie n t i f ic  w i th  p a r t  n u m b e r  U - l  15.

3.3 Software

3 .3 .1  W in T V 2 0 0 0
3 .3 .2  N I  D a ta lo g g e r
3 .3 .3  M a tL a b

3.4 Methodology

3.4.1 Crude Oil Pre-Treatment
T h e  O il A  u s e d  f o r  e x p e r im e n ts  w a s  f i r s t  p r e t r e a te d  b y  c e n t r i f u g a t io n  a t

1 0 ,0 0 0  rp m  fo r  3 h o u r s  to  s e p a r a te  s o l id  p a r t i c le s  a n d  w a te r . T h e  s u p e r n a ta n t  w a s  
th e n  tr a n s f e r r e d  to  a m b e r  b o t t le s  fo r  s to ra g e . In  o rd e r  to  m in im iz e  th e  e f f e c t  o f  
o x id a t io n ,  th e  s to ra g e  b o tt le  h e a d  s p a c e  w ill b e  p u rg e d  w ith  n i tro g e n .

3.4.2 Centrifugation Experiment
F ig u re  3 .4 .2 .1  s h o w s  a  s c h e m a t ic  d ia g r a m  o f  c e n t r i fu g a t io n  e x p e r im e n t .  A  

p r e c ip i ta n t  w a s  a d d e d  to  th e  c ru d e  o il to  r e a c h  th e  d e s ire d  p r e c ip i ta n t  c o n c e n t r a t io n  
in  o r d e r  to  d e s ta b i l iz e  a s p h a l te n e s  a n d  th e  s a m p le s  w e re  p u t  in  th e  w a te r  b a th  th a t  
w a s  c o n t r o l le d  th e  t e m p e ra tu re  to  b e  6 0 ° c . S a m p le s  w e re  ta k e n  a t  v a r io u s  t im e s  ( t i ,  
t2, t3 , e tc .)  a n d  th e n  t r a n s f e r r e d  to  tw o  1.5 m L  m ic r o c e n tr i fu g e  tu b e s .  T h e  
m ic r o e n t r i fu g e  tu b e s  w e r e  c e n t r i fu g e d  a t 1 4 ,0 0 0  rp m  fo r  10 m in u te s  to  s e p a r a te  th e  
p r e c ip i ta te d  a s p h a l te n e s .  T h e  s u p e rn a ta n t  w a s  r e m o v e d  a n d  a d d i t io n a l  p r e c ip i ta n t  
w a s  a d d e d  to  th e  a s p h a l te n e  c a k e  in  o rd e r  to  w a s h  o f f  th e  t r a p p e d  c r u d e  o i l .  T h e  
a s p h a l te n e  c a k e  w a s  w a s h e d  m a n y  t im e s  u n ti l  th e  s u p e rn a ta n t  w a s  a c le a r  s o lu t io n . 
A f te r  th a t ,  th e  a s p h a l te n e  c a k e  w a s  d r ie d  in  a n  o v e n  a n d  th e  w e ig h t  o f  p r e c ip i ta te d
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asphaltene was measured. The sampling procedure was repeated until the weight of
asphaltenes is constant.

Figure 3.4.2.1 S c h e m a tic  o f  a  c e n t r i fu g a t io n  e x p e r im e n t.

3.4.3 Onset Experiment
P re c ip i ta n t  w a s  a d d e d  in to  c ru d e  o il a t  a  c o n s ta n t  f lo w  ra te  u s in g  a  s y r in g e  

p u m p  to  r e a c h  th e  d e s i re d  p r e c ip i ta n t  c o n c e n t r a t io n  a n d  s a m p le s  w e re  th e n  p u t  in to  a  
w a te r  b a th  th a t  w a s  c o n t r o l le d  a t  th e  te m p e ra tu re  6 0 ° c . S a m p le s  w e r e  ta k e n  a s  a  
fu n c t io n  o f  t im e  a n d  o b s e rv e d  u s in g  o p t ic a l  m ic ro s c o p y . T h e  t im e  r e q u i re d  fo r  
a s p h a l te n e s  to  r e a c h  th e  s iz e  o f  0 .5  m ic r o m e te r  w a s  r e c o rd e d  a s  th e  d e te c t io n  t im e ,

^detection-

3.4.4 Asphaltene deposition
C a p il l a ry  f lo w  w a s  u s e d  to  in v e s t ig a te  th e  a s p h a l te n e  d e p o s i t io n  ra te , a n d  

th e  a p p a r a tu s  u s e d  is s h o w n  in  F ig u re  2 .4 .1 . F ir s t ,  th e  p r e c ip i ta n t  w a s  p r e f i l le d  in  th e  
p r e c ip i ta n t  l in e  in  o r d e r  to  c r e a te  a ir  g a b  b e tw e e n  th e  p r e c ip i ta n t  a n d  a  m ix in g  te e . 
T h is  a i r  g a p  w a s  c r e a te d  to  p r e v e n t  m ix in g  o f  o il a n d  h e p ta n e . T h e  p r e c ip i ta n t  l in e  
w a s  th e n  c o n n e c te d  to  th e  m ix in g  te e  in  th e  m ix in g  s e c t io n  a n d  O il A  w a s  p r e f i l le d  
in to  th e  s y s te m  r e s u l t in g  s o m e  o il f lo w in g  in to  th e  p r e c ip i ta n t  lin e . H o w e v e r ,  th e  a ir  
p o c k e t  p r e v e n te d  th e  p r e c ip i ta n t  a n d  O il A  f ro m  m ix in g  to g e th e r . T h e  f lo w  ra te s  o f  
p r e c ip i ta n t  a n d  O il A  w e r e  c o n t r o l le d  u s in g  p u m p s  1 a n d  2  a n d  th e  to ta l  f lo w  ra te  fo r  
a ll e x p e r im e n t  w a s  5 m L /h . A f te r  th a t, th e  p o s i t iv e  a n d  n e g a t iv e  p r e s s u r e  d ro p  l in e s
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w e re  r e s p e c t iv e ly  c o n n e c te d  to  th e  d i f f e re n t ia l  p r e s s u r e  t r a n s d u c e r  a f te r  th e  a i r  h a d  
b e e n  b le d  o u t  f ro m  th e  l in e . F in a l ly ,  th e  f lo w  ra te s  w e re  a d ju s te d  to  a c h ie v e  th e  
d e s i re d  p r e c ip i ta n t  c o n c e n t r a t io n  a n d  th e  s y s te m  w a s  p u t  in  a  w a te r  b a th  a t  6 0 ° c . 
P re c ip i ta n t  a n d  O il A  w e r e  th e n  m ix e d  in s id e  a  m ix in g  s e c t io n , a n d  f lo w e d  th ro u g h  
th e  c a p i l la ry .  P ro p e r  m ix in g  in  th e  s y s te m  w a s  o b ta in e d  u s in g  p o ro u s  f r i t s  in  th e  
m ix in g  s e c t io n  a n d  th e  p r e s s u r e  d r o p  a c r o s s  th e  c a p i l la ry  w a s  m e a s u r e d  a s  a  f u n c t io n  
o f  tim e .

T h e  s ta r te d  t im e  o f  th e  e x p e r im e n ts  is w h e n  a  p r e c ip i ta n t  f i r s t  e n te r s  th e  
s y s te m , w h ic h  c a n  b e  o b s e rv e d  f ro m  th e  d e c r e a s e  in  th e  p r e s s u r e  d ro p  d u e  to  th e  
r e d u c e d  v i s c o s i ty  w i th  h e p ta n e  in  th e  m ix tu re . In  a d d i t io n , th e  e x p e r im e n ta l  p r e s s u r e  
d ro p  w a s  f i r s t  s h i f te d  u s in g  th e  a v e r a g e  p r e s s u r e  d ro p , AP0 , w h ic h  is  th e  a v e r a g e  
v a lu e  o f  p r e s s u r e  d r o p  b e fo re  th e  p r e s s u r e  d r o p  in c re a s e s  d u e  to  d e p o s i t io n .  
M o re o v e r ,  S c a n n in g  E le c t r o n  M ic ro s c o p y  (S E M )  o n  a  F E L  Q u a n ta  2 0 0  3 D  
in s t r u m e n t  o p e ra t in g  a t  0 .4 5  to r r  in  lo w  v a c u u m  m o d e  w a s  u s e d  to  in v e s t ig a te  th e  
m ix in g  in  u s e d  c a p i l la r ie s .

3.4.5 Measuring diameter of capillary
T h e  p r e s s u r e  d ro p  a c r o s s  a  c a p i l la ry  w a s  u se d  to  m e a s u r e  d i a m e te r  o f  

c a p i l la ry  u s in g  D I  w a te r  a s  a  f lu id  m e d iu m . A f te r  th e  c a p i l la ry  w a s  c o n n e c te d  to  th e  
s y s te m , it w a s  p u t  in to  a  w a te r  b a th  th a t  w a s  c o n tr o l le d  a t  th e  te m p e ra tu re  2 5 ° c .  T h e  
f lo w  ra te  w a s  a d ju s te d  to  b e  0 .5 , 1, 3 , a n d  5 m L /m in  a n d  th e  p r e s s u r e  d r o p  w a s  
m e a s u r e d . T h e  F la g a n - P o is e u i l le  e q u a t io n ,  a s  s h o w n  in  e q u a tio n  2 .4 .1 ,  w a s  u s e d  to  
c a lc u la te  th e  d ia m e te r  o f  c a p i l la ry .
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