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

3 .1  M a t e r i a l s

3 .1 .1  C ru d e  O il
A s p h a l te n e  f ro m  c r u d e  o i l  G O M  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  c o m p o s i t io n s  a r e  s h o w n  in  T a b le  3 .1 .

T a b l e  3 .1  C o m p o s i t io n  o f  a s p h a l te n e  f ro m  o il G O M

C o m p o s i t io n
A s p h a l te n e  f ro m  o il G O M

(% w t)

C a r b o n 8 4 .1 4
H y d r o g e n 6 .1 8
N i t r o g e n 0 .81
O x y g e n 4 .6 7

S u lfu r 4 .7 2
I ro n 8 7  p p m

N ic k e l - 187  p p m

V a n a d iu m 591 p p m

3 .1 .2  S o lv e n t
T e t r a h y d r o f u r a n  9 9 .9  %  p u r i ty



Table 3.2 Physical properties of tetrahydrofuran at room temperature

P ro p e r t ie s O il A
S o lv e n t te t r a h y d r o f u r a n
D e n s i ty  ( g /m l) 0 .8 8 9 2
V is c o s i ty  ( c P ) 0 .4 5 6
S o lu b i l i ty  p a r a m e te r  ( M P a 1/z) 9.1
P u r i ty 9 9 .9  %
S o u rc e F is h e r  S c ie n tif ic

3 .1 .3  P re c ip i ta n t
•  n - h e x a n e  9 5  %  p u r i ty

T a b l e  3 .3  P h y s ic a l  p r o p e r t ie s  o f  n - h e x a n e  p r e c ip i ta n t  a t  r o o m  te m p e r a tu r e

P ro p e r t ie s O il A
P re c ip i ta n t n - h e x a n e
D e n s i ty  ( g /m l) 0 .6 5 4 8
V is c o s i ty  ( c P ) 0 .4 5 6
S o lu b i l i ty  p a r a m e te r  ( M P a 1/2) 9.1
P u r i ty 9 9 .9  %

S o u rc e F is h e r  S c ie n tif ic

3 .1 .4  A lk y lb e n z e n e s
4-n-nonylacetophenone 97% purity



Table 3.4 Physical properties of 4-n-nonylacetophenone at room temperature

P ro p e r t ie s 4 - n - n o n y la c e to p h e n o n e

M o le c u la r  w e ig h t 2 4 6 .3 9

P u r i ty 9 7 %

H e a d  G ro u p -C O C H 3
S tru c tu re C O C H — 0 — C 9 H 19

S o u rc e F is h e r  S c ie n t i f ic

•  4 - n - n o n y la n i l in e  9 8 %  p u r i ty

T a b l e  3 .5  P h y s ic a l  p r o p e r t ie s  o f  4 - n - n o n y la n i l in e  a t r o o m  te m p e ra tu re

P ro p e r t ie s 4 - n - n o n y la n i l in e

M o le c u la r  w e ig h t 2 1 9 .3 7

P u r i ty 9 7 %

H e a d  G ro u p -n h 2

S tr u c tu re n h 2— 0 — C 9 H 19

S o u rc e F is h e r  S c ie n t i f ic

•  4 - n - o c ty lo x y b e n z o n i t r i le  9 8 %  p u r i ty  

T a b l e  3 .6  P h y s ic a l  p r o p e r t ie s  o f  4 - n - o c ty lo x y b e n z o n i t r i le  a t  ro o m  te m p e r a tu r e

P ro p e r t ie s 4 - n - o c ty lo x y b e n z o n i t r i le
M o le c u la r  w e ig h t 2 3 1 .3 4

P u r i ty 9 7 %
H e a d  G ro u p -C N

S tru c tu re C N — 0 — O -C g H  17
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•  4 - n - n o n y lp h e n o l  9 8 %  p u r i ty

T a b l e  3 .7  P h y s ic a l  p r o p e r t ie s  o f  4 - n - n o n y lp h e n o l  a t  r o o m  te m p e ra tu re

P ro p e r t ie s 4 - n - n o n y lp h e n o l
M o le c u la r  w e ig h t 2 2 0 .3 6
P u r i ty 9 8 %
H e a d  G ro u p -O H
S tru c tu re O H — 0 — C 9 H 19

•  4 - n - d o d e c y lb e n z a ld e h y d e  9 8 %  p u r i ty

T a b l e  3 .8  P h y s ic a l  p r o p e r t ie s  o f  4 - n - d o d e c y lb e n z a ld e h y d e  a t ro o m  te m p e r a tu r e

P ro p e r t ie s 4 - n - d o d e c y lb e n z a ld e h y d e
M o le c u la r  w e ig h t 2 9 0 .4 5
P u r i ty 9 8  %
H e a d  G ro u p -C O H
S tru c tu re C O H — 0 — o -c  12H 2 5

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 ro 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 i th  4 0 X  z o o m  w a s  u s e d  to  

d e te c t  a s p h a l te n e  p r e c ip i ta t io n  in  t e t r a h y d r o f u r a n  s o lu t io n . It w a s  c o n n e c te d  to  a 
N ik o n  d ig i ta l  s ig h t  D S -U 3  s e r v e r  a n d  N ik o n  D S -F i2  c a m e ra . Im a g e s  w e r e  to o k  a n d  
k e p t  f ro m  c a m e r a  th r o u g h  c o m p u te r .

3 .2 .2  S o r v a l l  L e g e n d  X I R  C e n tr i fu g e
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A  S o rv a l l  L e g e n d  X I R  w a s  u s e d  to  p r e t r e a t  c ru d e  o il G O M  a n d  
e x t r a c t  a s p h a l te n e  f ro m  c ru d e  o i l  G O M .

3 .2 .3  H a r d v a r d  A p p a r a tu s  2 2  S y r in g e  P u m p
In  m ic r o s c o p y  e x p e r im e n ts ,  t i t r a n t  w a s  a d d e d  to  s a m p le s  b y  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 t 0 .3 3  m L /m in .
3 .2 .4  M e t t l e r  T o le d o  X S 2 0 4  S c a le

A ll s o lu t io n s  in  th is  w o rk  w e r e  p r e p a r e d  b y  w e ig h in g  th e  m a s s  o f  
s o lu t io n s  to  r e a c h  th e  d e s i re d  c o n c e n t ra t io n .

3 .2 .5  C o o le r  R T E - 1 11 N e s la b
A s p h a l te n e  c a k e  w a s  w a s h e d  in  s o x h le t  b y  h e a t in g  a n d  c o o l in g  

h e p ta n e  c o n t in u o u s ly  to  m a k e  it c o n d e n s e d  a n d  d r o p p e d  in to  a  th im b le . H e p ta n e  w a s  
c h i l le d  a n d  k e p t  a t  10°c b y  c o o le r  R T E - 1 11 N e s la b .

3 .2 .6  5 5 1 0  B ra n s o n  S o n ic a to r
5 5 1 0  B ra n s o n  s o n ic a to r  w a s  u s e d  to  m a k e  a s p h a l te n e  c o m p le te ly  

d i s s o lv e d  in  s o lv e n t  an d  a s p h a l te n e  s o lu t io n  r e a d y  fo r  p e r f o r m in g  m ic r o s c o p y  
e x p e r im e n ts .

3 .2 .7  S e v e n e a s y  M e t t le r  T o le d o  p H  M e te r
P o te n t io m e tr ic  t i t r a t io n s  w e re  c o n d u c te d  m e a s u r in g  p o te n t ia l  v a lu e s  

b y  S e v e n e a s y  M e t t l e r  T o le d o  p H  m e te r .
3 .2 .8  I n la b  M e t t le r  T o le d o  E le c t ro d e

A n  In la b  M e t t le r  T o le d o  e le c t ro d e  w a s  c o n n e c te d  to  S e v e n e a s y  
M e t t l e r  T o le d o  p H  m e te r .

3 .2 .9  F is h e r b r a n d  2 0 -2 0 0  u L  M ic ro p ip e t te
In  p o te n t io m e tr ic  t i t r a t io n ,  a c id ic  t i t r a n t  w a s  a d d e d  to  a lk y lb e n z e n e  

s o lu t io n  b y  f is h e r b r a n d  2 0 -2 0 0  p L  m ic ro p ip e t te .

3 .3  S o f tw a r e

3 .3 .1  N I S - E le m e n t  D
N I S - E le m e n t  D  w a s  u s e d  to  s a v e  a n d  a d ju s t  p ic tu r e  p r o p e r t i e s  f ro m  

th e  c a m e ra .  T h e  le n g th  s c a le  is  a ls o  a v a i la b le  o n  th is  p r o g ra m .
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3 .4  E x p e r i m e n t a l  P r o c e d u r e s

3 .4 .1  C r u d e  O il P re - t r e a tm e n t
G O M  c ru d e  o i l  w a s  c e n t r i fu g e d  a t 1 0 ,0 0 0  rp m  fo r  3 h o u r s  in  o r d e r  to  

r e m o v e  s a n d  a n d  o th e r  im p u r i t ie s .  T h e  s u p e rn a ta n t  w a s  s e p a r a te d  a n d  t r a n s f e r r e d  to  
a m b e r  b o t t le  to  s to ra g e .

3 .4 .2  A s p h a l te n e  E x t r a c t io n E x p e r im e n t
A  k n o w n  a m o u n t  o f  p r e t r e a te d  c r u d e  o i l  G O M  w a s  m ix e d  w i th  

h e p ta n e  in  th e  r a t io  o f  1 :4 0 , s t i r r e d  fo r  a t  le a s t  2 4  h o u r s ,  a n d  c e n t r i fu g e d  in  2 5 0  m L  
tu b e  a t  1 0 ,0 0 0  r p m  fo r  1 h o u r .  A s p h a l te n e  c a k e  a t b o t to m  w a s  c o l le c te d  a n d  r in s e d  b y  
h e p ta n e  in  s o x h le t  w a s h e d  f o r  4  d a y s  to  r e m o v e  r e m a in in g  r e s in s  a n d  d ir t .  T h e  c a k e  
w a s  th e n  d r ie d  u n d e r  a f u m e  h o o d  fo r  s e v e ra l  d a y s  u n ti l  i t  d ry .

3 .4 .3  P o te n t io m e tr ic  T i t r a t io n  E x p e r im e n t
T h e  m ix tu r e  w a s  m a d e  to  b e  0 .2  m m o l a lk y lb e n z e n e /  m o l 

te t r a h y d r o f u r a n .  A c id ic  t i t r a n t  u s e d  in  th is  w o rk  is  0 .6  m m o l 
t r i f lu o r o m e th a n e s u l f o n ic  a c id . A  p H  m e te r  a n d  a  c o m b in a t io n  e le c t r o d e  w e r e  f i r s t  
c a l ib r a te d  u s in g  b u f f e r  s o lu t io n s  o f  p H  4 , 7 , a n d  10. T h e  m ix tu r e  w a s  k e p t  s t i r r e d  a n d  
th e  t i t r a n t  w a s  a d d e d  b y  m ic r o p ip e t te  5 0  m L  e a c h  t im e .  T h e  p o te n t ia l  v a lu e s  w il l  
c h a n g e  s l ig h t ly  w h i le  t i t r a t in g  a c id ic  t i t r a n t .  T h e  t i t r a n t  w i l l  b e  a d d e d  u n ti l  th e  
p o te n t ia l  v a lu e s  r e a c h  a n d  p a s s  th e  e q u iv a le n c e  p o in t  w h ic h  is  th e  p o in t  th a t  m V  o f  
th e  s o lu t io n  c h a n g e s  r a p id ly .  T h e  s c h e m a t ic  d ia g ra m  o f  p o te n t io m e tr ic  t i t r a t io n  is  
s h o w n  in  F ig u r e  3 .1 .

F i g u r e  3 .1  S c h e m a t ic  d ia g r a m  o f  p o te n t io m e tr ic  t i t r a t io n .
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The potential values from pH meter of dodecylbenzaldehyde were recorded
and plotted as a function of titrant as shown in Figure 3.2a.

Average volume of trifluoromethanesulfonic acid 0.0006 M (pL)

F i g u r e  3 .2  (a )  R a w  d a ta  b e tw e e n  m V  a n d  v o lu m e  o f  t i t r a n t  c o l le c te d  f ro m  p H  m e te r  
o f  d o d e c y lb e n z a ld e h y d e .  (b ) F ir s t  d e r iv a t iv e  p lo t  o f  d a ta  f ro m  (a ).

F ig u r e  3 .2 a  s h o w s  a  p lo t  o f  m V  v e r s u s  v o lu m e  o f  t i t r a n t  a d d e d  f o r  th e  
t i t r a t io n  c o l le c te d  f ro m  p H  m e te r  o f  d o d e c y lb e n z a ld e h y d e  t i t r a t io n . A s  c a n  b e  s e e n  
f ro m  F ig u r e  3 .2 a , th e  m V  o f  s o lu t io n  s l ig h t ly  c h a n g e s  b e f o r e  15 0  p L  a d d e d  t i t r a n t  
a n d  s ig n i f ic a n t ly  c h a n g e s  b e tw e e n  1 5 0 -2 0 0  p L  a d d e d  t i t r a n t .  T h e  e q u iv a le n c e  p o in t  
is  d e f in e d  a s  th e  d e e p e s t  c h a n g e  o f  p o te n t ia l  v a lu e s .  T h e  e q u iv a le n c e  p o in t  is  m o r e  
a c c u r a te ly  d e t e r m in e d  b y  c o n v e r t in g  d a ta  to  d e r iv a t iv e  p lo t  a s  s h o w n  in  F ig u r e  3 .2 b . 
T h e  e n d  p o in t  c o r r e s p o n d s  to  th e  to p  o f  th e  p e a k  th a t  is  a p p a re n t .  In  th is  c a s e ,  175 p L  
is  th e  e q u iv a le n c e  p o in t ,  so  th e  h a l f - e q u iv a le n c e  p o in t  w i l l  b e  a t  8 7 .5  p L . T h e n ,  th e  
p o te n t ia l  v a lu e s  a t  h a l f - e q u iv a le n c e  p o in t  c a n  b e  c o n v e r te d  to  p K a  b y  N e m s t  
e q u a t io n .
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3 .4 .4  M ic r o s c o p y  E x p e r im e n t
S to c k  s o lu t io n s  o f  a lk y lb e n z e n e  w e r e  f i r s t  m a d e  a t h ig h  

c o n c e n t r a t io n s .  T h e n ,  th o s e  s to c k  s o lu t io n s  o f  e a c h  a lk y lb e n z e n e  w e r e  d i lu te d  a n d  
a d d e d  to  a s p h a l te n e  s to c k  s o lu t io n s .  T h e  d e s i re d  c o n c e n t r a t io n  o f  a s p h a l te n e  a n d  
a lk y lb e n z e n e  w e r e  m a d e  to  b e  0 .01  w t  %  a s p h a l te n e s  a n d  0 .3 3  m m o l a lk y lb e n z e n e /  
m o l a s p h a l te n e ,  r e s p e c t iv e ly .  T h e  s a m p le s  w e r e  m o n i to re d  u s in g  m ic r o s c o p y ;  th e  
d e te c t io n  t im e  w a s  lo c a te d  w h e n  a s p h a l te n e s  p re c ip i ta te .  A  d ia g r a m  o f  m ic r o s c o p y  
e x p e r im e n t  is  s h o w n  in  F ig u re  3 .3 .

A d d
a lk y lb e n z e n e

/

>  f ro m  s to c k  
s o lu t io n

A d d  t [ ’ t 2 > t3  -  
n - H e x a n e

Model Oil
(1 wt% asphaltene content) Optical Microscope

F i g u r e  3 .3  S c h e m a tic  d ia g r a m  o f  m ic r o s c o p y  e x p e r im e n t  p ro c e d u r e .
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