
RESULTS AND DISCUSSION
CHAPTER IV

4.1 Onset Point of Crude Oil Sample

B e f o r e  r u n n in g  th e  a s p h a lt e n e  d e p o s i t io n  e x p e r im e n t ,  it i s  im p o r ta n t  to  

d e t e r m in e  th e  o n s e t  p o in t  in  o r d e r  to  b e  a b le  to  c h o o s e  th e  a p p r o p r ia te  c o n c e n t r a t io n  

t o  s tu d y . A  s a m p le  fr o m  th e  e f f lu e n t ,  ta k e n  b y  a  m ic r o p ip e t t e ,  w a s  p la c e d  u n d e r  th e  

m i c r o s c o p e  t o  d e t e c t  p r e c ip i t a t e d  a s p h a l t e n e s ;  th e  p o in t  w h ic h  a s p h a l t e n e  p a r t ic le s  

c a n  b e  s e e n  is  c a l l e d  o n s e t  p o in t .  P r e c ip i t a t e d  a s p h a l t e n e s  c a n  b e  s e e n  a s  b la c k  

p a r t ic le s  u n d e r  th e  m i c r o s c o p e  a s  s h o w n  in  red  c i r c l e  o f  F ig u r e  4 .1  (d ) .  T h e  o n s e t  

p o in t  fo r  C H  a n d  G M 3  w a s  m e a s u r e d  t o  b e  a r o u n d  4 0  a n d  5 0  v o l% C 7  r e s p e c t iv e ly .  
T h e  r e s u lt s  c a n  b e  s e e n  in  F ig u r e  4 .1 .

( a )  C r u d e  O i l ( b )  3 0  v o l % C 7

( c )  3 5  v o l % C 7 ( d )  4 0  v o I % C 7

Figure 4.1 M ic r o g r a p h s  s h o w i n g  th e  p ic t u r e s  o f  C H  a n d  p r e c ip i t a n t ’ s  s o lu t io n  

e f f lu e n t  o f  d i f f e r e n t  c o n c e n t r a t io n s  ( O n s e t  p o in t  o f  C H  is  a r o u n d  4 0  v o l%  C l) .
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P r e c ip i t a t io n  c o n c e n t r a t io n s  l e s s  th a n  o r  e q u a l  to  3 0  v o l%  C 7  w e r e  c h o s e n  

in  o r d e r  to  s t u d y  c o n d i t io n s  b e l o w  th e  o n s e t  p o in t  f o r  C H  c r u d e  o i l .  F o r  G M 3 ,  
c o n c e n t r a t io n s  l e s s  th a n  o r  e q u a l  4 5  v o l%  C 7  w e r e  u s e d .

4.2 Modification of Apparatus

T h e  p r im a r y  g o a l  o f  th is  w o r k  is  to  v a l id a t e  a n d  s ta n d a r d iz e  th e  d e p o s i t io n  

a p p a r a tu s . A s  m e n t io n e d  b e f o r e ,  F lo e p fn e r  ( 2 0 1 0 )  u s e d  C F D  s im u la t io n s  to  

d e m o n s t r a t e  th a t  th e  o ik h e p t a n e  m ix t u r e  w i l l  b e  w e l l  m i x e d  i f  a  2 - i n c h  s t a in le s s  s t e e l  

c a p i l la r y  w i t h  a  0 .0 3 - i n c h  I D , c o n n e c t i n g  l in e ,  c o n n e c t s  th e  m i x i n g  te e  to  th e  

c a p i l la r y  a s  s h o w n  in  th e  F ig u r e  2 .8 .

4 .2 .1  A p p a r a tu s  M o d i f i c a t i o n  1

c o n n e c t e d  a f te r  th e  m i x i n g  t e e ,  w h i c h  c o n t a in s  th e  m i x i n g  fr it . T h e  e x p e r im e n t a l  

c o n d i t io n s  fo r  th is  w o r k  a re  a s  f o l lo w s :  3 0  v o l%  C 7 , a  1 - f t  c a p i l la r y  w i t h  a  0 .0 1 - in c h  

ID  a n d  5 m L /h r  a s  th e  to ta l  f l o w  r a te . T h e  e x p e r im e n t  r e s u lt s  f r o m  th e  s y s t e m s  w it h  

a n d  w i t h o u t  c o n n e c t i n g  l in e  w e r e  c o m p a r e d  a n d  s h w o n  in  F ig u r e  4 .2 .

T o  im p r o v e  th e  m i x i n g  in  th e  s y s t e m ,  a  2 - i n c h  c o n n e c t i n g  l in e  w a s

30%C7 with 0.01" Diameter, 1' Length capillary

Time (hrs)

Figure 4.2 C o m p a r is o n  r e s u lt s  b e t w e e n  M o d i f i c a t i o n  1 ( s o l i d  l in e )  a n d  a p p a r a tu s  

s e tu p  w i t h o u t  c o n n e c t i n g  l in e  (d o t  l in e ) .
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F ig u r e  4 .2  p r e s e n t s  th e  p r e s s u r e  d r o p  (APcap) s h i f t e d  b y  th e  m e a n  

p r e s s u r e  d r o p  o f  th e  s o lu t io n  b e f o r e  th e  d e p o s i t io n  s ta r ts  (APcapo)- T h e  t im e ,  t = 0 ,  is  

t h e  t im e  a t w h i c h  h e p t a n e s  is  f ir s t  in tr o d u c e d  in t o  th e  s y s t e m .  T h e  r e s u lt s  fr o m  

M o d i f i c a t i o n  1 w e r e  m o r e  c o n s i s t e n t  th a n  n o  c o n n e c t i n g  l in e  s e t u p  b e c a u s e  th e  

s o lu t i o n  w a s  w e l l  m ix e d  b e f o r e  f l o w e d  in to  c a p i l la r y  th a t  m a d e  a s p h a l t e n e  p a r t ic le  

w a s  e v e r y w h e r e  in  s o lu t io n .  In  th e  c a s e  o f  n o  c o n n e c t i n g  l in e ,  s o m e  a s p h a lt e n e  

p a r t ic le s  th a t  d e s t a b l i l i z e d  fr o m  th e  in te r fa c e  o f  c r u d e  o i l  a n d  p r e c ip i ta n t  b e f o r e  th e  

s o lu t io n  w a s  w e l l  m i x e d  h a v e  a  h ig h e r  c h a n c e  to  a d h e r e  d ir e c t ly  to  th e  w a l l  b e c a u s e  

c r u d e  o i l  a n d  p r e c ip i t a n t  w i l l  d i f f u s io n  to  e a c h  o th e r  th a t  m a d e  p a r t ic le s  m o v e  a lo n g  

a s  w e l l .  A l s o  th e  p o o r  m i x i n g  w i l l  c a u s e  th e  p o c k e t  o f  h e p t a n e s  i n  s o m e  p o in t  a n d  

c a u s e  th e  a s p h a l t e n e  c o m e s  o u t  th a n  it s h o u ld .
4 .2 .2  A p p a r a tu s  M o d i f i c a t i o n  2

T o  im p r o v e  th e  r e p r o d u c ib i l i t y ,  a  1 0  p m  p r e - f i l t e r  w a s  a d d e d  b e f o r e  

th e  c o n n e c t in g  t e e  a s  s h o w n  in  F ig u r e  3 .2 .  T h e  p u r p o s e  f o r  a d d in g  th e  p r e - f i l t e r  is  to  

p r e v e n t  a n y  a s p h a l t e n e  p a r t ic le  f o r m e d  in  th e  m ix in g  s e c t i o n  fr o m  f l o w i n g  in to  th e  

c a p i l la r y .  T h e  r e s u lt s  fr o m  M o d i f i c a t i o n  2  (F ig u r e  3 .1 )  a n d  th e  c o m p a r i s o n  w i t h  

M o d i f i c a t i o n  1 s e t u p  ( H o e p f n e r ,  2 0 1 0  in  F ig u r e  2 .8 )  a re  s h o w n  in  F ig u r e  4 .3 .

30%C7 with o .or Diameter and 1' Length capillary

0 1 2 3 4
Time (hrs)

Figure 4.3 C o m p a r is o n  r e s u lt s  b e t w e e n  M o d i f i c a t i o n  2  a n d  M o d i f i c a t i o n  1 s e tu p .
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T h e  p r e s s u r e  d r o p  fr o m  th e  M o d i f i c a t i o n  1 a p p e a r s  t o  in c r e a s e  fa s te r  

c o m p a r e d  t o  th e  r e s u lt s  u s in g  M o d i f i c a t i o n  2 . T w o  p o s s i b l e  r e a s o n s  fo r  th is  d e la y  

w it h  th e  p r e - f i l t e r  a re  th a t  th e r e  c o u ld  b e  d e p o s i t io n  o c c u r r in g  in  th e  c o n n e c t i n g  t e e  

b e f o r e  th e  c a p i l la r y  o r  t h e  p r e - f i l t e r  c a u s e s  a  la g  t im e  in  th e  p r o c e s s .  H o w e v e r ,  th e  

p r e - f i l t e r  s h o u ld  n o t  c a u s e  a  s ig n i f ic a n t  d i f f e r e n c e  b e c a u s e  th e  r e s i d e n c e  t im e  in  th e  

m i x i n g  s y s t e m  o n l y  in c r e a s e d  s l i g h t ly  a f te r  a d d in g  t h e  p r e - f i l t e r  ( 1 8 .2  s e c o n d s  

c o m p a r e d  to  1 7 .5  s e c o n d s ) .  T h e  p r o p e r t ie s  o f  th e  1 0  p m  p r e - f i l t e r  c a n  b e  f o u n d  in  th e  

r e f e r e n c e  f r o m  H o e p f n e r  ( 2 0 1 0 ) .  T h e  r e s id e n c e  t im e  w a s  c a lc u la t e d  b y  E q u a t io n  6 .

R e s id e n c e  t im e  =
V o l u m e  o f  m i x i n g  s e c t i o n  
V o l u m e t r i c  F l o w  R a t e  ( Q' \ ( 6 )

O n e  m a jo r  d i s a d v a n t a g e  o f  M o d i f i c a t i o n  2  is  th a t  w e  c a n n o t  m e a s u r e  

th e  e f f e c t i v e n e s s  o f  th e  p r e - f i l t e r .  In  o r d e r  t o  u n d e r s ta n d  h o w  th e  p r e - f i l t e r  is  

o p e r a t in g ,  w e  in c o r p o r a t e d  a  s e c o n d  p r e s s u r e  tr a n s d u c e r  to  m e a s u r e  th e  p r e s s u r e  d r o p  

o f  th e  m i x i n g  s e c t io n .
4 .2 .3  A p p a r a tu s  M o d i f i c a t i o n  3

A s  m e n t io n e d  p r e v io u s ly ,  a n o th e r  p r e s s u r e  tr a n s d u c e r  n e e d s  t o  b e  

in s t a l le d  t o  fu r th e r  u n d e r s ta n d  th e  m i x i n g  s e c t io n .  T h e  s e c o n d  p r e s s u r e  tr a n s d u c e r  

w i l l  b e  c o n n e c t e d  b e t w e e n  th e  o i l  in l e t  l in e  a n d  th e  c o n n e c t i n g  t e e .  T h e  s c h e m a t ic  o f  

th is  m o d i f i c a t i o n  i s  s h o w n  in  F ig u r e  4 .4 .

Figure 4.4 A s p h a l t e n e  d e p o s i t io n  a p p a r a tu s  ( M o d i f i c a t i o n  3: s e c o n d  p r e s s u r e  

tr a n s d u c e r  w a s  in s t a l le d ) .
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T h e  e x p e r im e n t s  w e r e  p e r fo r m e d  a t th e  s a m e  c o n d i t io n s  a s  p r e v io u s  

M o d i f i c a t i o n  1. T h e  e x a m p l e  o f  r e s u lt s  fr o m  M o d i f i c a t i o n  3  i s  s h o w n  in  F ig u r e  4 .5 .

P r e s s u r e  p ro f i le  P r e s s u r e  p ro f i le

Figure 4 .5  S a m p le  o f  p r e s s u r e  p r o f i l e  fr o m  M o d i f i c a t i o n  3 . D a s h  l in e  s h o w s  th e  

p r e s s u r e  p r o f i l e  in  m i x i n g  s e c t i o n  w h i l e  s o l id  l in e  s h o w s  in  c a p i l la r y .

T h e  le f t  y - a x i s  in  F ig u r e  4 .5  p r e s e n t s  th e  p r e s s u r e  d r o p  in  m ix in g  

s e c t io n  (A PM ix) s h i f t e d  b y  th e  m e a n  p r e s s u r e  d r o p  o f  th e  s o lu t i o n  b e f o r e  th e  

d e p o s i t io n  s ta r ts  in  th e  m i x i n g  s e c t i o n  (A Piviixo). T h e  t im e  i s  s h i f t e d  b y  w h e n  h e p ta n e  

i s  f ir s t  in t r o d u c e d  in t o  t h e  s y s t e m .  W e  c a n  d i v i d e  th e  l e f t  g r a p h  in to  t w o  p e r io d s .  In  

th e  f ir s t  f e w  h o u r s ,  th e  r e s u lt s  f r o m  th e  m i x i n g  s e c t i o n  a n d  th e  c a p i l la r y  s h o w  t h o s e  

d e p o s i t s  a re  f o r m in g  in  b o th  s e c t i o n s .  A f t e r  f e w  h o u r s ,  a s  s h o w n  in  F ig u r e  4 .5  

( R ig h t ) ,  th e  p r e s s u r e s  in  b o th  s e c t i o n s  f lu c t u a t e d  in  d i f f e r e n t  d ir e c t io n .  A  p o s s i b l e  

r e a s o n  fo r  th is  o c c u r r e n c e  is  th a t  p a r t o f  th e  a s p h a l t e n e  d e p o s i t  f o r m e d  in  th e  m ix in g  

s e c t i o n  c a u s e d  a  c h a n g e  in  th e  v e l o c i t y  o f  th e  f lu id  e n t e r in g  th e  s y s t e m .  T h i s  s u r g e  is  

te m p o r a r y  a n d  th e  s y s t e m  w i l l  r e tu r n  to  n o r m a l  o p e r a t in g  c o n d i t io n s .  T h e  m a g n itu d e  

o f  th e  f lu c t u a t io n s  is  s m a l l  w i t h  r e s p e c t  to  th e  o v e r a l l  p r e s s u r e  d r o p  in d u c e d  b y  

a s p h a lt e n e  d e p o s i t io n  in  th e  c a p i l la r y .
4 .2 .4  C o m p a r is o n  R e s u l t s  fr o m  M o d i f i c a t i o n  2  a n d  3  w i t h  M o d i f i c a t i o n  1

F ig u r e  4 .6  s h o w s  a  c o m p a r i s o n  o f  th e  r e s u lt s  f r o m  th e  M o d i f i c a t i o n  1, 
M o d i f i c a t i o n  2  a n d  M o d i f i c a t i o n  3 . W e  c a n  c o n c lu d e  th a t  th e  r e s u l t s ,  i n c lu d in g  th e  

p r e - f i l t e r ' s  s e tu p , a p p e a r  t o  g e n e r a t e  m o r e  r e p r o d u c ib le  r e s u l t s  b u t  th is  o b s e r v a t io n

Capo
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n e e d s  t o  b e  in v e s t ig a t e d  fu r th e r  to  v a l id a t e  t h is  c o n c lu s io n .  E v e n  w i t h  th e  s m a ll  

d i f f e r e n c e  r e s u lt s  in  F ig u r e  4 .6 ,  th e  r e p r o d u c ib i l i t y  i s  s ig n i f i c a n t ly  im p r o v e d  fr o m  

B o e k  et al. ( 2 0 0 8 ) .

30% C7 w ith  0.01" D ia m e te r  a n d  V  L e n g th  c a p illa r y

0 1 2 3 4 5
ท m e  <hrs)

Figure 4 .6  C o m p a r is o n  o f  a ll  th e  3 0  v o l%  C 7  r e s u lt s  f r o m  e v e r y  s e t u p s .

4 .2 .5  E f f e c t  o f  M i x i n g  F r it

30%C7 with 0.01" Diameter and 1' Length capillary

Time (hrs)

Figure 4.7 C o m p a r is o n  o f  th e  r e s u lt s  o f  n e w  a n d  r e u s e d  m i x i n g  fr its .
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F r o m  th e  r e s u lt s  o f  M o d i f i c a t i o n  2  a n d  3 ,  w e  c a n  s e e  th a t  th e  r e s u lt s  

s e p a r a te  in to  t w o  g r o u p s .  F ir s t  g r o u p  is  th e  r e s u lt s  th a t  d e p o s i t s  o c c u r s  fa s te r  a n d  

s e c o n d  is  th e  s lo w e r  o n e ,  a s  s h o w n  in  F ig u r e  4 .7 .  T h e  e x p e r im e n t s  th a t  u s e d  a  n e w  

m i x i n g  fr it , lo c a t e d  in  th e  m ix in g  t e e ,  s ta r te d  to  d e p o s i t  s lo w e r  th a n  th e  r u n s  w i t h  a  

w a s h e d  a n d  r e u s e d  fr it  w h ic h  m e a n s  th e  fr it s  c a n ’t c o m p l e t e l y  c l e a n  s o  fu tu r e  

e x p e r im e n t s  w i l l  u s e  a  f r e s h  m ix in g  fr it e a c h  t im e .

4.3 Precut Capillary

T h e  d i f f e r e n c e s  o f  la g  t im e  in  p r e v io u s  r e s u l t s ,  i .e .  F ig u r e  4 .6  a n d  F ig u r e
4 .7 ,  m a y  h a v e  b e e n  a s  a  r e s u lt  o f  r o u g h n e s s  in tr o d u c e d  in  th e  c a p i l la r y  d u r in g  th e  

c u t t in g  p r o c e s s  b y  r o ta r y  c u tte r  a n d  h o l e  d r i l l in g  b y  m ic r o d r i l l  s o  th e  p r e c u t  

c a p i l la r ie s ,  w h i c h  h a v e  s m o o t h e r  s u r f a c e  c o m p a r e d  t o  c u t  c a p i l la r i e s ,  s h o u ld  b e  th e  

k e y  to  s o lv e  th is  p r o b le m .
T o  p r o v e  th is  h y p o t h e s i s ,  a  p r e c u t  c a p i l la r y  w a s  u s e d  to  ru n  u n d e r  s a m e  

c o n d i t io n s  a s  th e  c u t  c a p i l la r y :  3 0  v o l%  C 7  w i t h  5  m L /h r  f l o w  r a te . T h e  r e s u lt s  c a n  

b e  s e e n  in  F ig u r e  4 .8 .

30%C7 with 0.01" Diameter and 1' Length capillary
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Time (hrs)

Figure 4.8 C o m p a r i s o n  o f  th e  r e s u lt s  b e t w e e n  c u t  c a p i l la r y  a n d  p r e c u t  c a p i l la r y .
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T h e  d e p o s i t io n  s ta r te d  to  o c c u r  s lo w e r  in  c a s e  o f  p r e c u t  c a p i l la r y  w h ic h  

in d ic a t e  th a t  th e  r o u g h n e s s  o f  th e  c u t  c a p i l la r y  m a y  h a v e  a id e d  d e p o s i t io n  p r o c e s s .  A  

p o s s i b l e  m e c h a n i s m  is  th a t u n s ta b le  a s p h a l t e n e s  a d h e r e  to  th e  r o u g h  s u r f a c e s  m o r e  

e a s i l y  th a n  s m o o t h  s u r f a c e s  a n d  th e  s u b s e q u e n t  a t ta c h m e n t  o f  o th e r  a s p h a lt e n e  

p a r t ic le s .

4.4 Asphaltene Deposition in Different Precipitant Concentration

F ig u r e  4 . 9  s h o w s  th e  r e s u lt s  o f  a s p h a lt e n e  d e p o s i t io n  in  d i f f e r e n t  p r e c ip ita n t  

c o n c e n t r a t io n s  fr o m  o n s e t  p o in t  a n d  b e l o w  o f  C H  c r u d e  o i l  th a t  h a v e  b e e n  d o n e  w ith  

1- f t  p r e c u t  c a p i l la r y .

n im « I n i « É i m  .........  II. H๗ .  .
0 2 4 6 8 10 12 14

T im e  (h rs )

Figure 4.9 D e p o s i t i o n  r e s u lt s  fr o m  2 0  v o l%  to  4 0  v o l%  C 7  ( o n s e t  p o in t ) .

F r o m  th e  r e s u lt s  in  F ig u r e  4 .9 ,  th e  d e p o s i t io n  p r o c e s s  o c c u r r e d  fa s te r  in  th e  

c a s e s  w h e n  m o r e  u n s t a b le  a s p h a l t e n e s  s e p a r a te  fr o m  th e  c r u d e  o i l .  F o r  3 5  v o l%  C 7 ,  

th e  p r e c ip i t a t e d  a s p h a l t e n e s  c a n ' t  b e  s e e n  u n d e r  m i c r o s c o p e ,  s m a l le r  th a n  0 .5  p m , a s  

s h o w n  in  F ig u r e  4 .1  b u t th e  d e p o s i t io n  tr e n d  w a s  a lm o s t  th e  s a m e  a s  4 0  v o l%  C 7  

w h i c h  m e a n s  th e  d e p o s i t io n  d o e s n ’t n e e d  th e  la r g e  p a r t ic le  t o  s ta r t th e  d e p o s i t io n  

p r o c e s s  a n d  a s p h a l t e n e s  c a n  d e p o s i t  b e f o r e  th e y  g r o w  to  a  d e t e c t a b le  s iz e .  H o w e v e r ,  
a s p h a l t e n e  d e p o s i t io n  s t i l l  o c c u r s  a l t h o u g h  th e  l i t t le  a m o u n t  o f  p r e c ip i ta n t  w a s  a d d e d .
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4.5 Asphaltene Deposition Uniformity and Location

W e  w a n t  to  k n o w  h o w  d e p o s i t io n  fo r m  a n d  w h e r e  it b e lo n g s  in s id e  c a p i l la r y  

s o  th e  s h o r t  a n d  lo n g  p r e c u t  c a p i l la r y ,  2 - in  a n d  1 2 - in  c a p i l la r y ,  w e r e  u s e d  in  th is  

e x p e r im e n t  u n d e r  3 0  v o l%  C 7  w i t h  5 m L /h r  f l o w  ra te . T h e  r e s u l t s  w e r e  s h o w n  in  

F ig u r e  4 .1 0 .

3 0 % C 7  w i th  0 .0 1 "  D ia m e t e r  a n d  v a ry  L e n g th  c a p i l l a r y  3 0 % C 7  w i th  0 .0 1 ” D i a m e t e r  a n d  v a ry  l e n g th  c a p i l l a r y

Figure 4.10 D e p o s i t i o n  r e s u lt s  fr o m  2 - i n  a n d  1 2 - in  c a p i l la r y .

F r o m  F la g e n - P o is e u l l e  E q u a t io n ,  ( 1 ) ,  le n g t h  c a n  b e  c u t te d  in  c a s e  o f  u n ifo r m  

d e p o s i t .  T h e  y - a x i s  fr o m  F ig u r e  4 .1 0  ( R )  s h o w s  th e  p r e s s u r e  d r o p  s c a le d  b y  le n g th  to  

p r o v e  th e  d e p o s i t  w a s  u n i f o r m  o r  n o t  a n d  w e  c a n  s e e  th a t  th e  d e p o s i t  w a s n ’t  u n ifo r m  

a t a l l .  In  o t h e r  h a n d , th e  r e s u lt s  fr o m  F ig u r e  4 .1 0  ( L )  s h o w e d  th e  r e s u l t s  w h i c h  a lm o s t  

l i e s  o n  e a c h  o t h e r  th a t  m e a n t  th e  d e p o s i t  o c c u r r e d  w i t h in  th e  f ir s t  2  in c h e s  o f  

c a p i l la r y .

4.6 Extend Study to Second Crude Oil, GM3

F r o m  th e  e x p e r im e n t  w i t h  C H , M o d i f i c a t i o n  3  w a s  th e  b e s t  a p p a r a tu s . T o  

f u l l y  v a l id a t e  th is  a p p a r a tu s , w e  n e e d  to  p e r fo r m  e x p e r im e n t s  w i t h  o th e r  c r u d e  o i l s  a s  

w e l l .  A  l o w  a s p h a l t e n e  c o n t e n t  c r u d e  o i l ,  G M 3 ,  w a s  u s e d  fo r  th is  e x p e r im e n t .  T h e  

a s p h a lt e n e  c o n t e n t  a n d  v i s c o s i t y  in  s e c o n d  o i l  i s  l e s s  th a n  CFI a lm o s t  4  t im e s  a n d  2



25

t im e s  r e s p e c t i v e ly .  T h e  e x p e r im e n t s  w e r e  d o n e  in  th e  M o d i f i c a t i o n  3 ( N o r m a l  s e tu p  

fo r  G M 3 ) ,  M o d i f i c a t i o n  A  a n d  M o d i f i c a t i o n  B . F u l l  a p p a r a tu s e s  c a n  b e  s e e n  in  

A p p e n d i x  B . C o n n e c t in g  l in e  a n d  s e c o n d  p r e s s u r e  tr a n s d u c e r  w e r e  u s e d  in  e v e r y  

s e tu p . T h e  r e s u lt s  c a n  b e  s e e n  in  F ig u r e  4 .1 1 .

Table 4.1 S u m m a r y  o f  a s p h a lt e n e  d e p o s i t io n  a p p a r a tu s  fo r  G M 3  c r u d e  o i l

A p p a r a tu s  f o r  G M 3 C o m p a r e  w i t h  C H  e x p e r im e n t
N o r m a l  s e tu p S a m e  a s  M o d i f i c a t i o n  3

M o d i f i c a t i o n  A S a m e  a s  M o d i f i c a t i o n  1

M o d i f i c a t i o n  B
S a m e  a s  M o d i f i c a t i o n  1 b u t  

n o  m i x i n g  fr it

4 5 % C 7  w i th  0 .0 1 "  D ia m e te r ,  1 ' L e n g th  c a p i l l a r y

0 2 4 6 8
T im e  ( h r s )

Figure 4.11 C o m p a r is o n  r e s u lt s  b e t w e e n  n o r m a l  s e t u p ,  M o d i f i c a t i o n  A  a n d  

M o d i f i c a t i o n  B .

T h e  d e p o s i t io n  o c c u r s  in s id e  c a p i l la r y  w h e n  M o d i f i c a t i o n  A  a n d  

M o d i f i c a t i o n  B  w e r e  a p p lie d .  T h e  s lo w e r  m i x i n g ,  n o  m i x i n g  fr it  h e lp e d  m i x i n g  b o th  

s o lu t i o n s  in to  e a c h  o th e r , in  M o d i f i c a t i o n  B  m a y  b e  th e  p o s s i b l e  r e a s o n  w h y  

d e p o s i t io n  w a s  fa s te r  th a n  M o d i f i c a t i o n  A . In  c a s e  o f  N o r m a l  s e tu p , p r e - f i l t e r  

p o s s i b l y  a c te d  a s  a  s in k  f o r  a s p h a l t e n e s  to  d e p o s i t .
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T o  u n d e r s ta n d  m o r e  w h a t ’ s  h a p p e n  w i t h  G M 3 , t h e  p r e s s u r e  p r o f i l e  in  

m i x i n g  s e c t i o n  n e e d e d  t o  s tu d y  t o o .  T h e  r e s u lt s  o f  t h e s e  th r e e  s e t u p s  w e r e  s h o w n  in  

F ig u r e  4 .1 2 .
4 5 % C 7  w i th  0 .0 1 "  D ia m e te r ,  1 ' L e n g th  c a p i l l a r y

0 2 4 6 8
T im e  ( h r s )

Figure 4.12 C o m p a r is o n  r e s u lt s  o f  m i x i n g  s e c t i o n  b e t w e e n  N o r m a l  s e tu p ,  
M o d i f i c a t i o n  A  a n d  M o d i f i c a t i o n  B .

M o s t  o f  th e  d e p o s i t io n  o c c u r r e d  in  th e  m i x i n g  s e c t i o n  j u s t  o n l y  w h e n  

N o r m a l  s e tu p  w a s  a p p l ie d  b u t  th e r e  w a s  t h e  s m a l l  d e p o s i t  o r  n o t h in g  in  o t h e r  s e t u p ’s 

e x p e r im e n t  a s  s h o w n  in  F ig u r e  4 .1 2 .  W e  d i d n ’t k n o w  e x a c t l y  w h y  it h a p p e n e d  l ik e  

t h is .  A l l  w e  k n o w  w a s  th a t  th e  p r e s s u r e  d r o p  in  th e  m i x i n g  s e c t i o n  w a s  f r o m  th e  fr its  

a n d  th a t  h a v in g  t w o  fr it s  p r e v e n t s  d e p o s i t io n  fr o m  o c c u r  in  t h e  c a p i l la r y .  F o r  

M o d i f i c a t i o n  A  a n d  M o d i f i c a t i o n  B ’s  r e s u l t s ,  th e r e  w a s  a  d e p o s i t  h a p p e n  w h e n  

m i x i n g  fr it  w a s  a d d e d . T h e  p o s s i b l e  r e a s o n s  w e r e  a s p h a l t e n e  c a n  a d h e r e  in s id e  th e  

m i x i n g  fr it  o r  th e  m i x i n g  fr it  h e lp e d  th e  s o lu t i o n s  t o  h a v e  b e t t e r  m i x i n g  th e n  

a s p h a l t e n e  w i l l  d e s t a b i l i z e  fa s te r .
F r o m  F ig u r e  4 .1 1  a n d  4 .1 2 ,  th e  a p p r o p r ia te d  a p p a r a tu s  fo r  G M 3  s h o u ld  b e  

M o d i f i c a t i o n  A  b e c a u s e  th e r e  w a s  th e  d e p o s i t io n  in  b o th  m i x i n g  s e c t i o n  a n d  c a p i l la r y  

s a m e  a s  th e  r e s u lt s  f r o m  C H  e x p e r im e n t .  W h e n  c r u d e  o i l  a n d  h e p t a n e s  c o n t a c t  w ith  

e a c h  o th e r , th e  a s p h a l t e n e  p a r t ic le s  s h o u ld  c o m e  o u t  a n d  s ta r t  t o  d e p o s i t  b e c a u s e  o f  

th is  r e a s o n  t h a t ’s  w h y  M o d i f i c a t i o n  B  w a s n ’t g o o d  e n o u g h .
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4.7 Comparison Results from CH and GM3 Crude Oils

B o t h  c r u d e  o i l s  w e r e  s t u d ie d  b e l o w  o n s e t  p o in t  w i t h  th e  s a m e  e x p e r im e n t a l  

c o n d i t io n s  s u c h  a s  te m p e r a tu r e  a n d  to ta l  f l o w  ra te . F r o m  p r e v io u s  s e c t i o n s ,  w e  c a n  

s e e  th e  d e p o s i t io n  o c c u r r e d  in s id e  th e  m i x i n g  s e c t i o n ,  w h e n  m i x i n g  fr it  w a s  a d d e d .  
T h e  m i x i n g  fr it  m a y  im p r o v e d  m i x i n g  t h e  s o lu t io n  o r  a c t e d  l ik e  a  s in k  f o r  a s p h a lt e n e  

t o  d e p o s i t  in s id e .  In  th e  o th e r  h a n d , th e  f ir s t  p u r p o s e  o f  p r e - f i l t e r  f o r  C H  e x p e r im e n t  

w a s  p r e v e n t  th e  f o r m e d  a s p h a lt e n e  . f lo w e d  in to  c a p i l la r y  b u t  it l o o k e d  l ik e  th e  b e s t  

p la c e  to  fo r m  d e p o s i t io n  in  G M 3  e x p e r im e n t  a s  w e  c a n  s e e n  in  F ig u r e  4 .1 1  a n d  4 .1 2 .  
T h e  r e a s o n s  f o r  t h e s e  r e s u l t s  m a y  b e  h a p p e n  d u e  to  t h e  d i f f e r e n t  in  v i s c o s i t y  a n d  

a m o u n t  o f  a s p h a l t e n e  c o n t e n t  in  c r u d e  o i l .  O il  a n d  h e p t a n e s  w i l l  d i f f u s e  in to  e a c h  

o th e r  b e t t e r  w h e n  th e  lo w e r  v i s c o s i t y ,  c r u d e  o i l  w a s  u s e d .  A s p h a l t e n e  m a y  h e lp  o th e r  

p a r t ic le s  s t a b le  w i t h  e a c h  o th e r  s o  th e  d e p o s i t io n  in  h ig h e r  a s p h a l t e n e  c o n t e n t  w i l l  

o c c u r  s lo w e r .  F o r  C H , th e  d e p o s i t io n  i n s id e  c a p i l la r y  w i t h  M o d i f i c a t i o n  2  o c c u r r e d  

s lo w e r  th a n  M o d i f i c a t i o n  1. M a y b e  th e  a s p h a l t e n e  in  C FI a l s o  d e p o s i t e d  in s id e  p r e ­
f i l t e r  a s  w e l l  b u t  l e s s  s ig n i f ic a n t  c o m p a r e  t o  G M 3 .

F r o m  t h e s e  t w o  c r u d e  o i l s ,  w e  h a v e  to  a d a p t th e  a p p a r a tu s  in  e a c h  c r u d e  o i l  

fo r  f in d in g  th e  b e s t  a p p a r a tu s .
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