
CHAPTER II 
LITERATURE REVIEW

2.1 Crude Oil

P etr o le u m  cru d e o i l  is  a c o m p le x  m ix tu re  o f  h y d ro ca rb o n s c o n ta in in g  
v a r ie ty  o f  m o le c u le s  w ith  d iffe r e n t p h y s ic a l and c h e m ic a l p ro p erties . C o m m o n ly  the  
cru d e o i ls  are sep ara ted  in to  fou r  c la s se s  o f  so lu b ility :  sa tu ra tes  a ro m a tic s , re s in s , and  
a sp h a lten es  ( S A R A )  (W attan a , (2 0 0 4 ) . T h e  sc h e m a tic  o f  S A R A  sep a ra tio n  is  sh o w n  
in  F ig u re  2 .1 .

C ru d e O il
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S o lu b le  In so lu b le

Figure 2.1 S c h e m a tic  o f  cru d e  o i l  sep ara tio n  (S A R A )  in to  fou r  c la s s e s  o f  so lu b ility :  
sa tu rates, a ro m a tic s , resin s and  a sp h a lten es  (W a ttan a , 2 0 0 4 ) .
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2.2 Asphaltenes

A sp h a lte n e s  are o p e r a tio n a lly  d e fin e d  as a s o lu b ility  c la s s , n a m e ly  the  
fraction  o f  cru d e o il that is  in so lu b le  in  n orm al a lk a n es  but are so lu b le  in arom atic  
so lv e n ts . T h e y  are dark b ro w n  to  b la c k  dry p o w d e rs  w ith  n o d e fin ite  m e lt in g  p o in t  
(M u llin , 2 0 0 7 ) .  In a d d itio n , th eir  a m o u n ts  and p rop erties can  b e  c la s s if ie d  b y  th e  ty p e  
o f  p rec ip itan t u se d , for e x a m p le , a sp h a lten es  p rec ip ita ted  from  cru d e o i l  w ith  h ep ta n e  
w o u ld  b e referred  as C 7 -a sp h a lte n e s . O n e  m eth o d  that is  u sed  to y ie ld  th e  am o u n t o f  
a sp h a lten e  in  a g iv e n  cru d e o il is  th e  A S T M  D 2 0 0 7 - 8 0  (1 9 8 0 ) , w h e r e  cru d e o i l  is  
d ilu ted  b y  e ith er  n -p en ta n e  or n -h ep ta n e  at a v o lu m e  ratio  o f  1 :40 and  th en  filtered  
after  tw o  d a y s  to  sep arate  th e  a sp h a lten es . T h e m ain  c o m p o n e n ts  o f  a sp h a lten es  are 
carb on  and h y d ro g en , b ut th e y  a lso  c o n ta in  sm all q u a n titie s  o f  h e tero a to m s su ch  as  
n itro g en , su lfu r  and o x y g e n  and s o m e  m eta ls  lik e  n ic k e l, v a n a d iu m  and iron  
(K a m in sk i e t  a l . ,  2 0 0 0 ) .

2.3 Asphaltene Precipitation Onset Point

C ru d e o i ls  h a v e  b e e n  in th e  reserv o ir s  for m il l io n s  o f  y ea rs  and  th e y  e x is t  as  
a sta b le  m ix tu re  at reserv o ir  c o n d it io n s . A  ch a n g e  in  th erm o d y n a m ic  c o n d it io n s , su ch  
as p ressu re , tem p era tu re  or c o m p o s it io n  m a y  c a u se  d e s ta b iliz a t io n  o f  th e  cru d e o i l  
and  a sp h a lte n e s  can  th en  p rec ip ita te  ou t. In f ie ld  c o n d it io n s , th e  m o st  c o m m o n  
m e c h a n ism  fo r  a sp h a lten e  p r ec ip ita tio n  and  d e p o s it io n  is  a ch a n g e  o f  p ressu re  d u rin g  
m o v e m e n t  o f  o i l  from  w e llb o r e  to th e  su r fa ce  (H a sk ett e t  a l ,  1 9 6 5 ). T h e  u se  o f  an ท- 
a lk a n e  p rec ip ita n t in  th e  lab ora tory  ca n  s im u la te  th e  d e s ta b iliz a t io n  e f fe c t  o f  
d e p r e ssu r iz a tio n  that o c c u r s  in  th e  reserv o ir  (G o n z a le z  e t  a l . ,  2 0 0 7 ) .

M a q b o o l e t  a l. ( 2 0 0 9 )  h a v e  s h o w n  in  that k in e t ic s  p la y  a ro le  in  a sp h a lte n e s  
p rec ip ita tio n . A s  ca n  b e  s e e n  in  th e ir  a r tic le , p r e c ip ita tio n  d o e s  o c cu r  for  
c o n c e n tr a tio n s  b e lo w  th e o n se t  v o lu m e , but it tak es lo n g  t im e s , d a y s  or m o n th s, to  b e  
a b le  d e tec t  th e  p rec ip ita tio n . A  n o v e l cen tr ifu g a tio n -b a se d  sep ara tio n  te c h n iq u e  w a s  
d e v e lo p e d  to  q u a n tify  th e  a m o u n t o f  a sp h a lten es  p rec ip ita ted  as a fu n c t io n  o f  t im e .

F ig u re  2 .2  h as b e e n  ex tra cted  from  M a q b o o l et a l. (2 0 0 9 ) .  In th is  
ex p e r im e n t, th e  am o u n t o f  a sp h a lten e  in  a m ix tu re  o f  4 6 .5  v o l%  o f  h ep ta n e  in  K1
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cru d e o i l  h as b een  in v e s t ig a te d  as a fu n c tio n  o f  t im e  u s in g  th e cen tr ifu g a tio n  
te c h n iq u e . It can  b e s e e n  that th e  am o u n t o f  a sp h a lten es  p rec ip ita ted  g ra d u a lly  
in c r e a se s  and  rea ch es a p la tea u  v a lu e  after m ore  than  5 0 0  h ou rs. T h is  p la teau  v a lu e  
c o rr esp o n d s  to th e  e q u ilib r iu m  am o u n t o f  a sp h a lten es  that p rec ip ita te  fro m  a m ix tu re  
o f  4 6 .5  v o l%  h ep tan e in  K1 cru d e o il. M a q b o o l e t a l. (2 0 0 9 )  h a v e  a lso  sh o w n  that as  
the h ep ta n e  co n ce n tr a tio n  in c r e a se s , the eq u ilib r iu m  a m o u n t o f  a sp h a lten es  
p rec ip ita ted  a lso  in c r e a se s  w h ile  th e  tim e  to reach  e q u ilib r iu m  d e c r e a se s . T h is  
o b se r v a tio n  e m p h a s iz e s  the im p o rta n ce  o f  c o n d u c tin g  a sp h a lte n e  p rec ip ita tio n  
e x p e r im e n ts  on  a lo n g e r  t im e  sc a le  in  order to d e term in e  th e eq u ilib r iu m  a m o u n t o f  
a sp h a lte n e s  p rec ip ita ted .

Figure 2 .2  A m o u n t o f  a sp h a lte n e s  p rec ip ita ted  as a fu n c tio n  o f  t im e  u s in g  K1 cru d e  
o il  at 4 6 .5  v o l%  h ep ta n e . (M a q b o o l e t  a l ,  2 0 0 9 ).

T h e  ex p e r im e n ta l w o rk  p resen t here w i l l  fo c u s  o n  ca p illa r y  d e p o s it io n  
e x p e r im e n ts , w h ic h  is o n e  p o s s ib le  ap p roach  to  d e te c t  th e  in s ta b ility  o f  a sp h a lte n e s  
m o re  q u ic k ly  than b a tch  a g g r e g a tio n  p r o c e ss  d u e  to  c o n tin u o u s  so u r c e  o f  d e s ta b iliz e d  
a sp h a lte n e s  at the ca p illa r y  en tran ce.
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2.4 Asphaltene Deposition Experiment

In p r e v io u s  ca p illa r y  d e p o s it io n  w o rk s , o n ly  the a sp h a lte n e  d e p o s it io n  near  
and  p a st the o n se t  p o in t  has b een  la rg e ly  in v e s t ig a te d  (W a n g  e t  a l ,  2 0 0 4 ;  M a q b o o l e t  
a l . ,  2 0 0 6 ) .  W a n g  e t  a l .  ( 2 0 0 4 )  s tu d ied  the u n ifo rm ity  o f  a sp h a lte n e  d e p o s it io n  in  
c a p illa r ie s  b y  c o l le c t in g  th e d e p o s its  and d e te r m in in g  the to ta l m a ss  o f  the d e p o s it . In 
th e se  e x p e r im e n ts , o il-p r e c ip ita n t m ix tu res w e r e  fed  in to  a c a p illa r y  at a  lo w  f lo w  
rate o f  4 .8  m L /h . T o  en su re  p rop er m ix in g , th e  so lu t io n  f lo w e d  th rou gh  a  so n ic a tin g  
b ath  b efo re  en ter in g  th e  ca p illa ry . T h e p ressu re  drop acro ss  th e  ca p illa ry  w a s  a lso  
m e a su r e d  in  th is  w o rk . N itr o g e n  g a s  (N 2) w a s  u se d  to d isp la c e  th e  re m a in in g  o i l  in  
th e  ca p illa r y  at a lo w  f lo w  rate an d  th en  u sed  to dry th e  d e p o s it  w ith  a h ig h  f lo w  rate. 
T h e d e p o s it  w a s  d is s o lv e d  w ith  to lu e n e  and T H F  and w e ig h e d  a fter th e  s o lv e n t  had  
ev a p o ra ted . A c c o r d in g  to H a g e n -P o ise u ille  e q u a tio n , the p ressu re  drop for a flu id  
f lo w in g  th rou gh  a ca p illa r y  tub e w ith  radius R  and  len g th  L is

w h e r e  p  is v is c o s ity  and  Q  is v o lu m e tr ic  f lo w  rate.
F or th e a ssu m p tio n  o f  u n ifo rm  d e p o s it , th e  in n er su r fa ce  o f  th e  ca p illa r y  w ith  

th ic k n e ss  A R (t), th e  p ressu re  drop  A P (t) w ill c h a n g e  w ith  t im e  (t) as:

T h e  au th or h as c o n c lu d e d  in  th is  w o rk  that th e  d e p o s it  is  u n ifo rm  w h e n  the  
c o n c e n tr a tio n  is  c lo s e  to  th e  o n se t  p o in t. T h e  c o lle c te d  d e p o s it  is a p p r o x im a te ly  the  
sa m e  as c a lcu la ted , an d  th e  au th ors c o n s id e r e d  th e  d e p o s it  as u n ifo rm , as ca n  b e  se e n  
in  F ig u re  2 .3 .

(1 )

(2 )



6

<vC5 A-C’10 O-C10 R-C15 n-CIS I>-C15 n-C7 rvC10 n-C15
length ■  167 m tenjSi = 32-5 m

(a) Oil ร (พ Oil F

Figure 2.3 T h e  th ic k n e ss  fro m  p red icted  and  c o lle c te d  o f  tw o  cru d e o i ls ,  O il ร and  
O il F (W a n g  ๙ ๔ . ,  2 0 0 4 ) .

H o e p fn e r  (2 0 1 0 )  in v e s tig a te d  a sp h a lten e  d e p o s it io n  b e lo w  th e  o n se t  p o in t. 
T h e  o n se t  v o lu m e  o f  th e  o il u sed  w a s  4 0  v o i.%  h ep tan e. T h e  m ea su red  in crea se  in  
th e  p ressu re d rop  a c ro ss  th e  ca p illa ry  s e c t io n  in d ica tes  th e  fo rm a tio n  o f  d e p o s it  
in s id e  th e  ca p illa ry . T h e  resu lts  revea l that a sp h a lten es  are d e s ta b iliz e d  and  h a v e  th e  
a b ility  to  d e p o s it  b e fo re  th e  in sta b ility  can  b e  id en tified  b y  m ic r o sc o p y . F igu re 2 .4  
s h o w s  th e  p ressu re  drop p r o f ile  o f  d ifferen t p rec ip itan t c o n cen tra tio n s  an d  d e p o s it io n  
w a s  d e te c te d  at h ep ta n e  c o n cen tra tio n s  as lo w  as 2 0  vo l.% .

I
ร ุ
£

Figure 2.4 P ressu re  d rop  p r o f ile  o f  d ifferen t p rec ip itan t co n ce n tr a tio n  (H o ep fn er , 
2 0 1 1 ) .



7

A n o th e r  c o n c lu s io n  from  th is  w o rk  w a s  that d e p o s it  is  n o n -u n ifo r m  and  
lo ca ted  n ear th e en tra n ce  o f  the cap illa ry . F igu re 2 .5  s h o w s  a c o m p a r iso n  b e tw e e n  a  
1 fo o t  and a 2  in ch  len g th  from  th is  w o rk  in d ica ted  that d e p o s it  is  o ccu rr in g  
p r e feren tia lly  near th e  ca p illa ry  in let.

A s  h ep ta n e  and  cru d e o i l  are c o n tin u o u s ly  fe e d  in to  th e  ca p illa ry , it is  
m an d atory  to  k n o w  w h eth er  or n o t th e  liq u id s are b e in g  w e l l  m ix e d . In ord er to  
ob ta in  to en su re  th e  g o o d  m ix in g , a pre m ix in g  se c t io n  is  u sed . T o  v a lid a te  th e  p rop er  
m ix in g  in  th e  sy s te m , H o e p fn e r  ( 2 0 1 0 )  u sed  C o m p u ta tio n a l f lu id  d y n a m ic  (C F D )  
s im u la tio n s  to d em o n stra te  that the o ik h e p ta n e  m ix tu re  w ill  b e  w e l l  m ix e d  i f  m ix in g  
frit and a 2 - in c h  s ta in le s s  s tee l ca p illa ry  w ith  a 0 .0 3  in ch  in n er d ia m eter  (ID ) w e r e  
ad d ed  b e fo r e  th e  so lu t io n  f lo w s  in to  th e  cap illa ry  te st  se c t io n . F ig u re  2 .6  s h o w s  th e  
C F D  s im u la tio n s  o f  th e  m ix in g  sy s te m . A  p re-filter  w a s  a lso  ad d ed  to  p rev en t  
a sp h a lten es  fo rm ed  in  th e  m ix in g  s e c t io n  from  tr a v e llin g  in to  th e  ca p illa ry  te st  
se c t io n . F ig u re  2 .7  s h o w s  th e  apparatus fro m  th is w ork .

Figure 2.5 C o m p a r iso n  o f  AP - A P0 v s . t im e  p lo t for  the sh ort (2  in c h ) and lo n g  
(1 fo o t)  c a p illa r ie s  (H o e p fn e r , 2 0 1 1 ).
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Figure 2.6 T o p  and  s id e  v ie w  o f  th e  C F D  s im u la tio n s  o f  th e  m ix in g  sy s te m . B y  the  
t im e  th e m ix tu re  r ea c h es  the o u tle t , it is  c o m p le te ly  m ix e d  (H o e p fn e r , 2 0 1 0 ) .

Con stantTem pe ratu reWater Bath

Figure 2.7 A sp h a lte n e  d e p o s it io n  apparatus setu p  (H o e p fn e r , 2 0 1 1 ) .

2.5 Effects on Asphaltene Deposition

Nabzar et al. (2008) mixed an asphaltenedoluene solution with heptane to
study the shear effects on asphaltene deposition by using the same capillary and
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v a r y in g  th e sh ear  rate. A  sa m p le  resu lt is sh o w n  in  F ig u re  2 .9 . T h e c o n c lu s io n  w a s  
that a sp h a lte n e  d e p o s it io n  is s e n s it iv e  to the sh ear rate u n til it reach ed  a c r it ic a l shear  
rate.

F ig u r e  2 .8  E v id e n c e  o f  sh ear  lim ita tio n  from  ex p e r im e n ts  (N a b za r  e t a l ,  2 0 0 8 ) .

A sp h a lte n e  d e p o s it io n  h a s  b e e n  in v e s t ig a te d  in  p r e v io u s  s tu d ie s , but the  
m e c h a n ism  is  s ti ll u n k n o w n . T o  in v e s tig a te  th e  m e c h a n ism  o f  a sp h a lten e  d e p o s it io n , 
it is  im p o rtan t to  v a lid a te  th e  ap p aratu s and c o n d u c t th e  e x p e r im e n ts  to  v e r ify  the  
p r o p o se d  m e c h a n ism .

T h e  ex p e r im e n ta l w o rk  p resen ted  h ere  w il l  fo c u s  o n  s tu d y in g  a sp h a lten e  
d e p o s it io n  in  a ca p illa ry  at lo w  h ep ta n e  c o n c e n tr a tio n s , o b ta in in g  im a g e s  o f  the  
d e p o s it  and  e v a lu a t in g  th e  d e p o s it io n  th ic k n e ss  a lo n g  th e  len g th . Further g o a ls  w ere  
to  d e te r m in e  th e  q u a lity  o f  m ix in g  in  the ca p illa ry  d e p o s it io n  ap p aratu s, th e  lo c a t io n  
o f  th e  d e p o s it  an d  th e m e c h a n ism  o f  a sp h a lte n e  d e p o s it io n . A d d it io n a lly , the  
d e p o s it io n  b e h a v io u r  o f  d iffe r e n t ty p e s  o f  cru d e o i l  w a s  in v e s t ig a te d  to  c h e c k  for  
a p p lic a b ility  o f  th e  resu lts  in  d iffe r e n t reserv o irs .
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