
CHAPTER II
THEORETICAL BACKGROUND AND LITERATURE REVIEW

2.1 Asphaltenes

Petroleum crude oil is a mixture of diverse molecules with different 
chemical and physical properties and is usually fractionated into four major 
categories: asphaltenes, resins, small ring aromatics, and saturates (Wattana, 2004). 
Asphaltenes are the heaviest and most polarizable fraction of the crude oil and are 
defined functionally as fraction of crude oil soluble in aromatic solvents such as 
toluene and insoluble in normal alkanes such as heptane (Permsukarome et a i ,  
1997). They are composed of condensed polynuclear aromatic rings, traces of 
heteroatoms (ร, N, and O) and small amounts of metal content such as nickel and 
vanadium (Ancheyta et a i ,  2002). According to complex nature of asphaltenes, the 
chemical structure of asphaltenes has still been difficult to identify. However, the 
well-known island model has been proposed to describe the architecture of 
asphaltenes since several decades ago. This proposed model illustrates that each 
asphaltene molecule is composed of only one or two fused polycyclic aromatic 
hydrocarbons (PAHs) surrounded by peripheral alkyl chains (Dickie et a i ,  1967). 
Extensive works has modified the island model to be widely accepted model in 
asphaltene sciences which is “Yen-Mullin model". As can be seen in Figure 2.1.1, 
this model showed that moderated-sized polycyclic aromatic hydrocarbon ring 
system can form asphaltene nanoaggregates with estimated aggregation number of 6 
and consequently form clusters of nanoaggregates with aggregation number around 8 
(Mullins, 2010).

Asphaltenes are believed to exist as aggregated colloidal particles in the 
crude oils (Betancourt et a i ,  2008) and model mixtures (Andreatta et a i ,  2005). 
Changes in composition, pressure or temperature during oil production can cause 
destabilization of colloidal asphaltenes (Mullins et a i ,  2012). Once destabilized, 
asphaltenes tend to aggregate into clusters and deposit. Their deposition can lead to 
plugging of reservoir wells and pipelines causing the reduction in oil production 
capacity (Hoepfner et a i ,  2013).
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Figure 2.1 Yen-Mullins model (Mullins et al., 2012).

2.2 Asphaltene Precipitation

Destabilization and precipitation of asphaltenes are usually induced by 
adding precipitant into crude oils or model mixtures. As mentioned earlier, 
asphaltenes can be destabilized and tend to aggregate forming micron-sized clusters 
and sequentially precipitate out of solution as a result of changes in temperature, 
pressure or composition. Several molecular interactions, such as London dispersions, 
acid/base interactions, coordination complex of metals, hydrogen bonding, 
association of apolar and alkyl groups in hydrophobic pockets, and aromatic pi-pi 
stacking have been proposed to cause the aggregation of asphaltenes (Karimi et a l ,
2011). However, it is believed that the most dominant interaction between 
asphaltenes during aggregation process is the London dispersion force (Haji-Akbari 
et a l ,  2013).

Haji Akbari et al. (2013) mentioned that the strength of interaction forces 
between aggregating asphaltenes are the controlling factor of aggregation tendency 
of asphaltenes. As shown in Figure 2.1, they described that the success of attachment 
between two colliding asphaltene particles requires two major conditions: attractive 
forces must be larger than repulsive forces, and each particle has to have enough 
thermal energy during collision to overcome the repulsive barrier.

For decades, it was believed that asphaltenes precipitation is a solubility- 
driven process (Maqbool et al., 2009). Therefore it was assumed that below a critical 
precipitant concentration, onset volume fraction, asphaltenes remain stable in the 
solution. However, Maqbool et al. (2009) showed that precipitation of asphaltenes is
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a kinetically driven process especially at low precipitant concentrations. He studied 
the kinetics of asphaltene precipitation from two different crude oils using n-heptane 
as a precipitant. By using optical microscopy, they recorded the time that it took for 
asphaltenes to become detectable after precipitant addition at different heptane 
concentrations. Their findings revealed that at high heptane concentrations, the time 
required to detect asphaltene instability was shorter than the solutions with lower 
heptane concentration. As can be seen in Figure 2.2, the detection time increased 
exponentially with decreasing heptane concentration. Thus, there is no single 
precipitant concentration which can be defined as the- critical precipitant 
concentration.

Figure 2.2 Schematic of interaction between two colliding asphaltene particles 
(Haji-Akbari et a l ,  2013).
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Figure 2.3 Detection times for onset of precipitation and onset of haze for varying 
heptane concentrations using K-l and K-2 crude oils (Maqbool et a l ,  2009).
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Maqbool et al. also quantified the amount of precipitated asphaltenes as a 
function of time. Figure 2.4 shows the amount of precipitated asphaltenes gradually 
increases with time and eventually reaches the plateau. This finding indicates that 
asphaltenes which precipitated at different times might have differences in 
properties, and the fraction the precipitated earlier are expected to be more unstable 
than latter precipitated fractions.

Figure 2.4 Centrifugation result of asphaltenes precipitated at 50 vol% heptane 
(Maqbool e t a i ,  2009).

2.3 A Unified Model for Aggregation of Asphaltenes

The model of asphaltene aggregation has been developed with an aim to 
investigate properties controlling asphaltene precipitation kinetics (Haji-Akbari et 
a l ,  2013). Their work elucidated that properties of crude oils and solvents used to 
destabilize asphaltenes in model mixtures play an important role in controlling 
aggregation rates of asphaltenes as a result of changes in viscosity and solubility 
parameter of solution.

I n  ( fdetectf° ; «  { « a s p h  -  <5s o l u t i o n ) 2 Eq. 2.1
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This model, as shown in equation 2.1, consolidated the asphaltene 
precipitation detection time with the difference between solubility parameter of 
asphaltenes and solution square. It has successfully capture the kinetics of 
asphaltenes precipitation of ten different crude oils and model mixtures as can be 
seen from Figure 2.5 that all experimental data collapsed on single master curve 
developed by their study.
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Figure 2.5 Single master curve of unified model for aggregation of asphaltenes 
(Haji-Akbari e t a i ,  2013).

Solubility parameter of asphaltenes which is the fitting parameter of the 
correlation in equation 2.1 can be -estimated by knowing detection time of 
precipitation (t), viscosity of solution (p), solubility parameter of solution (Ssolutioท), 
and initial number of asphaltene particles C|(0)°5.

2.4 Asphaltene Characterization

As mentioned in previous section regarding asphaltene precipitation, 
numerous studies have been therefore trying to understand destabilization and 
precipitation mechanism of asphaltenes using various characterization techniques to



8

id e n t ify  th e  m o s t  u n s ta b le  a s p h a lte n e s  w h ic h  are e x p e c t e d  to  b e  th e  m o s t  p r o b le m a t ic  
fr a c t io n s  (C a le m m a  et a i ,  1 9 9 5 , L e o n  et al., 1 9 9 9 , A n c h e y ta  et a i ,  2 0 0 2 ,  H o e p fn e r  
et al., 2 0 1 3 )  F o r  e x a m p le ,  C a le m m a  et al. ( 1 9 9 5 )  u s e d  l3C  N M R  to  c h a r a c te r iz e  
a s p h a lte n e s  ex tr a c te d  fr o m  s e v e n  c r u d e  o i l s  b y  a d d in g  e x c e s s  h e p ta n e  at 4 0 :1  v o lu m e  
ra tio  o f  h e p ta n e  to  o i l .  T h e y  o b s e r v e d  th e  s ig n if ic a n t  tren d s  in  m o le c u la r  s tru ctu re  o f  
a s p h a lte n e s  a s  a fu n c t io n  o f  ca rb o n  c o n te n t . T h e y  c o n c lu d e d  th at h ig h  ca rb o n  c o n te n t  

a s p h a lte n e s  h a v e  h ig h  a r o m a tic ity  a n d  a r o m a tic  c o r e  s iz e ,  bu t h a v e  lo w  a v e r a g e  a lk y l  
c h a in  le n g th s  and  h e te r o a to m  c o n te n t .

L e o n  et al. ( 1 9 9 9 )  in v e s t ig a te d  th e  c o r r e la t io n  b e t w e e n  s ta b il ity  a n d  
c h e m ic a l  s tru ctu res  o f  a s p h a lte n e s  fr o m  fo u r  c r u d e  o i l s  w h ic h  w e r e  c la s s i f i e d  in to  

tw o  ty p e s :  s ta b le  an d  u n s ta b le  c r u d e  o i l s .  T h e y  fo u n d  th at a s p h a lte n e s  fro m  u n s ta b le  
cr u d e  o i l s  c o n ta in  lo w e r  h y d r o g e n  to  ca r b o n  ra tio  a n d  h a v e  h ig h e r  a r o m a tic ity  

c o m p a r e d  to  th e  o n e s  fr o m  s ta b le  c r u d e  o i l s .
A n c h e y ta  et al. ( 2 0 0 2 )  e x tr a c te d  fo u r  p r e c ip ita te d  a s p h a lte n e s  fr o m  th r e e  

d iffe r e n t  c r u d e  o i l s  (M a y a , I s th m u s  a n d  O lm e c a )  b y  a d d in g  tw o  p r é c ip ita n ts  (ท - 
p e n ta n e  a n d  n -h e p ta n e ) . T h e  p r e c ip ita te d  a s p h a lte n e s  w e r e  th e n  c h a r a c te r iz e d  b y  
u s in g  V P O  m o le c u la r  w e ig h t ,  l iq u id  s ta te  'h  and  l3C  N M R , a n d  e le m e n ta l  a n a ly s is .  
T h e ir  r e s u lts  in d ic a te d  th at p r e c ip ita n t  ty p e  p la y s  an im p o r ta n t  r o le  in  th e  

c o m p o s i t io n  o f  p r e c ip ita te d  a s p h a lte n e s ;  a s p h a lte n e  p r e c ip ita te d  fr o m  n -h e p ta n e  h a v e  
h ig h e r  m o le c u la r  w e ig h t  and  a r o m a tic ity  th an  n -p e n ta n e  a s p h a lte n e s .

H o e p fn e r  et al. ( 2 0 1 3 )  u s e d  s m a ll  a n g le  X -r a y  sc a tte r in g  ( S A X S )  a n d  s m a ll  
a n g le  n e u tr o n  s c a tte r in g  ( S A N S )  te c h n iq u e s  to  s tu d y  a s p h a lte n e  s tru ctu re  a n d  
s ta b il ity  in  cr u d e  o i l s  a n d  m o d e l s y s t e m s ,  T h e ir  f in d in g s  s h o w e d  th at a s p h a lte n e s  
h a v e  a fra c ta l stru ctu re . S o lu b le  a s p h a lte n e s  w e r e  fo u n d  a s  fra c ta l c lu s te r s  h a v in g  th e  

fra cta l d im e n s io n  w h ic h  is  in d e p e n d e n t u p o n  h e p ta n e  c o n c e n tr a t io n . N e v e r t h e le s s ,  
o n c e  a s p h a lte n e s  w e r e  d e s ta b i l iz e d , in s o lu b le  a s p h a lte n e  c lu s te r s  h a v e  h ig h e r  fra c ta l 
d im e n s io n  c o m p a r e d  to  th e  s o lu b le  o n e s .  T h e  s c h e m a t ic  o f  th e ir  e x p e r im e n ta l  
f in d in g s  is  s h o w n  in  F ig u r e  2 .6 ,  w h e r e  R°g an d  D ° f  re p r e se n t th e  ra d iu s  o f  g y r a tio n  
an d  fra c ta l d im e n s io n , r e s p e c t iv e ly .  T h e ir  r e su lts  a ls o  r e v e a le d  th at a s  a re su lt o f  th e  
p a c k in g  a rra n g em e n t o f  a s p h a lte n e  n a n o a g g r e g a te s , th e  m o d if ic a t io n  o f  s tru c tu re  o f  
fra cta l c lu s te r s  is  th e r e fo r e  o c c u r r e d  s im u lta n e o u s ly .
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E x t e n s iv e  s tu d ie s  h a v e  a ttem p ted  to  fr a c tio n a te  a s p h a lte n e s  in to  s u b fr a c t io n s  
b a se d  o n  th e ir  s o lu b i l ity  a im in g  to  b e tte r  u n d e rsta n d  th e  p o ly d is p e r s e d  n a tu re  o f  

a s p h a lte n e s  (B u e n r o s t r o -G o n z a le z  et a l ,  2 0 0 2 ,  W a tta n a , 2 0 0 4 ) .  F o r  in s ta n c e ,  
B e u n r o s tr o - G o n z a le z  et al. ( 2 0 0 2 )  u s e d  p r o to n  n u c le a r  m a g n e t ic  r e s o n a n c e  ( ' h  
N M R )  to  d e te r m in e  th e  a r o m a tic ity  o f  M a y a  a s p h a lte n e s  s u s p e n d e d  in  to lu e n e  w h ic h  
w e r e  th en  s e q u e n t ia l ly  fr a c tio n a te d  b y  s o lu b i l i t y  in  a c e to n e  and  n -h e p ta n e . T h e ir  

r e s u lts  s h o w e d  th at th e  m o s t  s ta b le  a s p h a lte n e s  h a v e  s m a lle s t  a r o m a tic ity . W a tta n a  
( 2 0 0 4 )  in v e s t ig a te d  th e  d i f fe r e n c e s  in  p r o p e r t ie s  o f  a s p h a lte n e s  p r e c ip ita te d  fr o m  
d iffe r e n t  s o u r c e s  (c r u d e  o i l s  and  f ie ld  d e p o s it s )  b y  u s in g  p o la r ity  b a s e d  fr a c t io n a t io n  
at d if fe r e n t  p r e c ip ita n t c o n c e n tr a t io n s . S h e  fo u n d  s ig n if ic a n t  d i f f e r e n c e  in  th e  

d is tr ib u tio n  o f  th e  p o la r  fr a c t io n s  a m o n g  th e  a s p h a lte n e s  e x tr a c te d  fr o m  d if fe r e n t  
s o u r c e s . T h e  f ie ld  d e p o s it s ,  w h ic h  w e r e  e x p e c te d  to  c o n ta in  th e  m o s t  u n s ta b le  
a s p h a lte n e s , d is tr ib u ted  th e  h ig h e s t  p o r t io n  o f  th e  p o la r  fra c tio n . T h e  r e su lts  fr o m  
d ie le c tr ic  c o n s ta n t  m e a s u r e m e n ts  in d ic a te d  th at f ie ld  d e p o s it  a s p h a lte n e s  h a v e  h ig h e r  
t e n d e n c y  to  a g g r e g a te  in  to lu e n e  at v e r y  lo w  c o n c e n tr a t io n  c o m p a r e d  to  a s p h a lte n e s  
fr a c t io n a te d  fro m  cr u d e  o i l s .  H er  f in d in g  s u g g e s te d  th at a s p h a lte n e s  w h ic h  h a v e  
h ig h e r  p o la r ity  are m o r e  u n s ta b le  th an  th e  le s s e r  p o la r  a sp h a lte n e s .

T o  in v e s t ig a te  th e  e f f e c t  o f  t im e  o n  p r e c ip ita te d  a s p h a lte n e s , M a q b o o l e t al. 
( 2 0 0 9 )  h a d  a tte m p te d  to  c h a r a c te r iz e  G M 2  a s p h a lte n e s  p r e c ip ita te d  at d if fe r e n t  t im e s .  
T h e y  fr a c t io n a te d  a s p h a lte n e s  at th ree  d if fe r e n t  t im e s  a n d  p r e c ip ita n t  c o n c e n tr a t io n s . 
T h e  p r o p e r t ie s  o f  p r e c ip ita te d  fr a c tio n s  o f  w e r e  in v e s t ig a te d  b y  m e a s u r in g  d ie le c tr ic  
c o n s ta n t  a n d  m e ta l c o n te n ts . R e s u lts  fro m  th is  w o r k  s h o w e d  fr a c t io n  p r e c ip ita te d  at 
lo w e s t  p r e c ip ita n t  c o n c e n tr a t io n  h a s  h ig h e r  d ie le c tr ic  c o n s ta n t  a n d  m e ta l c o n te n t  
c o m p a r e d  to  fr a c tio n  p r e c ip ita te d  at th e  h ig h e s t  h e p ta n e  c o n c e n tr a t io n . H o w e v e r , th e  

d if f e r e n c e s  w e r e  n o t s ig n if ic a n t  e n o u g h  to  d r a w  a n y  c o n c lu s io n s  a b o u t d if f e r e n c e s  in  
p r o p e r t ie s  p r e c ip ita te d  at d if fe r e n t  t im e s .

E x t e n s iv e  s tu d y  fr o m  M a q b o o l’s w o r k  (M a s ir is u k , 2 0 1 2 ,  S o m k h a n , 2 0 1 3 )  
c o n t in u e d  to  p e r fo rm  fr a c t io n a tio n  o f  A 1 a s p h a lte n e s  a s  a fu n c t io n  o f  t im e  at tw o  
d if fe r e n t  h e p ta n e  c o n c e n tr a t io n s . T h e y  g e n e r a te d  f iv e  a s p h a lte n e  fr a c t io n s , c a l le d  
“ c u ts ” , at d if fe r e n t  t im e s  (th r e e  cu ts  fo r  5 0  v o l%  h e p ta n e  and tw o  c u ts  fo r  7 0  v o l%  
h e p ta n e ) , a s  illu s tr a te d  in  F ig u r e  2 .7 .
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F ig u r e  2 .6  S c h e m a t ic  o f  p r o p o s e d  th e  m o d if ic a t io n  o f  fra c ta l d im e n s io n  o f  
a s p h a lte n e  p r e c ip ita t io n  m e c h a n is m  (H o e p fn e r  et a i ,  2 0 1 3 ) .

(a) 50 vol% C7 centrifugation

Time (Hours)

(b) 75vol% C7 centrifugation

Tim« (hour}

F ig u r e  2 .7  C e n tr ifu g a t io n  p lo t s  at (a )  5 0  v o l%  h e p ta n e  and  (b )  7 5  v o l%  h e p ta n e  
(M a s ir is u k , 2 0 12 ) .

T h e  a s p h a lte n e s  fro m  e a c h  cu ts  w e r e  c h a r a c te r iz e d  u s in g  v a r io u s  te c h n iq u e s  
s u c h  a s  m a ll  a n g le  x -r a y  sc a tte r in g  ( S A X S ) ,  in d u c t iv e ly  c o u p le d  p la s m a  m a s s  
s p e c tr o m e tr y  ( I C P -M S ) , n u c le a r  m a g n e tic  r e s o n a n c e  (N M R ) , and  e le m e n ta l  a n a ly z e r  
(E A ) .  T h e ir  r e s u lts  s h o w e d  n o  s ig n if ic a n t  d i f f e r e n c e  in  m e ta l c o n te n t , a r o m a tic ity  
a n d  e le m e n ta l  c o m p o s i t io n  o f  d if fe r e n t  cu ts . F ig u r e  2 .8  s h o w s  n o  trend in  th e  a v e r a g e  
a lk y l c h a in  le n g th s  an d  m e ta l c o n te n t  a m o n g  d if fe r e n t  a s p h a lte n e  cu ts.

A s  m e n t io n e d  in  a fo r e m e n t io n e d  p art, th ere  is  s t i l l  u n c le a r  i s s u e  a b o u t w h a t  
c h e m ic a l  or  p h y s ic a l  p r o p e r t ie s  o f  a s p h a lte n e s  p la y  an  im p o r ta n t ro le  o n  a g g r e g a t io n
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t e n d e n c y  o f  a s p h a lte n e s . A n o th e r  w o r k  o f  M a q b o o l  s tu d ie d  th e  e v o lu t io n  o f  
a g g r e g a te  a s p h a lte n e s  fro m  c e n tr ifu g a t io n  e x p e r im e n ts . T h e y  e s ta b l is h e d  n e w  
a p p r o a c h  to  id e n t ify  th e  c o l l i s io n  e f f ic ie n c y  b y  u s in g  th e  g e o m e tr ic  p o p u la t io n  
b a la n c e  an d  S m o lu c h o w s k i  k e r n e l (M a q b o o l et a l ,  2 0 1 1 ) .  E x t e n s iv e  s tu d ie s  fro m  
P ro f. H . S c o t t  F o g le r  re se a r c h  g r o u p  h ad  e v a lu a te d  th e  c o l l i s io n  e f f i c i e n c y  o f  fo u r  
d if fe r e n t  cr u d e  o i l s ,  c o n ta in in g  d if fe r e n t  a s p h a lte n e  c o n c e n tr a t io n s , a s  a fu n c t io n  o f  
h e p ta n e  c o n c e n tr a t io n . A s  c a n  b e  s e e n  in  F ig u r e  2 .9 ,  c o l l i s io n  e f f ic ie n c ie s  o f  C H  and  
K l ,  w h ic h  c o n ta in  h ig h  a s p h a lte n e -c o n te n ts ,  in c r e a s e  s ig n if ic a n t ly  w h e n  th e  
p r e c ip ita n t  c o n c e n tr a t io n  in c r e a s e s  c o m p a r e d  to  th e  lo w  a s p h a lte n e -c o n te n t  c r u d e  o i l s  
(A 1  a n d  G M ). T h is  f in d in g  in d ic a te d  th at e f f e c t  o f  a sp h a lte n e  c o n c e n tr a t io n  m ig h t  
h a v e  a n  in f lu e n c e  o n  th e ir  a g g r e g a t io n  b e h a v io r .

(a) N M R : A v e r a g e  a lk y l c h a in  
1 --------------------------------------------

(b )  IC P -M S : M e ta l c o n te n ts
_  1.4I น
î  1

1  o.s
I  0.6
i  0.4
I  0.2 

'  0

■50vol»oC“  Cut 1

■ 50 vol° o C“  Cut z 
ร 50 vol°0 c~ Cut i
■ "5 vol°o C" Cut 4 
« "5 vol°oC~ Cut 5

N i(p inn) V(j)p in)

F ig u r e  2 .8  (a ) a v e r a g e  a lk y l c h a in  le n g th s  and  (b )  m e ta l c o n te n ts  fo r  d if fe r e n t  

a s p h a lte n e  c u ts  (S o m k h a n , 2 0 1 3 ) .

T h e r e  is  a n  in te r e s t in g  w o r k  p e r fo r m in g  e x p e r im e n ts  r e g a r d in g  th e  e f f e c t  o f  
c h e m ic a l  c o m p o s i t io n  o n  a s p h a lte n e  a g g r e g a t io n  (D u r a n d  et a l ,  2 0 0 9 ) .  T h e y  u s e d  
tw o -d im e n s io n a l  N M R  s p e c tr o s c o p y  ( D O S Y )  to  in v e s t ig a te  th e  d i f f e r e n c e s  in  
m a c r o s tr u c tu r e  o f  th r e e  a s p h a lte n e s  e x tra c te d  fr o m  d iffe r e n t  c r u d e  o i l s  (A th a b a s c a ,  
M a y a  a n d  B u z u r g a n ) b y  m e a s u r in g  th e ir  r e la t iv e  d i f fu s iv i ty  in  to lu e n e .
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F ig u r e  2 .9  C o ll i s io n  e f f i c i e n c y  o f  a s p h a lte n e s  e x tr a c te d  fr o m  v a r io u s  o r ig in s  
v s . p e r c e n ta g e  o f  p r e c ip ita n t  c o n c e n tr a t io n .

T h e  e x tr a c te d  a s p h a lte n e s  w e r e  d is s o lv e d  in  t o lu e n e - d 8 to  g e n e r a te  s o lu t io n s  
w ith  a  w id e  r a n g e  o f  a s p h a lte n e  c o n c e n tr a t io n s . T h e ir  r e su lts , a s  s h o w n  in  F ig u r e  
2 . 1 0 , d e m o n s tr a te d  th at th e r e  w a s  s e p a r a tio n  tw o  c la s s e s  o f  a s p h a lte n e  a g g r e g a te s :  
o n e  d i f f u s in g  q u ic k ly  a n d  o th e r  d i f f u s in g  m o r e  s lo w ly .  In d ilu te  r e g im e , M a y a  a n d  
B u z u r g a n  a s p h a lte n e s  h a v e  s im ila r  s e l f - d i f f u s io n  w h i le  A th a b a sc a  a s p h a lte n e s  h a v e  
s m a lle s t  d i f fu s iv i ty .  A t  h ig h  c o n c e n tr a t io n s  (b e y o n d  0 .5  w t%  fo r  M a y a  a n d  
A th a b a sc a  a s p h a lte n e s  a n d  b e y o n d  0 .2 5  w t%  fo r  B u z u r g a n  a sp h a ltn e s ) ,  a d e c r e a s e  in  
d if fu s io n  c o e f f ic ie n t  o f  th o s e  a s p h a lte n e s  w a s  o b s e r v e d . M o r e o v e r , th e  fa v o r e d  
in te r m o le c u la r  in te r a c t io n s  g e n e r a te  th e  p h e n o m e n a  w h ic h  s o m e  a s p h a lte n e s  
m o le c u le s  h a v e  a t e n d e n c y  to  a g g r e g a te  w h i le  s o m e  s m a ll  a g g r e g a te s  r e m a in  in  th e  
s o lu t io n . T h e ir  f in d in g s  s h o w e d  th at a g g r e g a t io n  b e h a v io r  o f  th o s e  th ree  ty p e s  o f  

a s p h a lte n e s  m ig h t  b e  d e p e n d e n t  u p o n  th e ir  c h e m ic a l  s tru ctu re  a n d  th e  c o n c e n tr a t io n  
o f  a s p h a lte n e s .

A d d it io n a l ly ,  e x t e n s iv e  s tu d y  o f  H aji A k b a r i et al. ( 2 0 1 4 )  in v e s t ig a te d  th e  
e f f e c t  o f  a s p h a lte n e  c o n c e n tr a t io n  b y  p e r fo r m in g  o n s e t  e x p e r im e n ts  o f  m o d e l  
m ix tu r e s  c o n t a in in g  d if fe r e n t  c o n c e n tr a t io n  o f  a s p h a lte n e s . T w o  ty p e s  o f  a s p h a lte n e s , 
K1 an d  B l ,  w e r e  u s e d  in  th e ir  s tu d y . T h e ir  m ic r o s c o p y  r e su lts  fo r  b o th  ty p e s  o f  
a s p h a lte n e s  in d ic a te d  th at a g g r e g a t io n  ra tes  d e c r e a s e  w ith  in c r e a s in g  a s p h a lte n e  
c o n c e n tr a t io n . T h e y  b e l i e v e  th at o b s e r v e d  tren d  c a u s e s  b y  an in c r e a s e  o f  v is c o s i t y
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F ig u r e  2 .1 0  R e la t iv e  d i f f u s iv i t i e s  o f  (a )  B u z u r g a n , (b ) M a y a  an d  ( c )  A th a b a sc a  
a s p h a lte n e s , a s  a fu n c t io n  o f  a s p h a lte n e  c o n c e n tr a t io n  in  t o lu e n e - d 8 

(D u ra n d  et a l.,  2 0 0 9 ) .

an d  s o lv e n c y  p o w e r  o f  a m ix tu r e . T h is  e m p h a s iz e s  that a s p h a lte n e  c o n c e n tr a t io n  p la y  
a n  im p o r ta n t r o le  in  c o n t r o ll in g  a g g r e g a t io n  k in e t ic s  o f  a s p h a lte n e s .

T h e r e fo r e , in  th is  w o r k , th e  t im e -b a s e d  fr a c t io n a tio n  o f  a s p h a lte n e s  at 
d if fe r e n t  a s p h a lte n e  c o n c e n tr a t io n s  is  u s e d  to  in v e s t ig a te  th e  p r o p e r t ie s  o f  
a s p h a lte n e s  th a t c o u ld  in f lu e n c e  th e ir  a g g r e g a t io n  b e h a v io r . T h e  fr a c t io n a te d  
a s p h a lte n e s  w e r e  c h a r a c te r iz e d  u s in g  S A X S  a n d  m ic r o s c o p y  e x p e r im e n ts .
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