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follow power law for their shear modulus (Hinkle, 2008). Though done only on few set of samples, the idea has 
been brought for not to only focusing on the asphaltene but also to the other heavy-molecular weight resins. 

 

Figure 3. Arrhenius type viscosity and Shear modulus vs the content of Asphaltene+Resin (Hinkle, 2008) 

 
With many more data, Evdokimov made a breakthrough by explaining the inconsistent hyphotesis of viscosity of 
dead crude oil as a function of asphaltene’s content as in Figure 4. This inconsistency is mentioned as multi-peak 
correlation which is explained as the cause due to phase boundaries of asphaltene nanocolloids. A “minimum line” 
lies exponentially, below which none viscosity value is found for the related asphaltene content (Evdokimov, 
2009). 

 

Figure 4. Viscosity vs Asphaltene content (Evdokimov, 2009)  
The above result is actually a mere prove of a hypothesis brought by Argilier et al. which stated that the origin of 
heavy oil viscosities are from entanglement of solvated asphaltene particles. These particles are stabilized by 
resin molecules. Above a constant C*, named as the critical concentration, the asphaltenes’ particles overlapp 
and change dramatically the viscosity behavior. This overlapping is caused by the lowering asphaltene’s effects 
done by the resins. This can be interpreted that resin had lost its ability to stabilize the asphaltene particles. 
Furthermore, at low temperature, the heavy oil has a shear thinning behavior and no yield stress while at high 
temperature, the absence of wax crytallization made it behaves like Newtonian fluid (Argilier, 2002). 

Initially, the abovementioned C* constant was proposed by Pierre et al. using Small Angle X-ray Scattering 
(SAXS) spectroscopy, above which the asphaltenes are no longer independent particles but overlapped. Resins, 
according to Pierre et al., were modeled by nonylphenol and can reduce the asphaltenes influence on viscosity. 
The influence is explained as, firstly, the stabilizing agent which covering the asphaltenes’ surfaces and, secondly, 
the dissociating agent which diminishing both: the size and the molecular mass of asphaltenes. In fact, it was 
shown that a small addition of alcohol in aromatic solvent could reduce this association (Pierre, 2004). The idea 
of ‘peptizing’ resin as a stabilizing agent, or a surfactant in the ‘emulsion’ of asphaltene and other fractions of oil 
was critically mentioned by Buckley as need more examinations. Mullins also opposed the idea by collecting 
some facts that resin has less charge and only small fraction of nanoaggregate (from centrifugation) which is not 
enough to stabilize asphaltene. In addition, ultrafiltration technique also shown that only small fraction of resin 
participates in asphaltene aggregate formation (Mullins, 2010). More discussion about this is put at the next 
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subtitle as part of the asphaltene modeling.  

Again, the value of C* can be related to the maximum concentration mentioned by Sheu et al. that is 13%, below 
which the asphaltene influence on viscosity is strong up to 0.1%, another minimum limit which is not mentioned 
by others. The reason is explained by two-fluid model where longer-range interaction potential affecting a 
smaller maximum packing volume fraction (Sheu, 1994). As an additional information, the range of asphaltene 
content can reach upto 60%, while the resin-to-asphaltene volume ratios vary from less than 1 : 1 in oils where 
asphaltenes are precipitated rapidly, to 1 : 1 until 20 : 1 in oils contain stabled-asphaltene (Islam, 1994).  

 
Figure 5. Viscosity vs asphaltene content and equilibrium propane pressure of a reconstituted heavy oil sample 

(Luo, 2005) 
 

Instead of finding many types of heavy oil with different asphaltene contents, Luo et al. found a short cut by 
reconstituting it. By adding varying asphaltene content to the deasphalted heavy oil, many samples can be 
obtained and their viscosities can be measured separately as seen in Figure 5. To check the validity of this 
method, the deasphalted heavy oil having initially 14.5% asphaltene was added 14.5% asphaltene which is found 
to mimick the viscosity of the initial heavy oil. As the wt% of added asphaltene increased, the viscosity of the 
reconstituted heavy oil is seen to slightly increase at lower temperature but more quadratic/logarithmic behavior 
is seen at higher temperatures. Meanwhile, a sharp viscosity drop (below 5000 mPa-s) is seen if those heavy oil 
exposed to solvent with at least 200 kPa equilibrium propane pressure (Luo, 2005). It would be interesting then 
if the resin can also be extracted out and similarly varied with varying asphaltene content in which the Hinkle’s 
hypotheses could be confirmed. 

3. Asphaltene Models 

Viscosity, precipitation, and other physical and chemical properties of asphaltene can be representatively 
explained through a model. The currently proposed models can be divided into four groups: solubility model, 
colloidal model, solid model, and association equation-of-state (EOS) model (Akbarzadeh, 2007) which are 
briefly summarized as follows:  

3.1 Solubility Model or Thermodynamic Model  

This model considers asphaltenes as macromolecules in linear or branches held by van der Waals forces with a 
solvent of resin, and dissolve in oil. This concept was initially proposed by Hirscberg et al. in which the resins 
are treated as an integrated part of the solvent medium and the asphaltene monomers and their aggregates are in 
thermodynamic equilibrium (Aske, 2002). Also, asphaltene precipitation depends on thermodynamic conditions 
such as pressure, temperature, and its composition. Therefore, this process is a thermodynamically reversible one 
(Hirschberg, 1984), though it is found not to be consistent in some observed behavior (Islam, 1994). 

3.2 Colloidal Model 

Colloidal models have their basis in statistical thermodynamics and colloidal science. The first such model 
assumed asphaltenes exist in the oil as solid particles in colloidal suspension stabilized by resins adsorbed on 
their surfaces. In this model, the vapor-liquid equilibrium calculated using an EOS that establishes the 
composition of the liquid phase from which asphaltene may flocculate. Asphaltene-precipitation measurements 
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at one set of conditions are interpreted to give a critical chemical potential for resins, which is subsequently used 
to predict asphaltene precipitation at other conditions (Leontaritis & Mansoori, 1987). 

The colloidal theory considers asphaltenes to be solid particles of 3 nm size, suspended colloidally in the crude 
oil, consists of a stack of 6 to10 molecules and surrounded by resin molecules. Each particle has one or more 
aromatic sheets of asphaltene monomers with adsorbed resins acting as surfactants to stabilize the colloidal 
suspension. These molecules are held together with pi-bonds, hydrogen bonds, and electron donor-acceptor 
bonds. When resins desorb from asphaltenes, the asphaltene aggregate size increase and start precipitating. The 
main reason is that asphaltene is insoluble in the resin-free oil fraction which makes the precipitation or 
deposition is an irreversible process. Asphaltene’s degree of aromaticity and the proportion of heteroatoms 
contribute to its dispersive behavior. This view was supported by the appearance of disk-shaped particles, 
sometimes called micelles, of 8 nm diameter dispersed in asphaltene-toluene mixtures seen by SAXS and SANS 
or by electrokinetic effects. This theory is also known as stabilisation model where resins act as stabilizing agent 
to suspend the aggregation (Rastegari, 2003; Aske, 2002; Islam, 1994). 

3.3 Solid Model 

In this model, the precipitating asphaltene is treated as a solid-single component of the fluid and cubic EOS is 
used for phase modeling. Besides requiring many empirical parameters, this model is also need tuning for 
experimental data matching. One of this model divided the heavy crude oil components into precipitating (such 
as asphaltene) and nonprecipitating (Akbarzadeh, 2007). 

3.4 Modified regular Solution Model or Association Equation-of-State (EOS) Model  

Most of the simulation softwares use EOS model which initially was quite far from the reality. Therefore, a 
modified one, sometimes called by adding the word “association” in front of its name, was initiated by 
Akbarzadeh et al. This model makes four main assumptions: 

 Asphaltene molecules exist mainly as monomers in the bulk crude oil and as aggregates in an associated 
state in the precipitation phase; 

 Asphaltene association leads to asphaltene precipitation; 
 The asphaltene precipitation process is thermodynamically reversible; 
 The asphaltene-precipitation phase is a pseudo -liquid phase. 
This model combines terms describing the chemical and physical effects of association of asphaltene molecules. 
It requires composition, molecular weight, molecular size and interaction energy of each component 
(Akbarzadeh, 2007). 

4. Asphaltene’s Precipitation 

Based on the above models, the causes of precipitation, its mechanism, and even precipitation envelope which 
only based on the varying pressure and temperature, can be drawn. Several facts on destabilizing forces that 
cause asphaltene precipitation are collected by M.R. Islam and briefly summarized as follow (Islam, 1994): 

 Miscible flooding which destabilizes the mixture of asphaltene-crude oil and lowers the solutions’s 
carbon-to-hydrogen ratio and had bad effect especially at condition near the bubble point. 

 pH shift because of C02 injection (which also changes oil composition) or occured naturally or by organic 
acids produced by bacteria.  

 Well stimulation such as acidizing, because it changes the chemical equilibria in the near wellbore zone. 

 Pressure drop which usually accompanied by temperature change and affect resins’ and maltenes’ solubility, 
creating paraffin and asphaltene precipitation.  

Meanwhile, the precipitation mechanism of asphaltene related to its size is described in Figure 6 and summarized 
as follows (Akbarzadeh, 2007): 

a) At concentrations above 10-4 mass fraction, in toluene, a true solution of asphaltene will form 
nanoaggregates that dispersed as nanocolloid.   

b) The stable suspension will then form clusters as the concentration reaches  approximately 5 g/L, or mass 
fraction of 5·10-3. 

c) It is then starts to flocculate, forming clumps then precipitate beyond 10-2 mass fraction. However, 
asphaltenes in Athabasca bitumen can remain in a stable “solution” at very high concentration (about 18%) 
without precipitating. 
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5. Indonesian Heavy Oil 

The temperature dependency of viscosity of Indonesian heavy oil was measured with Fann viscometer and given 
in Figure 8. At 15.6oC, the viscosity is 340 cP which is in the lower range of heavy oil category (100 to 1 000 cP) 
and its API gravity is 16.9 (heavy oil category is 10 to 22). A laboratory result using TLC-FID has been done on 
this heavy oil and described in Figure 9 to find its SARA content as summarized in Table 1.  

The SARA graph is free of noises and needs more time to characterize the saturates compared to that of 
asphaltene. Higher peak of resin and asphaltene are because of their higher content and easier characterized by 
TLC-FID. 

 

Table 1. SARA Content of Indonesian heavy oil 

Content Percentage 

Saturate 31.6 % 

Aromatics 17.7 % 

Resin 16.2 % 

Asphaltene 34.5 % 

 

 
Figure 8. Viscosity variation at different temperatures for Indonesian heavy oil 
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