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Summary
A new approach based on the statistical associating fluid
theory (SAFT) is presented here to model eight light
crudes, with the SARA analysis as the only input for the
model. Within the characterization procedure of Punnapala
and Vargas (2013), the aromaticity parameter and the
asphaltene molecular weight were fixed to all crude oil
samples, while the asphaltene aromaticity is the only fitted
parameter of the model. A correlation for this parameter
with the flashed gas molecular weight allows full
predictions of the phase behavior without the need of any
asphaltene onset data. The predictive molecular model was
used to study asphaltene instability as a function of injected
CO 2 and natural gas concentration. The model can also
accurately reproduce routine PVT experiments such as
constant composition expansion, differential vaporization
and multi-stage separation tests performed on the crude
oils, thereby providing a unified framework for phase
behavior studies.
Introduction
Asphaltenes are defined as fossil fuel derived constituents
that are insoluble at ambient conditions in large excess of
light hydrocarbons such as n-pentane and n-heptane and
soluble in toluene. Their exact chemical structure vary from
one crude oil to another, but in general, they are known to
be the heaviest and the most polar fraction of crude oil
consisting of polyaromatic molecules surrounded by
aliphatic and heteroatomic chains.
Asphaltene deposition can occur during different stages of
production and processing due to changes in pressure,
temperature and composition. Oilfield reports indicate that
asphaltene deposition in a well can lead to complete cease
of fluid flow and production. Moreover, the cost of a
typical asphaltene remediation job can get as high as
$500,000 onshore or $3,000,000 offshore. Downstream
wise, asphaltene deposition can cause fouling in rotating
equipment and plug tubing and flow lines.
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In this work, we report new asphaltene precipitation onset
conditions and PVT properties for eight Abu Dhabi crude
oils that were subjected to gas injection in lab. In addition,
a predictive PC-SAFT model based on the characterization
procedure of Punnapala and Vargas (2013) is developed
here and used to predict the crude oils pressure-volumetemperature (PVT) properties and asphaltene phase
behavior. Following Punnapala and Vargas (2013), no
association forces are considered in this work, the
implications of this assumption on the performance of the
model will be seen when checking its predictive
capabilities.
Molecular Theory
The SAFT equation of state models molecules as chains of
spherical segments with long range dispersion interactions
among them. An advantage of the model is that the
contributions to the free energy are derived from statistical
mechanics-based theory and validated versus molecular
simulation results of the same underlying model. In
addition, the structure of the molecules is built into the
equation from its inception. Thus, the equation of state
requires a minimal number of physical parameters that can
be fit to pure fluid properties such as vapor pressure and
saturated liquid density.
Similar to a cubic equation of state, the model requires only
three pure-component parameters for the case of a nonassociating fluid. Furthermore, these parameters have
physical meaning and correlate well with molecular weight
for a given homologous series. The complete equation of
state in PC-SAFT, in terms of the reduced Helmholtz free
energy, is given as the sum of an ideal gas contribution
(aid), a hard-sphere contribution (ahs), a chain formation
contribution (ahs) and a dispersion contribution (adisp).
Additional terms are added in the case of polar compounds.
Following the latest characterization method proposed by
Punnapala and Vargas (2013), hydrogen sulfide (H 2 S),
carbon dioxide (CO 2 ), nitrogen (N 2 ), methane (CH 4 ),
ethane (C 2 H 6 ) and propane (C 3 H 8 ) are explicitly modeled
within the SAFT framework. These components make up
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In this work, and seeking to develop a predictive molecular
model for Abu Dhabi region crude oils, γ A+R and MW Asphalt
were fixed to 0.7 and 3000 g mol−1 respectively. The
molecular weight of C 11+ saturates was fixed to a value of
290 g mol−1 in this work and the corresponding molecular
weight of C 11+ A+R was then calculated based on the STO
molecular weight. The one remaining asphaltene
aromaticity parameter (γ Asphalt ) was fitted to AOP data at
bottom hole temperature of 250/260oF. However, it was
found that the fitted γ Asphalt correlates well with the flashed
gas molecular weight as shown in Fig. 1. The latter
procedure not just reduces the number of fitting parameters
to zero, but also allows the pure prediction of the behavior
of crude oils with no experimental data.
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instability occurs in the region found between the bubble
(dashed) and the onset (solid) curves. It can be seen that
increasing the amount of CO 2 injected widens the area in
which asphaltene instability is expected to occur. Similar
good agreement with experimental data was also achieved
with the same γ A+R and MW Asphalt values for other crude
oils and are omitted here for the sake of brevity.
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As shown in Fig. 1, the fitted γ Asphalt follow a linear
correlation with the flashed gas molecular weight. It is
worth noting that Fig. 1 represents data obtained from six
different Abu Dhabi oil fields. Assuming that the
correlation holds for other crude oil samples, γ Asphalt can
now be estimated for cases where AOP data does not exist.
Fig. 3 demonstrates results obtained for crude AW2 at
260oF using this fully predictive approach. The latter
approach can be applied to other Abu Dhabi oil fields,
hence reducing the required experimental efforts and their
expenses.
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Fig. 2 Asphaltene instability as a function of injected CO 2
mass concentration for crude AW1 at 250oF.
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the flashed gas phase in addition to a pseudo-component
named "heavy gas" to represent C 4+ fractions found in the
compositional analysis. The stock tank oil is composed of
three pseudo-components namely: “saturates”, “aromatics +
resins (A+R)” and “asphaltenes (Asphalt)” to represent
different molecular structures found in the liquid phase.
The SARA analysis is used to determine the composition of
each of the pseudo-components. The molecular model
requires three fitting parameters namely: the A+R
aromaticity parameter (γ A+R ), the asphaltene aromaticity
parameter (γ Asphalt ) and the asphaltene molecular weight
(MW Asphalt ). These parameters were fitted to BP and AOP
data in previous SAFT modeling works.

Fig. 1 Correlation of the asphaltene aromaticity parameter
with the flashed gas molecular weight.
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Asphaltene instability measurements were done for six
crude oil samples at different flooding conditions and
experimental data were used to fit the PC-SAFT model
parameter (γ Asphalt ). Fig. 2 depicts asphaltene phase
behavior at constant temperature for crude AW1 as a
function of injected CO 2 concentration. Asphaltene
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Fig. 3 PC-SAFT predictions of the asphaltene instability in
crude AW2 as a function of injected CO 2 mass
concentration at 260oF.
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Fig. 4 exhibits oil densities obtained from the constant
composition expansion test performed on crude BW1 at
250oF. It can be seen that decreasing the pressure from
8000 psia down to the bubble point leads to a decrease in
the oil density. Below the bubble point, light hydrocarbon
gases are released which, in return, leads to an increase in
oil density. It is worth noting that PC-SAFT results shown
here are pure predictions of PVT properties with no fitting
included.
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Fig. 4 Oil density from the constant composition expansion
test performed for Crude BW1 at 250oF.
Finally, Fig. 5 shows the CO 2 composition of the
differentially liberated gas as a function of pressure. It can
be seen that the model was able to predict the maximum in
composition found at low pressures for carbon dioxide.
Similar accuracy in simulating differential vaporization was
observed for other crude oils examined in this work.
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Fig. 5 Carbon dioxide composition in differentially
liberated gas from Crude BW1 at 250oF. Symbols: (o)
experiment; () PC-SAFT predictions.
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Conclusions
Bubble and asphaltene onset pressures as a function of
temperature and concentration of injected gas are provided
in this work for eight Abu Dhabi crude oils. Together with
the SARA analysis, these experimental data were used to
characterize the crude oils with PC-SAFT, searching for a
predictive model. The proposed SAFT model requires only
one fitting parameter which is the asphaltene aromaticity
(γ Asphalt ). A simple correlation for this fitting parameter was
developed which allows for the pure prediction of the phase
behavior without the need of any asphaltene onset data.
Results show that decreasing the temperature or increasing
the amount of injected gas leads to increasing the
asphaltene instability. The model was then used to predict
PVT properties and compositional analyses measured from
constant composition expansion, differential vaporization
and multi-stage separation tests, without performing any
fitting. In general, good agreement with experimental data
was observed throughout the work exhibiting the model
applicability as a predictive tool for the phase behavior of
Abu Dhabi region crude oils. Future work includes to
assess the applicability of the model to other crude oils, in
an attempt to develop a fully predictive model not just for
asphaltenes instability but also for routine PVT
experiments. By increasing the number of SARA analysis
studies or removing the model dependence on them, we
believe that the model may eventually become an integral
part of the fluid characterization workflow for UAE
reservoirs.
References
Abdallah D., 2012, Abu Dhabi International Petroleum
Conference and Exhibition. Society of Petroleum
Engineers, SPE-162190.
Abutaqiya MI, Panuganti SR, Vargas FM., 2017, Ind. Eng.
Chem. Res.
AlHammadi AA, Vargas FM, Chapman WG., 2015,
Energy Fuels, 2864-2875.
Arya A, Liang X, von Solms N, Kontogeorgis GM., 2016,
Energy Fuels, 6835-6852.
Badre S, Goncalves CC, Norinaga K, Gustavson G, Mullins
OC., 2006, Fuel, 1-11.
Barrera D, Ortiz D, Yarranton H., 2013, Energy Fuels,
2474-2487.
Barker JA, Henderson D., 1967, J. Chem. Phys., 47144721.
Boublík T., 1970, J. Chem. Phys., 471-2.
Buckley J, Hirasaki G, Liu Y, Von Drasek S, Wang J, Gill
B., 1998, Pet. Sci. Technol., 251-285.
Boek ES, Yakovlev DS, Headen TF., 2009, Energy Fuels,
1209-1219.

10.1190/RDP2018-41463673.1

75

Development of a Predictive Molecular Model for Abu Dhabi Crude Oils Phase Behavior
Buenrostro-Gonzalez E, Groenzin H, Lira-Galeana C,
Mullins OC., 2001, Energy Fuels, 972-978.
Buch L, Groenzin H, Buenrostro-Gonzalez E, Andersen SI,
Lira-Galeana C, Mullins OC., 2003, Fuel, 10751084.
Creek JL., 2005, Energy Fuels, 1212-1224.
Chapman WG, Jackson G, Gubbins KE., 1988, Mol. Phys.,
1057-1079.
Chapman WG, Gubbins KE, Jackson G, Radosz M., 1989,
Fluid Phase Equilib., 31-38.
Chapman WG, Gubbins KE, Jackson G, Radosz M., 1990,
Ind. Eng. Chem. Res., 1709-1721.
Czarnecki J., Energy Fuels, 2008, 1253-1257.
Demir AB., 2016, PhD Dissertation. West Virginia
University.
David Ting P, Hirasaki GJ, Chapman WG., 2003, Pet. Sci.
Technol., 647-661.
Flory PJ., J. Chem. Phys., 1942, 51-61.
Gross J, Sadowski G. 2001, Ind. Eng. Chem. Res., 12441260.
Gross J, Sadowski G. 2002, Ind. Eng. Chem. Res., 55105515.
Goual L., 2009, Energy Fuels, 2090-2094.
Gonzalez DL, Hirasaki GJ, Creek J, Chapman WG., 2007,
Energy Fuels, 1231-1242.
Huggins ML., 1941, J. Chem. Phys., 440.
Hortal AR, Hurtado P, Martínez-Haya B, Mullins OC.,
2007, Energy Fuels, 2863-2868.
Herod AA, Bartle KD, Kandiyoti R., 2007, Energy Fuels,
2176-2203.
Hildebrand JH. J., 1919, Am. Chem. Soc., 1067-1080.
Kontogeorgis GM, Voutsas EC, Yakoumis IV, Tassios DP.,
1996, Ind. Eng. Chem. Res., 4310-4318.
Lesueur D., 2009, Adv. Colloid Interface Sci., 42-82.
Mansoori G, Carnahan N, Starling K, Leland Jr T., 1971, J.
Chem. Phys., 1523-1525.
Mullins OC, Martínez-Haya B, Marshall AG. C, 2008,
Energy Fuels, 1765-1773.
Punnapala S, Vargas FM., 2013, Fuel, 417-429.
Pedersen KS, Christensen PL, Shaikh JA., 2014, Boca
Raton, FL: CRC Press.
Panuganti SR, Vargas FM, Gonzalez DL, Kurup AS,
Chapman WG., 2012, Fuel, 658-669.
Scatchard G., 1931, Chem. Rev., 321-333.
Scott RL, Magat M., 1945, J. Chem. Phys., 172-177.
Soave G., 1972, Chem. Eng. Sci., 1197-1203.
Speight JG., 2014, The chemistry and technology of
petroleum. Boca Raton, FL: CRC Press.
Tang X, Gross J., 2010, Fluid Phase Equilib., 11-21.
Vargas FM, Gonzalez DL, Creek JL, Wang J, Buckley J,
Hirasaki GJ, et al., 2009, Energy Fuels, 11471154.

© 2018 Society of Exploration Geophysicists
2018 RDPETRO

Acknowledgment
We gratefully acknowledge the financial support of the
Abu Dhabi National Oil Company (ADNOC). Insightful
discussions Dr. Dalia Abdullah and Ms. Arwa Mawlod of
ADNOC Onshore are also deeply acknowledged.

10.1190/RDP2018-41463673.1

76

