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Abstract Keywords

Parachor based expressions (basic and mechanistic) are often used to CO, injection in porous
model the experimentally observed pressure dependence of interfa- media;

cial tension (IFT) behaviors of complex supercritical carbon dioxide CO,-EOR and storage;
(sc-CO,) and crude oil mixtures at elevated temperatures. However, CO,-oil interactions;

such modeling requires various input data (e.g. compositions and Gas-oil interfacial tension;
densities of the equilibrium liquid and vapor phases, and molecular Parachor model;

weights and diffusion coefficients for various components present in Miscibility.

the system). In the absence of measured data, often phase behavior
packages are used for obtaining these input data for performing cal-
culations. Very few researchers have used experimentally measured
input data for performing parachor based modeling of the experimen-
tal IFT behaviors of sc-CO, and crude oil systems that are of particular
interest to CO, injection in porous media based enhanced oil recovery
(EOR) operations.

This study presents the results of parachor based modeling performed
to predict pressure dependence of IFT behaviors of a complex sc-CO,
and crude oil system for which experimentally measured data is avail-
able in public domain. Though parachor model based on calculated IFT
behaviors shows significant deviation from the measured behaviors in
high IFT region, difference between the calculated and the experimen-
tal behaviors appears to vanish in low IFT region. These observations
suggest that basic parachor expression based calculated IFT behaviors
in low IFT region follow the experimental IFT behaviors more closely.
An analysis of published studies (basic and mechanistic parachor ex-
pressions based on modeling of pressure dependence of IFT behaviors
of both standard and complex sc-CO, and crude oil systems) and the
results of this study reinforce the need of better description of gas-oil
interactions for robust modeling of pressure dependence of IFT behav-
ior of these complex systems.

* Corresponding Author.
E-mail: dsaini@csub.edu (S. Dayanand)



20 S.Dayanand / Journal of Chemical and Petroleum Engineering, 50 (2), Feb. 2017 / 19-27

1. Introduction

hanced oil recovery (EOR) operations; injected

supercritical CO, (sc-CO,) interacts with reser-
voir crude oil in a multiple-contact fashion to de-
velop a low IFT condition between the two phases
that plays a crucial role in achieving low residual
oil saturation. In case of oil reservoirs, depending
on the pressure, temperature, and composition of
the gas and oil, injection of sc-CO, can be under ei-
ther immiscible or miscible modes. As described by
Al-Mjeni et al. [1], in an immiscible flood, gas and
oil remain distinct phases. Gas invades the rock as
a nonwetting phase, displacing oil from the larg-
est pores first. However, when they are miscible,
gas and oil form one phase. This mixing typically
causes the oil volume to swell while lowering the
IFT between the oil phase and water. Displacement
by miscible-gas injection can be highly efficient for
recovering oil. Wallace et al. [2] state that as reser-
voir pressure enters the near-miscible range (0.8
to 0.95 of minimum miscibility pressure (MMP)),
the vaporization of light hydrocarbon components
from the crude oil into the CO, vapor phase begins,
the mixing of CO, and oil phases progresses, and
the IFT of the system is lowered, all contribute to
improved oil recovery efficiency. It had prompted
researchers to experimentally investigate and the-
oretically model the pressure dependence of com-
plex sc-CO, and crude oil systems at elevated pres-
sures and temperatures.

The study of pressure dependence of IFT behav-
iors of complex sc-CO, and crude oil systems is not
only of particular interest to petroleum industry
but also a reliable knowledge of the confined be-
havior of injected sc-CO, at the pressure and tem-
perature conditions of reservoir which is greatly
influenced by the fluid phase interfacial interac-
tions of IFT between injected sc-CO, and reservoir
fluids, is critical for implementing CO, storage proj-
ects in geologic reservoirs (depleted hydrocarbon
bearing formations and deep saline sedimentary
formations).

Hsu et al. [3], Nagarajan and Robinson [4], Naga-
rajan et al. [5], and Gasem et al. [6] are among early
researchers who not only experimentally studied
the pressure dependence of IFT behaviors of com-
plex but standard sc-CO, + hydrocarbons systems
but also used measured input data (phase compo-
sitions and densities of the equilibrium liquid and
vapor phases) to model the experimental IFT be-
haviors of these complex but standard systems us-
ing a basic parachor expression. Based on modern
physics and an experimental database, Schechter

In the CO, injection in porous media based en-

and Guo [7] concluded that the use of new parachor
and correlations developed by them with parachor
method, IFT’s of reservoir fluids can be predicted
with the Peng-Robinson equation of state (PREOS)
with an acceptable error.

Ayirala and Rao [8] proposed a mass transfer
enhanced mechanistic parachor model to predict
gas-oil IFT at elevated pressures and tempera-
tures. They tested the performance of the proposed
mechanistic model for two reservoir crude oil-gas
systems and claimed to find an excellent match
between the experimentally observed pressure
dependence of IFT behaviors and the mechanistic
model predictions. Nobakht et al. [9] used the para-
chor model and linear gradient theory (LGT) model
for predicting the equilibrium IFT versus equilib-
rium pressure data of a crude 0il-CO2 system. Ac-
cording to them, the comparison of the predicted
equilibrium IFTs from the parachor model and the
measured data shows that, in general, the para-
chor model poorly predicts the equilibrium IFTs
between the crude oil and CO, in the equilibrium
pressure range tested. On the other hand, the pre-
dicted equilibrium IFTs from the LGT model are in
excellent agreement with the measured data.

Ashrafizadeh and Ghasrodashti [10] presented
a comparative study on five representative equa-
tions of state (EOSs) for predicting MMP using the
mechanistic parachor model together with the cri-
terion of zero IFT at the miscibility conditions. Ac-
cording to them, all of the studied EOSs can predict
MMP using the mechanistic parachor model within
an acceptable range of accuracy however the mod-
el might be found non-suitable for scenarios which
incorporate considerable amounts of polar compo-
nents. In such cases, they suggested the use of more
complicated EOSs such as electrolyte models.

However, reported modeling studies (e.g
Schechter and Guo, [7]; Orr Jr. and Jessen, [11];
Jessen and Orr Jr. [12]; Ashrafizadeh and Ghasro-
dashti, [10]; Tecklu et al.,, [13]) have relied on the
EOS based phase equilibrium calculations while
modeling the fluid phase interfacial interactions of
IFT for complex sc-CO, and crude oil systems. The
use of available EOSs for describing interfacial in-
teractions of gas-oil IFT often results in significant
deviation between the experimentally measured
and the calculated IFT versus pressure trends even
for standard sc-CO, and hydrocarbons mixtures
(e.g. Fig. 13 of Orr Jr. and Jessen, [11]; Fig. 61 of Ay-
irala, [14]).

In their mechanistic parachor model, Ayirala
and Rao [8] used the ratio of diffusivities between
the fluid phases raised to an exponent to incorpo-
rate mass transfer effects in basic parachor expres-
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sion. Again, a significant difference between the
calculated (mechanistic parachor model) and the
experimental IFT behavior of complex but standard
sc-CO, and hydrocarbon system (Fig. 61 of Ayirala,
[14]) at low pressure is still observed. Ayirala [14]
used empirical correlation for computing diffusivity
ratios in multicomponent hydrocarbon systems.

One of the possible reasons for observed dis-
agreements between the experimental and the cal-
culated IFT behaviors may be the reliance of these
studies on the use of equilibrium phase composi-
tions and densities data generated by EOSs based
phase equilibrium calculations not the experimen-
tally measured input data. This practice not only
limits our efforts to better understand the under-
lying mechanisms of gas-oil interactions responsi-
ble for observed experimental IFT behaviors but it
also hinders the development of robust yet simple
mathematical methods that are capable of depict-
ing these interactions accurately.

As evident from the published studies of Naga-
rajan and Robinson [4], Nagarajan et al. [5], and
Gasem et al. [6], using the experimental measured
input data in basic parachor expression based mod-
eling had resulted in excellent agreement between
the experimental and the calculated pressure de-
pendence of IFT behaviors of complex but standard
sc-CO, and hydrocarbons mixtures. Unfortunately,
in case of complex sc-CO, and actual crude oil sys-
tems, experimentally measured input data needed
to perform basic parachor expression based model-
ing or any other modeling methods such as mecha-
nistic parachor model or LGT are not readily avail-
able in the published literature. In this scenario, it
would be inter ‘\/ esting to test the ability of basic
parachor expression in modeling of pressure de-
pendence of complex sc-CO, and crude oil systems
using the experimentally measured input data.
Such exercise may shed new light on the underlying
mechanisms of these complex gas-oil interactions.
This study reports on such efforts.

Sequeira [15] and Sequeira et al. [16] reported
the equilibrium phase densities and compositions,
pure phase densities, crude oil composition, and
molecular weight of the equilibrium liquid phase
for various feed mixtures while inferring the MMP
of a complex sc-CO2 and live crude oil system from
the observed trends of pressure dependence of
IFT behaviors. The experimental IFT behaviors of
various feed mixtures tested by Sequeira [15] are
predicted using a version of the parachor model
described by Schechter and Guo [7] and the ex-
perimental input data reported by Sequeira [15]
and Sequeira et al. [16]. The parachor model de-
scribed by Schechter and Guo [7] uses a scaling ex-

ponent of 3.88. The results will be presented and
discussed later.

2. The Calculated IFT Behaviors of Sc-
CO, and Live Crude Oil System Tested

by Sequeira [15] and Sequeira et al.
[16]

Sequeira [15] and Sequeira et al. [16] performed
physical measurements for a sc-CO, gas and live
crude oil system to examine the effect of feed mix-
ture composition on the pressure dependence of
IFT behaviors. The experiments were conducted
for two constant composition (i.e. 70+30, and
89+11 mol% of CO, and live crude oil and two con-
stant volume (i.e. 45+55, and 85+15 volume% of
CO, and live crude oil) feed mixtures at reservoir
temperature of 114.4°C (238°F). The constant vol-
ume feed mixtures tested by them correspond to
variable composition (molar composition) of feed
mixtures. In case of variability of first composition
feed mixture, CO, composition varied from 88 to
95 mol% (i.e. 12 to 5 mol% live crude oil). For sec-
ond mixture, CO, composition varied from 52 to 74
mol% (i.e. 48 to 26 mol% live crude oil).

While performing physical IFT measurements,
Sequeira also experimentally measured the equi-
librium properties (gas and liquid phase composi-
tions of various components, equilibrium gas and
liquid phase densities, molecular weight of C7+
fraction in both liquid and gas phases). Tables 7, 8,
10,11, 13, 14, 16, 17 of Sequeira et al. [16] contain
all of the above mentioned data. However, apart
from the equilibrium properties (phase composi-
tions and densities), the parachor model also re-
quires pure and oil-cut (C7+ fraction) parachors.
In the calculations presented in this paper, C7+
fraction parachors were calculated using three dif-
ferent parachor correlations (Egs. 10, 11, and 12)
discussed in Schechter and Guo (1998) research.
The pure component parachors suggested by
Schechter and Guo [7] were used in the calcula-
tions of C7+ fraction parachors. The equilibrium
liquid phase (C7+ fraction) molecular weights
measured at various pressures (Tables 8, 11, 14,
and 17 of Sequeira et al.,, [16]) were used to de-
termine C7+ fraction parachor. Among all correla-
tions, Eq. 11 of Schechter and Guo [7] provided the
lowest parachor values. The same procedure was
used in the calculations.

Both the calculated and the experimental IFT
behaviors of feed mixtures tested by Sequeira [15]
and Sequeira et al. [16] are plotted in Figs. 1, 3, 5,
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and 7. Corresponding densities of the equilibrium
oil and vapor phases along with densities of pure
live oil and pure sc-CO, at various pressures are
shown in Figs. 2, 4, 6 and 8. The absolute varia-
tion between the individual IFT value measured
at the highest experimental pressure (41.3 MPa or
5990 psi) and corresponding calculated IFT value
ranged from 50% to 187% (Table 1). The differ-
ence between measured densities of the equilib-
rium oil and vapor phases at highest experimental
pressure (41.3 MPa) and corresponding IFT values
(experimental and calculated) are given in Table 2.

3. Comparison of the Calculated and
the Experimental IFT Behaviors of SC-
CO, and Live Crude Oil System Tested
by Sequeira [15] and Sequeira et al.
[16]

As evident from Figs. 1, 3, 5 and 7, both the ex-
perimental and the calculated IFT behaviors show
two distinct trends, i.e. a rapid decline in IFT with
pressure trend at low pressure region (IFT > 1
mN/m) and a moderate to low decline in IFT with
pressure trend at high pressure region (IFT < 1
mN/m). In high IFT region, both the calculated and
the experimental IFT behaviors for constant com-
position feed mixtures (89+11 and 70+30) show
a sharp decline in IFT with pressure (Figs. 1 and
3). In case of 89+11 feed mixture, the calculated
behavior more or less follows a trend similar to
the experimental IFT behavior (Fig. 1). However
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Figure 1. The experimental IFT (Sequeira, [15]) and the
calculated (parachor) IFT behaviors (this study) at 114.4°C
(238°F) for constant mol ratio (89 + 11) feed mixture of CO,
+ live crude oil system reported by Sequeira [15]; Sequeira
etal. [16].
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Figure 2. Corresponding measured equilibrium and pure
phase densities (Sequeira, [15]) to the experimental IFT be-
havior at 114.4°C (238°F) for constant mol ratio (89 +11)
feed mixture of CO, + live crude oil system reported by Se-
queira [15]; Sequeira et al. [16].

Table 1. Comparison of the experimental IFT (Sequeira [15]; Sequeira et al. [16]) at highest experimental pressured with
the calculated (parachor) IFT values (this study) at 114.4°C (238°F) for constant and variable mol ratio feed mixtures of
sc-CO, + live crude oil system reported by Sequeira [15]; Sequeira et al. [16].

Mol Ratio of . . Measured Absolute Deviation
. Highest Experi- Calculated IFT
sc-CO, + Live IFT value (mN/m) between the ex-
Z Type mental Pressure . value (mN/m) .
Crude Oil in Feed (MPa) (Sequeira, [15]; Se- (This Study) perimental and the
Mixture queira et al., [16]) Y calculated IFT (%)
89+11 Constant mol 413 0.01 0.018 84.7
ratio
70+30 Constant mol 413 0.01 0.029 186.9
ratio
Variable mol ratio
88 -95mol% CO, (constant volume 34.5 0.65 0.177 72.7
ratio: 85+15)
Variable mol ratio
53-74 mol% CO, (constant volume 41.3 0.02 0.030 50.2

ratio: 45+55)
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Figure 3. The experimental IFT (Sequeira, [15]) and the
calculated (parachor) IFT behaviors (this study) at 114.4°C
(238°F) for constant mol (70 + 30) feed mixture of CO, +
live crude oil system reported by Sequeira [15]; Sequeira
etal. [16].
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Figure 5. The experimental IFT (Sequeira, [15]) and the
calculated (parachor) IFT behaviors (this study) at 114.4°C
(238°F) for variable mol (88 to 95 mol % CO,) feed mixture
of CO, + live crude oil system reported by Sequeira [15]; Se-
queira etal. [16].
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Figure 4. Corresponding measured equilibrium and pure
phase densities (Sequeira, [15]) to the experimental IFT be-
havior at 114.4°C (238°F) for constant mol ratio (70 + 30)
feed mixture of CO, + live crude oil system reported by Se-
queira [15]; Sequeira et al. [16].

Figure 6. Corresponding measured equilibrium and pure
phase densities (Sequeira, [15]) to the experimental IFT be-
havior at 114.4°C (238°F) for variable mol (88 to 95 mol %
CO,) feed mixture of CO, + live crude oil system reported by
Sequeira [15]; Sequeira et al. [16].

Table 2. Difference between measured densities of the equilibrium oil and vapor phases at 114.4°C (238°F) for constant
and variable mol ratio feed mixtures of sc-CO, + live crude oil system reported by Sequeira [15]; Sequeira et al. [16].

Difference between mea-

Mol Ratio of Measured IFT sured densities of the
. Highest Experi-  value (mN/m)  Calculated IFT e .
sc-CO, + Live . equilibrium liquid and
Z Type mental Pressure (Sequeira, [15];  value (mN/m) 3
Crude Oil in Feed : . vapor phases, gm/cm
) (MPa) Sequeira et al, (This Study) . .
Mixture [16]) (Sequeira, [15]; Sequeira
etal, [16])
89+11 Constant mol 413 0.01 0.018 0.0165
ratio
70+30 Constant mol 413 0.01 0.029 0.1014
ratio
Variable mol ratio
88 -95mol% CO, (constant volume 34.5 0.65 0.177 0.1722
ratio: 85+15)
Variable mol ratio
53-74 mol% CO, (constantvolume 41.3 0.02 0.030 0.0788

ratio: 45+55)
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Figure 7. The experimental IFT (Sequeira, [15]) and the
calculated (parachor) IFT behaviors (this study) at 114.4°C
(238°F) for variable mol (52 to 74 mol % CO,) feed mixture
of CO, + live crude oil system reported by Sequeira [15]; Se-
queira et al. [16].

O Equilibrium liquid phase density (Sequeira, 2006), 52 to 74 mol % CO2

[ A Live oil density (Sequeira, 2006)

| Equilibrium vapor phase density (Sequeira, 2006), 52 to 74 mol % CO2

| % Pure CO2 density (Sequeira, 2006)

—~ 08

7 A A B 2} g
S X

=806 « X

>05 | X

I
*

o
o
X

0.0 50 100 150 200 250 300 350 400 450
Pressure (MPa)

Figure 8. Corresponding measured equilibrium and pure
phase densities (Sequeira, [15]) to the experimental IFT be-
havior at 114.4°C (238°F) for variable mol (52 to 74 mol %
CO,) feed mixture of CO, + live crude oil system reported by
Sequeira [15]; Sequeira et al. [16].

in case of 70+30 feed mixture, the calculated IFT
trend shows a sharper decline compared to the ex-
perimental IFT trend (Fig. 3).

In case of variable composition feed mixtures
(i.e. 88 to 95 mol% CO, and 52 to 74 mol% CO,),
the calculated IFT trend in high IFT region shows a
much steeper decline compared to the experimen-
tal IFT trends. For all four feed mixtures, the calcu-
lated IFT behavior in low IFT region shows more
or less a similar decline with pressure trend that
is shown by the experimental IFT behaviors. The
difference between the calculated and the experi-
mental [FT behaviors appears to diminish in low
IFT region for all except one (89 + 11) feed mix-
tures (Figs. 1, 3, 5, and 7).

In high IFT region, both the calculated and the
experimental IFT behaviors of all four feed mix-
tures show a rapid decline in IFT with pressure
(Figs. 1, 3, 5, and 7) however a little deviation in

densities of the equilibrium phases (oil and va-
por) from densities of the pure phases is observed
(Figs. 2, 4, 6, and 8). It is noted here that the cal-
culated IFT behaviors of 3 out of 4 feed mixtures
show a sharper decline compared to the experi-
mental I[FT behaviors despite densities of the equi-
librium phases show a little deviation from densi-
ties of corresponding pure phases. It is also worth
to mention here that, in case of complex sc-CO,
and crude oil systems, experimental conditions of
pressure and temperature will also significantly
affect on the equilibrium phase densities. Despite
the fact that density difference between the equi-
librium phases and the pure (live oil and sc-CO,)
phases remain large in high IFT region, all four
feed mixtures show rapid decline in IFT. Similar
observations can be made for the system investi-
gated by Saini and Rao [17].

In low IFT region, where density difference be-
tween the two phases (equilibrium liquid and va-
por or live oil and pure sc-CO,) reduces very rapid-
ly, the IFT behaviors starts to show a decline trend
different from the trend shown in high IFT region.
However the calculated IFT behaviors start to fol-
low the experimental IFT behaviors more closely.
This behavior is very similar to the IFT behaviors
of oil/water system that they typically show in the
presence of a surfactant. The IFT behavior of one
of such surfactant/oil/water systems is discussed
by Schechter and Guo [7].

According to Schechter and Guo [7], if a single
drop of alcohol is added to an oil/water system,
the alcohol will rapidly adsorb at the interface. The
[FT will be significantly reduced, but the density
difference between the bulk phases will change
very little (Fig. 6 of Schechter and Guo, [7]). As
shown in Fig. 7 of Schechter and Guo [7]), in low
IFT region, difference between the densities of
the bulk phases starts to diminish and basic para-
chor expression is able to reliably predict the IFT
behavior of the system (alcohol/oil/water). Simi-
larly, in cases of sc-CO, + crude oil feed mixtures
evaluated here, difference between the equilibri-
um vapor and liquid phase densities rapidly starts
to diminish in low IFT region and the calculated
IFT behaviors start to follow the experimental IFT
behaviors more closely.

Similarly, even for standard CO, and live decane
system (Fig. 62 of Ayirala, [14]), there exists a sig-
nificant difference between the calculated (mecha-
nistic parachor model) and the experimental IFT
behaviors in low pressure (high IFT region). Both
the calculated (mechanistic and basic parachor
models) and IFT behaviors were able to closely fol-
low the experimental behaviors in low IFT region.
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However the mechanistic parachor model based
calculated IFT behavior started to follow the ex-
perimental IFT behavior well before the behavior
of the basic parachor model based calculated IFT,
could do so.

Schechter and Guo [7] also emphasized that,
near critical point, parachor model can reason-
ably predict the IFT behavior regardless of the path
taken to the critical point. In the case of CO, and
live crude oil system studied in the present study,
it appears that the critical point at 114.4°C lies
around 41.3 MPa as suggested by a very low den-
sity difference between the equilibrium liquid and
vapor phases for 89 + 11 feed mixture (Fig. 2 and
Table 2). Three out of four feed mixtures, at highest
experimental pressure of 41.3 MPa, show low den-
sity (experimentally measured) difference ranging
from 0.017 gm/cm?3 to 0.079 gm/cm? between the
equilibrium liquid and vapor phases. The low den-
sity difference between the equilibrium liquid and
vapor phases is also signified from low IFT values
shown by both the experimental (in range from
0.01 mN/m to 0.02 mN/m) and the calculated (in
range from 0.018 mN/m to 0.030 mN/m) IFT be-
haviors. These observations suggest that despite
the large variation in feed mixtures’ compositions,
both the experimental and the calculated IFT be-
haviors show low IFT values (in the range of 0.01
mN/m to 0.03 mN/m) near critical point and the
calculated IFT behaviors are able to reasonably fol-
low the experimental IFT behaviors.

It is emphasized here that the calculated IFT
behaviors presented here use experimentally mea-
sured input data (i.e. the equilibrium phase com-
positions, phase densities, and molecular weight
of the equilibrium liquid phase). However EOS
coupled parachor calculations for modeling the
IFT behaviors of complex sc-CO, and hydrocarbon
systems that rely on the calculated input data of-
ten fail to predict the experimental IFT behaviors.
This issue will be discussed in the next sections.

4. EOS Coupled Parachor Modeling Stud-
ies

[tis interesting to note that EOS coupled basic para-
chor calculations often stop at either high IFT value
(i.e. at feed mixture’s saturation or bublepoint pres-
sure, e.g. Fig. 13 of Orr Jr. and Jessen, [11]; Fig. 1 of
Ashrafizadeh and Ghasrodashti, [10]) or attain a
low IFT value at very high saturation pressure (i.e.
at feed mixture’s dewpoint pressure, e.g. Fig. 3 of K.
Jessen, EM. Orr Jr, [12]). Such phenomena may not

necessarily be observed in the case of experimental
IFT behaviors (e.g. experimentally measured IFT
data reported by Ayirala and Rao [8] in Fig. 13 of
Orr Jr. and Jessen, [11]).

The termination of the EOS coupled parachor
calculations at the saturation pressures (buble-
point pressure) of certain feed mixtures appears
to arise from either non-convergence of the EOS
algorithm (Schechter and Guo, [7]) or inability
to perform the flash calculations for certain feed
mixtures (Ashrafizadeh and Ghasrodashti, [10]).
On the other hand, scenario of attaining a low IFT
value at very high saturation pressure (i.e. at feed
mixture’s dewpoint pressure) appears to arise
from the need of very high pressure for obtaining
the condition of no density difference between the
equilibrium liquid and vapor phases (near critical
point region).

In case of mechanistic parachor calculations
also, a significant difference between the calculated
(mechanistic parachor model) and the experimen-
tal [FT behaviors in low pressure (high IFT region),
even for standard sc-CO, and live decane system
(Fig. 62 of Ayirala, [14]), can be observed. This may
be attributed to the use of empirical correlation for
computing diffusivity ratios in multicomponent
hydrocarbon systems.

The extension of basic parachor expression for
predicting the IFT behaviors of complex sc-CO,
and hydrocarbon systems fundamentally relies on
treating multicomponent mixtures as a single com-
ponent and accounting the gas-oil interactions in
terms of the mixture Parachor. It seems that the
modification in the slope of IFT versus pressure
curve will be equivalent to a modification to the
Parachor if multicomponent mixture is treated as a
single component system. These observations sug-
gest that the mechanistic parachor model essen-
tially modifies the mixture Parachor by taking an
account of gas-oil interactions in terms of their dif-
fusivity ratios. The use of diffusivity ratios appears
to improve the predictions of the components’ dis-
tribution and their concentrations in the equilibri-
um fluid phases that end up in a modified mixture
Parachor compared to the mixture Parachor incor-
porated in the basic parachor expression.

Recently, Georgiadis et al. [18] used a density
functional theory (DFT) based on the statistical
associating fluid theory-variable range (SAFT-VR)
equation of state (EOS) for modeling the experi-
mental IFT behaviors of standard CO, and hydrocar-
bon systems. The use of a density functional theory
(DFT) based on the statistical associating fluid the-
ory-variable range (SAFT-VR) EOS appears to pro-
vide a good description of the bulk fluid phases for
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standard CO, and hydrocarbon systems as shown
by the reliable prediction of the experimental IFT
behaviors for standard CO, and hydrocarbon sys-
tem (Fig. 9). These results are encouraging however
capability of the SAFT-VR-DFT EOS for modeling of
the IFT behaviors of complex CO, and hydrocarbon

systems still needs to be evaluated.

5. Summary and Conclusions

The results presented here suggest that a basic
parachor expression based calculated IFT behav-
iors reasonably follow the experimental IFT be-
haviors of complex sc-CO, and crude oil systems
in low IFT (< 1 mN/m) region. However, a signifi-
cant deviation between the calculated and the ex-
perimental IFT behaviors may still be observed
in high IFT region (> 1mN/m). Despite the large
variations in the feed mixtures’ compositions, both
the calculated and the experimental IFT behaviors
show low IFT values (ranging from 0.01 mN/m to
0.03 mN/m) near critical point region.

The results suggest that the use of experimen-
tally measured input data coupled parachor mod-
eling may provide more robust predictions of the
experimental IFT behaviors of complex sc-CO, and
crude oil systems. An analysis of published studies
(basic and mechanistic parachor expressions based
modeling of pressure dependence of I[FT behaviors
of both standard and complex sc-CO, and crude oil
systems) and the results of this study reinforce the
need to better description of gas-oil interactions
for robust modeling of pressure dependence of [FT
behaviors of these complex systems.
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