N

N

Comparative study of vapour-liquid equilibrium and density

modelling of mixtures related to carbon capture and storage

with the SRK, PR, PC- SAFT and SAFT-VR Mie equations of
state for industrial uses

Alfonso Gonzalez Perez, Christophe Coquelet, Patrice Paricaud, Antonin Chapoy

» To cite this version:

Alfonso Gonzalez Perez, Christophe Coquelet, Patrice Paricaud, Antonin Chapoy. Comparative study of
vapour-liquid equilibrium and density modelling of mixtures related to carbon capture and storage with the
SRK, PR, PC- SAFT and SAFT-VR Mie equations of state for industrial uses. Fluid Phase Equilibria, 2017, 440,
{10.1016/j.fluid.2017.02.018). <hal-01487723)

HAL Id: hal-01487723
https://minesparis-psl.hal.science/hal-01487723v1

Submitted on 13 Mar 2017

HAL is a multi-disciplinary open access archive L’archive ouverte pluridisciplinaire HAL, est des-

for the deposit and dissemination of scientific re-
search documents, whether they are published or not.
The documents may come from teaching and research
institutions in France or abroad, or from public or pri-
vate research centers.

tinée au dépot et a la diffusion de documents scien-
tifiques de niveau recherche, publiés ou non, émanant
des établissements d’enseignement et de recherche
francais ou étrangers, des laboratoires publics ou
privés.

Au‘to'flizﬁtion
HAL Authorization


https://minesparis-psl.hal.science/hal-01487723v1
https://about.hal.science/hal-authorisation-v1/
https://about.hal.science/hal-authorisation-v1/
https://hal.archives-ouvertes.fr

Comparative study of vapour-liquid equilibrium and density modelling of
mixtures related to carbon capture and storage with the SRK, PR, PC-
SAFT and SAFT-VR Mie equations of state for industrial uses

Alfonso Gonzalez Perez*®, Christophe Coquelet®, Patrice Paricaud™® and Antonin Chapoy*®”

% Hydrates, Flow Assurance & Phase Equilibria Research Group, Institute of Petroleum
Engineering, Heriot-Watt University, Edinburgh, EH14 4AS, UK

® MINES ParisTech PSL Research University, CTP-Centre of Thermodynamics of Processes,

35 Rue Saint Honoré, 77305 Fontainebleau, France

¢ UCP, ENSTA ParisTech, Université Paris-Saclay, 828 Boulevard des Maréchaux, 91762

Palaiseau cedex, France.

* Corresponding Author: Antonin Chapoy (antonin.chapoy@pet.hw.ac.uk)

Abstract

Carbon capture and storage (CCS) is nowadays considered as one of the most promising
methods to counterbalance the CO, emissions from the combustion of fossil fuels, natural gas
processing, cement manufacturing, etc. In dealing with the transport and the storage of CO,-
rich streams, design of a safe and optimum process requires the knowledge of thermophysical
properties (especially density) of CO,-rich mixtures. Consequently, the development of
accurate thermodynamic models to evaluate these properties plays a key role in the context of
CCS. This work is focused on comparing the capability of four Equations of State (E0Ss) in
modelling the Vapour-Liquid Equilibrium (VLE) and the density of binary mixtures of
interest in the field of CCS. Two Cubic EoSs (CEo0S), the original Soave-Redlich-Kwong
(SRK) and Peng-Robinson (PR) EoSs, and two Statistical Associating Fluid Theory-based
EoSs, namely the Perturbed Chain (PC-SAFT) EoS and the Variable Range SAFT-VR Mie
EoS have been considered. These EoSs were compared (with both zero and regressed binary
interaction parameters) with respect to VLE and density data of 108 binary mixtures of five
main gaseous components (CO,, CH,4, C,Hs, N2, and H,S). Concerning the cubic EoS, the
Peneloux volume translation was used to better correlate densities. The comparison reveals
that on average the most accurate VLE and density predictions are obtained with the SAFT-
based EoSs, while similar results in VLE calculations are obtained with the four EoSs when
regressed binary interaction parameters are used. The SAFT-VR Mie EoS is on average more

accurate for the description of VLE and density data than the other studied models.

Keywords: Equation of state, SAFT, Density, Phase behaviour, CO, and CCS.
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1. Introduction

Carbon Capture and Storage (CCS) has been proposed as a potential method to mitigate
climate change. Carbon storage may allow continued combustion of fossil fuels in power
stations preventing CO, emissions to the atmosphere and covering the electricity demand in
conjunction with other zero-emissions technologies (renewable resources and nuclear power
plants) [1]. However, power stations are not the only source of CO, which can be fitted with
carbon capture technologies; many other industrial processes also produce large amounts of
COg, such as cement manufacturing or natural gas treatment, where the CO, is also emitted

along significant amount of H,S.

CCS incorporates a large number of technologies and processes, such as combustion methods,
transportation pipelines, and injection systems. Thus, under this framework, the selection of a
predictive thermophysical property model is of principal importance. The development of
accurate thermodynamic models to predict thermophysical properties is required for the
design of a safe and optimum CO,-rich steams transport and storage system. These
thermodynamic models or equations of state (EoSs) should accurately predict phase diagrams

and the densities of the coexisting phases far and close to the supercritical region.

Several thermodynamic models have been used in the literature to predict the phase behaviour
and densities of CO,-rich systems and reservoir fluids. Countless EoSs have been proposed
and have evolved since Clapeyron [2] proposed the ldeal Gas (IG) law in 1834. Next
milestone in the history of EoS was the van der Waals (vdW) EoS (1873) which is the
beginning of the cubic equations of state (CE0S) [3]. Although the vdW equation of state was
the first EoS that considered a pairwise attractive intermolecular force, there has not been any
significant improvement of CEoS until Redlich and Kwong revised the van der Waals EoS in
1949. In the 1970’s, Soave proposed a modification known as the Soave-Redlich-Kwong
(SRK) EoS [4], which allowed better descriptions of pure component vapour pressures, while
Peng and Robinson (PR) [5] later developed another EoS based on the vdW equation, which
improved the poor saturated liquid density description of SRK EoS [6] for hydrocarbons.
These two equations combine simplicity and reasonable accuracy, and give accurate results
for mixtures of non-polar fluids; for this reason the SRK and PR Eo0Ss had rapidly gained
acceptance by the hydrocarbon industry. CEoS are probably the most-widely employed EoSs
in thermodynamics [7] and, because of this, many modifications have been proposed. Thus,
for the purpose of improving the cubic EoSs, different functional terms or additional

parameters were proposed, e.g. the Peneloux volume translation [8] which provides better
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liquid densities calculations [9]. However, despite the success of cubic EoSs, the accuracy of
these equations decreases when predicting the behaviour of substances that form strong
association (hydrogen bonding) between molecules, as classical EoS were developed by
considering only the van der Waals dispersion forces [10]. Therefore, in order to improve the
CEoS for associating fluids, it was necessary to add some contributions to the perturbation
expansion of the free energy according to the thermodynamic perturbation theory (TPT) of
Wertheim. Chapman et al. [11] derived the Statistical Associating Fluid Theory (SAFT)
equation of state by applying Wertheim’s TPT and extending it to mixtures. Many
modifications of the SAFT-based EoSs were suggested over the years, such as CK-SAFT
[12], Lennard-Jones SAFT (LJ-SAFT) [13], variable range SAFT (SAFT-VR) [14], soft-
SAFT [15] and perturbed-chain SAFT (PC-SAFT) [16] [17]. According to perturbation
theory, the idea behind the statistical theory is to split the Helmholtz free energy in several
contributions. Each SAFT version is different depending on the interaction pair potential
between the segments (square-well, Lennard-Jones, Mie, etc) and the approach used to
calculate the contributions (hard sphere, chain, association, etc). By applying Wertheim’s
TPT, the Cubic Plus Association EoS (CPA) [18] was developed by combining the simplicity

of a cubic equation of state (SRK) and the TPT employed for the association part.

In upstream operations, there has been little interest amongst the oil and gas industry to look
for more accurate EoS, considering that in reservoir simulations the cubic EoSs provide
enough accuracy due to uncertainties in the geology and the flow in porous media. Likewise,
considering the computational time, thanks to their simplicity, cubic EoSs are scarcely
replaced by more complex PVT models in reservoir simulations. However in the downstream
industry and CCS, more sophisticated thermodynamic models can be applied in order to
increase the accuracy of the PVT modelling: for example SAFT-like EoSs can provide a
better density description at high pressures and high temperatures (HPHT) [19]. Then, despite
that PC-SAFT has been implemented in some commercial software and used in asphaltene
precipitation modelling, the SAFT-based EoS are still less matured in PVT modelling than the
SRK or PR E0S [19].

In this work, two CEoS and two SAFT-based EoSs are used to model vapour-liquid equilibria
(VLE) and densities of 108 binary mixtures of the main compounds of flue gas and reservoir
fluids, leaving aside the associating compounds, i.e. water. The studied systems are binary
mixtures of CO, CH,, CoHg N, and H,S with alkanes, the typical flue gases (O, Ar, CO and
SO;) and aromatics. The assessed models are the classical PR and SRK CEoS, the well-

known PC-SAFT EoS and one of the latest versions of the family of SAFT equations, the
3



SAFT-VR Mie EoS [6] [20]. This study focuses on non-associating compounds. Here, a non-
associating model for H,S with the PC-SAFT and SAFT-VR Mie EoSs has been considered,
although H,S has been described by Dufal et al. [21] using a 4C association model with
SAFT-VR Mie. Note also that Diamantonis et al. H,S [22] found that considering H,S as an
associating-compound is slightly less accurate using the PC-SAFT EoS for describing the
VLE of systems such as CO,-H,S.

Furthermore, the models used are briefly presented, especially the SAFT-based EoSs. The
results of the comparison between the cubic and SAFT EoSs are then presented in two parts
corresponding to the descriptions of binary VLE and density data. A large amount of data was
collected from the literature: experimental data (binary VLE and single-phase fluid densities)
and reliable correlations (pure component densities). In order to make a fair comparative
study, the four models have been treated following the same procedure and using the same set

of data for fitting the temperature-independent binary interaction parameters (BIP).
2. Thermodynamic models
2.1 Cubic Equations of State

An EoS is a thermodynamic analytical expression describing the state of matter and relating
pressure (P), temperature (T) and molar volume (v). Most of the CEoS are pressure-explicit
equations and once they are solved for volume (or density), other properties, such as fugacity
or chemical potential, can be obtained from thermodynamic relations [22] [23]. The cubic
family of EoSs are based on a cubic dependence on the volume with two parameters, a and b;
and a temperature-dependant function which can be correlated to experimental data (vapour

pressure). CEoS can be expressed by this general formula [24]:

RT aa(T)

P= T2 2
v—-b Vv +uvb+wb

1)

where R is the ideal gas constant, a and b are the parameters of the EoS calculated using the
critical temperature (T.) and pressure (P;) of each component; a(T) is a function of
temperature, acentric factor, T, and P.. SRK and PR are the CEoS considered in this work, u

and w are constants, and their values are u= 1 and w= 0 for SRK and u= 2 and w= -1 for PR.

In this work, the original expression for the a function was used, proposed by Soave [4] for
the SRK EoS, and that of Peng and Robinson [25] for the PR E0S. No pure component



parameters were adjusted. In order to extend the CEoS to multicomponent systems, the

standard van der Waals mixing rules were used, i.e.:
b =2 xb @)

a=y>" XX, aa; L—k;) ©)

where x; and x; are the composition of pure components i and j, and k;j; the binary interaction
parameter (BIP). The BIPs are coefficients introduced to better describe the experimental

phase behaviour.

In general, liquid densities tend to be underestimated by the SRK and PR CEoS [26]. To
improve the density predictions of dense fluid phases, volume translations can be used. The
Peneloux volume correction (VC) [8] has been implemented herein (Equation 4) and the
results with and without Peneloux shift parameters are discussed in the Section 3.2.
EoS &P c
V=V 4 inivi "
where VE® is the molar volume calculated by the SRK and PR EoSs and V¢ the volume
correction parameter. The volume translation parameters have been treated as temperature
independent [8]. The liquid density calculations are improved by the use of temperature-
dependent parameters for the volume corrections; however the use of temperature-dependent
parameters has greater influence on derivative thermodynamic properties, such as heat

capacities (cy and cp) [27].
2.2 SAFT Equations of State

SAFT - like EoSs are based on perturbation theories [11]. They are expressed in terms of the
reduced Helmholtz energy and as a sum of several contributions corresponding to the free
energy of the reference fluid and the various perturbation terms (Eqgs. 5 and 6). The PC-SAFT
model was developed by considering the hard chain fluid as the reference system and
applying the perturbation theory of Barker and Henderson [28] [29]. The SAFT-VR Mie is a
reformulation of the variable range SAFT-VR EoS and incorporates the third order term of

Barker and Henderson perturbation expansion [6].
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One of the most important differences between the SAFT-VR Mie and PC-SAFT EO0Ss is the
pair potential considered. Concerning the PC-SAFT EoS, the modified square well pair
potential (Eq. 7), suggested by Chen and Kreglewski [30] is applied to compute the effective
hard sphere diameter, while the Lennard-Jones (LJ) potential was used for the dispersion

term.

0 r<(a—sJ

3 (o-s)<r<o
u(r) =
-& o<r<aoc

0 r>ao (7)

Concerning the SAFT-VR Mie EoS, the pair potential is the Mie potential that is a
generalized version of the LJ potential. The Mie pair potential has two additional adjustable
parameters (repulsive and repulsive exponents, A; and A,) that allow for a better description of

derivative thermodynamic properties [20]. The Mie potential is given by

()

In both Egs. (7) and (8), u(r) is the pair potential between segments, r the radial distance, o

u(r) = /i’

A

r

(8)

the segment diameter and ¢ the depth of potential well. In Eq. (7), « is the reduced well width

and a ratio of s;/6=0.12 is assumed [16].

The PC-SAFT and SAFT-VR Mie pure-component parameters used in this work are taken
from the literature [6] [17] [31] [32] [33]. Another difference between these EoSs is the
number of parameters regressed by fitting pure component data. For non-associating
components, the PC-SAFT model requires three parameters: the segment number (m), the
segment diameter (o) and the segment energy (¢). For the SAFT-VR Mie Eo0S, besides the
traditional SAFT parameters m, o and &, two extra parameters are required to describe the Mie
potentials (1 and 1), although it is common to fix A, to 6. The used molecular parameters for
the PC-SAFT EoS from the literature are fitted to vapour pressure and saturated liquid
density, while the SAFT-VR Mie parameters are regressed using in addition condensed-liquid

density and speed of sound data points [20].



As the SAFT-VR Mie EoS is a relatively recent EoS, there are no published parameters for
the long chain alkanes. Hence, in order to avoid fitting the parameters for each compound, the
molecular parameters for the series of n-alkanes have been correlated with respect to the
molecular weight (M,,) following a similar procedure as Pedersen et al. for PC-SAFT [34]. It
has been found that the number of segments m increases linearly with molecular weight M,
for long-chain alkanes. Thus, from a least squares analysis, m and M,, can be related using Eq.
(9). However to correlate the diameter and energy of the segment, as well as the Mie
repulsion exponent, the linear dependence is between the M,, and the product of ma, melk, and
mir (EQgs. 10-12). In Figure 1, these correlations are plotted together with the coefficients of

determination (R®) from the least squares analysis.

m=0.0135M,, +1.0324

)
mo =0.07278Ml,, +3.269¢ (10)
me/k, =8.0318M,, +52.044 (12)
mA, =0.3723M,, +4.3417 (12)

Once the pure compound parameters are determined, binary interaction parameters (BIPS) can
be adjusted against vapour-liquid equilibrium data of mixtures. The BIPs are coefficients
introduced to correct the combining rules for the unlike attractive dispersive energy (eij) [35].
The conventional Berthelot-Lorentz combining rule has been used (Eg.13) [16] in the PC-
SAFT EoS, while the SAFT-VR Mie model uses a specific geometric relation defined by
Eq.14 [20].

Eij

(1_ kij )\/a (13)
b WO

&j

(14)

where k;; is the binary interaction parameter (BIP) and o; the segment diameter of compound i.
The combining rule used to calculate gj; is given by

i 5 (15)

3. Results and discussion



108 binary systems of 29 typical components in flue gases and reservoir fluids were
considered in this study. The selected components are 7 gases (CO,, Ny, O, Ar, H,S, CO and
S0,), 20 alkanes and 2 aromatics (benzene and toluene). A summary of the VLE and density
data available in the literature for the studied binary mixtures is presented in Table 1. This
comparative analysis has included a large number of experimental data sets collected from the
literature. All data sets collected are included in the NIST Databases [36] [37]. However,
many of the PVT data collected have not been used in order to avoid wrong calculations (i.e.
VLE points close to the critical point) or because they were not consistent (i.e. data points not
following the trend of the isotherm and data sets with lack of consistency between isotherms
or other authors). In total, 22904 VLE and 26479 density experimental data points of binary
mixtures have been used in this work. In addition, 31928 single phase densities of pure

components have been obtained from correlations and E0Ss.

The comparative study is divided into two parts: phase equilibrium and density calculations.
For the phase equilibrium, bubble point pressures and vapour phase compositions are
predicted with zero binary interaction parameters (k;;=0). BIPs are then regressed on the VLE
data for each binary mixture. In order to do a fair comparison between Eo0Ss, the regression
was done by treating the k;j’s as temperature independent. The BIPs have been regressed by
minimizing the objective function given in Eq. 16, which is the sum of the deviations between
the calculated bubble point pressures and the experimental VLE data. Subsequently, the
deviations in the bubble point calculations were again determined for each model using the

regressed ki;’s.

The second part of the study is focused on density calculations. Firstly, the densities of pure
components are predicted and compared against the correlated data from the literature.
Secondly, the densities of binary systems are calculated and also compared against the
compiled experimental density data. The kj; values regressed on bubble points were used for
predicting densities and the volume-translation concept within the framework of CE0S was

also considered.

N Pixp e P(L:Jal e
min E zlooz ‘ bubbl _ bubbl
N Poutiote

1

(16)

The modelling results are assessed by comparing the average deviations (%AAD) between the
models and the experimental data. The AAD is the average absolute deviation and is defined

as
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where X is the evaluated property (bubble pressure, vapour mole fraction or density), N is the
number of data, the exp and EoS exponents denote the experimental data and the calculations
from the equation of state, respectively.

3.1 VLE calculations

The Mie molecular parameters of the n-alkanes series were correlated to the molecular
weights. Then, before introducing the VLE results, the vapour pressure of nCy4, NCyg, NCysg,
nC,s and nCs, were studied using the correlated parameters (Figure 2). At reduced
temperatures (T, = T/T.) between of 0.5< T, <0.9, the average absolute deviation of the
calculated vapour-pressure is 5.8%. However the VLE calculations for the systems containing
long n-alkanes are performed at temperatures that can be considered around 0.7 T,. Therefore
the average deviation in the saturation pressure of the long-chain alkanes is 1.95%, and is
similar to the %AAD of the description of saturation pressure of the n-eicosane using fitted

parameters from the literature, 1.83%.

The phase equilibrium study is divided in five parts, according to the main five gaseous
components considered in this work: CO,, CH4, C2Hs, N2 and H,S. Due to the large number
of considered systems, several types of phase diagrams have been found. According to the
Scott and van Konynenburg classification [38], the phase diagrams of the studied systems are
classified as type I (e.g. CHs—CO,, C,Hg—H,S, CO,—0O, [39]), type Il (e.g. CO,—n-octane,
CO2-n-decane [40]), type IlI (e.g. CO; + longer n-alkanes than Ci4 [41] or CH4#—H,S [42])
and type V (e.g. CHs;—n-hexane [43]). Despite the different temperature ranges and number of
experimental data available, all the studied systems were treated equally, i.e. special
treatments in favour of a particular model was avoided in order to do a relevant

comprehensive evaluation of the four models.

Firstly, the VLE results of modelling the CO, binary systems are presented in Table 2. The
experimental VLE data for 27 mixtures of CO, over a broad range of temperatures were
modelled using the SRK, PR, PC-SAFT and SAFT-VR Mie EoSs. In general, the four studied
models lead to similar results for the phase equilibrium predictions (k;;=0) and calculations
(ki#0), with %AAD averaging approximately 15% and 4.3% respectively. It has been
observed that the deviations of the SRK model are similar to those reported for the PR EoS, as

well as the BIPs regressed for each studied system. However, comparing both SAFT EoSs, a
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slight difference can be seen between the regressed kjj values. The k;; values for the CO; + n-

alkanes systems and their trend are plotted in Figure 3.

The SAFT-VR Mie EoS is on average the model which predicts the VLE of CO, systems with
the lowest %AAD to experimental data. Both CEoS models better describe the phase
equilibrium of the mixtures of CO, with gases (N2, O, Ar, H,S, CO and SO,) and aromatic
compounds (benzene and toluene); while the SAFT-based EoSs better performed for the CO,
+ alkanes systems.

Special mention is made in Figure 4 about the CO, + N, system due to the very poor
predictions done by the CEoS and SAFT-VR Mie Eo0S. In the Figure 4a, it can be observed
that the PC-SAFT EoS predicts (k;=0) with reasonable accuracy this system. The SRK and
PR models underestimate the bubble point pressure, while it is overestimated by the SAFT-
VR Mie Eo0S. Consequently, in Figure 4b, the four models similarly describe the phase
equilibria by using fitted BIPs.

The average absolute deviation in the bubble point pressures and vapour-phase compositions
for the CH, + Comp2 binary systems predicted by the four studied models are presented in
Table 3, as well as the regressed ki; values and model deviations in the VLE calculations. The
SAFT-VR Mie model presents the best predictive capability (9.9% in AP"™® against the
12.8% of PR Eo0S), the four studied models report comparable AADs around 4.5% using the
fitted independent temperature BIP. In Figure 5, the phase diagram of the CH4 + CO, system
is performed as an example of the good agreement between the CEoS and VLE data for such

type of systems.

In Table 4, the results for the C,Hg + Comp2 systems are reported. One can observe that the
lowest deviations between predicted (kj =0) and experimental VLE data of these binary
systems containing ethane were obtained in general with CEoS. It is worth noting the high
deviation in the vapour-phase composition for ethane + gases binary systems reported by all
the models, with AADs around 21% for predicted and 12% for calculated Ay;. Such high
deviations in the vapour composition may be explained by the low miscibility of ethane in
the vapour phases which leads to high relative errors, as depicted for example for the C,Hg +

Ar system in Figure 6.

The SAFT-VR Mie EoS is the best model for predicting the VLE of nitrogen + Comp2 binary
mixtures; however, these mixtures are the only systems which, on average, are better

predicted by the cubic equations of state using the regressed BIP (Table 5). An example
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which illustrates this is the phase equilibria of the N, + H,S system performed in Figure 7,
where it can be seen that the SAFT-VR Mie model better predicts the VLE data, although, by
using regressed k;; values, the PR EoS describes this system slightly better than the SAFT-like
EoS.

Finally, the VLE results of modelling the H,S + Comp2 binary systems are reported in Table
6. As with the previously presented CO,, methane and ethane mixtures, the model that better
performs for hydrogen sulphide binary systems is the SAFT-VR Mie EoS. Hydrogen sulphide
was modelled as a non-associating molecule and the results from the SAFT-based EoSs are in
good agreement with VLE data of the H,S + Comp2 systems, although better results are
expected when modelling the H,S as an associating compound.

A summary of the VLE results is reported in Table 7. The deviation of each collection of
mixtures is presented, divided into four groups: gases, alkanes, aromatics and average. The
overall deviations of the four models are also provided in this table. It can be first concluded
that the cubic equations of state and the SAFT models have comparable predictive capabilities
(%AAD around 14% in AP and 5% in Ay;) and similar results in VLE calculations using
the regressed BIP (approximately 4.8% in AP®®™® and 3.1% in Ay;) were obtained for all
models. Nevertheless, in general, the SAFT-VR Mie EoS predicts (ki=0) and describes (using
the fitted BIPs) the phase equilibria of the 108 binary systems slightly better than the other
three studied EoSs. Focusing our attention on the groups of compounds, it can be highlighted
that the SAFT-based EoSs allow for the lowest deviations on the description of systems
containing alkanes, while both CEoS perform better for mixtures containing gaseous
components as well as the aromatic compounds. If the two cubic models are compared,
despite the high level of similarity, it can be concluded that, on average, the SRK EoS better
predicts the phase behaviour of the studied systems with k;=0, while the PR EoS reports
lower deviations on the VLE calculations, when k0. In general, the PC-SAFT EoS leads to
higher average deviations, especially for the mixtures with gases and aromatics. Nonetheless,
as previously mentioned, the PC-SAFT model outperformed the CEoS for the systems
containing alkanes. This is because the PC-SAFT EoS is a hard-chain reference fluid and the

dispersive contribution to the Helmholtz free energy is fitted to the series of n-alkanes [16].

VLE calculations using the BIPs fitted to the literature data present substantial improvement,
decreasing, on average, by around 65% the deviation on bubble point pressures and 40% on
the vapour-phase composition. In order to continue comparing the equations of state, the BIPs

have been used for studying statistically the results of the four models.
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The average kij-’s for the four EoSs have been calculated by averaging the regressed BIPs for
all the binary systems. The CEoS present similar average k;; around 0.068, while the SAFT-
like E0Ss give smaller values, 0.045 for the PC-SAFT EoS and 0.031 for the SAFT-VR Mie
EoS. The average kj can be an indicator of the predictive capability of the model for
multicomponent systems. A small average kj; implies that a smaller adjustment is necessary to

tune it from the default state (k;;=0) to the optimal value [19].

A sensitivity analysis has been performed in order to understanding how much the %AAD
decreases by the employment of the optimal k. The sensitivities between predicted (predic)

and calculated (calc) bubble pressures and vapour compositions are calculated as

o wble L X
Sensitiviy AP™™ Zﬁé‘(APcalc — APy /K (18)

Sensitiviy Ay, = iIiZNl:(Ayca,c ~ Y e /%, (19
The average sensitivities for the 4P and 4y, as well as the average k;;, are reported in Table 8.
As it can be observed in this table, two levels of sensitivity can be differentiated between the
CEoS and the SAFT-based E0S, being PC-SAFT and SAFT-VR Mie EoS twice more
sensitive than PR and SRK models. For example, according to the average sensitivity, by
modifying 0.1 the value of the ki, it changes the deviation on bubble point pressure in 1.4%
for the CEoS, 2.7% for the PC-SAFT EoS and 2.9% for the SAFT-VR Mie Eo0S. It also
important to note that there is no linear change between 4P and kj, but in this work the

sensitivity index is roughly well defined by our calculated average sensitivities [19].
3.2 Density calculations

The capability of the models to describe pure compound densities is first compared. 22
components have been selected from the 27 compounds that are presented in this work,
dismissing the long-chain alkanes (longer than nC;,) due to the unavailability of correlations of
data for these compounds in the whole ranges of pressure and temperature. The pure compound
density comparison is divided into saturated-liquid density and single-phase fluid density
predictions (P7p) at gas, liquid and supercritical (SC) states.

First, the saturated-liquid density of the studied compounds has been correlated by SRK, PR,
PC-SAFT and SAFT-VR Mie EoS at 15 temperatures below 0.9T,. The deviations in the

calculated liquid saturated densities are shown in Figure 8. On average, the SAFT-VR Mie
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EoS leads to AAD below 1%, slightly smaller than 1.4% for the PC-SAFT model and
significantly smaller than the AAD of the CEoS, 6% for PR and 12% for SRK. The PR EoS
better predicts the saturated-liquid density of CO,, most alkanes and aromatic compounds
than the SRK EoS, while the SRK EoS is more accurate for small molecules like CHg4, N2, O,
Ar and CO. The saturated density predictions of the CEoS are improved using the Peneloux
volume correction, decreasing the AAD% to 4% for the PR+VC and 6% for the SRK+VC.

The SAFT-based models require the use of experimental vapour pressures, saturated-liquid
densities and PTp data to fit the molecular parameters, therefore it was evident that the SAFT-
based EoS predict saturated-liquid density better than the CEoS. Obviously, the SAFT-VR
Mie EoS with 5 molecular parameters correlates the saturated properties with lower
deviations than PC-SAFT with 3 parameters. However, unlike the cubic models, the SAFT
models do not reproduce well the critical point (CP), especially the critical pressure (P.), and
this leads to larger density deviations around the CP. Again, the SAFT-VR Mie EoS predicts
comparatively better the critical point than the PC-SAFT model. An example of CP
calculations is reported in Table 9 for CO,. It can be observed that, as it is usual for SAFT-
EoS, all the critical properties are overestimated by the PC-SAFT and SAFT-VR Mie EoS.

For the single-phase densities (P7p), 31928 densities of pure compounds have been obtained
from reliable correlations and multi-component EoSs [36]. Thus, the PTp data of the 22
components have been evaluated at 15 temperatures between 253 and 523K and pressures up
to 150MPa, at gas, liquid or SC states depending on P-T conditions. The deviations of the
density calculations are presented as %AAD, as well as the maximum average deviation
(MAD%), i.e. the largest value in a set of absolute deviations. As mentioned in section 2, the

use of volume corrections can improve density calculations of fluid dense phases.

In Table 10, the results of P7p modelling with PC-SAFT, SAFT-VR Mie and the cubic EoSs
with and without volume correction (VC) are reported. In general, the deviations are similar
to the results of the correlated saturated-liquid densities; the SAFT-VR Mie Eo0S is the most
accurate model for the predictions of P7p (1.2% AAD), followed by the PC-SAFT (1.6%
AAD), PR (6.7% AAD) and SRK (7.4% AAD) EoSs. By comparing the two cubic EoSs, it
can be observed that the SRK EoS better predicts the densities of gas molecules and short-
chain alkanes (until n-butane). However, the PR EoS provides better predictions for aromatics
and longer alkanes. It can be seen a considerable improvement when cubic models are
combined with the Peneloux volume translation, as expected, and deviations to experimental

densities are reduced by more than 70%. The SRK+Peneloux and PR+Peneloux deviations
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are around 2% and these results are actually comparable to the deviations reported for SAFT-
like EoS. However, it is worth mentioning that the maximum absolute deviation (%MAD) for
the CEoS are much higher than the %MAD reported for the PC-SAFT and SAFT-VR Mie
EoSs and, despite the use of the volume correction, gives better average results, in many cases

the %MAD is slightly higher when applying the Peneloux-VC.

The second stage of the density calculations analysis is the modelling of binary systems. The
experimental density data available for the studied mixtures are summarised in Table 1 and, as
it can be seen, there are no data for many of the considered systems during the VVLE analysis.
Therefore, 26479 single phase density (PTpx) literature data were collected from NIST
standard reference database [37], even though it is worth noting that the data used for the
mixture with long-chain alkanes are saturated liquid density data points. The density data of
57 binary mixtures of CO,, CH4, CoHg, N, and H,S with alkanes, gases and toluene were
modelled with the SRK, PR, PC-SAFT and SAFT-VR Mie equation of state, as well as using
the Peneloux volume correction coupled with CEoS. The phase equilibria of all these binary
systems were studied and are presented in the VLE section. Therefore, the previously reported
BIP are used herein in order to avoid the wrong prediction of the two phase region during

PTpx calculation.

The AAD in density calculations using the investigated EoS are reported in Tables 11-15. The
number of data taken into consideration, the ranges of temperatures, pressures and
compositions are presented in these tables, besides the average absolute deviations of the

different investigated models.

The average absolute deviations in density calculations of binary system are summarised in
Figure 9. The models can be divided into three groups according to their level of agreement to
the experimental data: SAFT-EoS (2.75% AAD), CEoS+VC (3.5% AAD) and CEoS without
VC (6.75% AAD). In Figure 10 and 11, the densities of C,Hg + H,S and CO, + H,S systems
are performed using one of each group of equations in order to illustrate the usual results
comparing the density calculations from SAFT-Eo0S, CEoS+VC and CE0S. The more precise
models are the SAFT-based EoS; the SAFT-VR Mie EoS predicts densities with higher
accuracy than the other investigated models for most of the studied systems. Nevertheless, the
PC-SAFT model gives better density calculations for mixtures with long-chain alkanes, for
example the saturated liquid density of the systems CO, + nCy, CH4+ NCy and C,Hg + NCy
are described with around 30% lower AAD than with the SAFT-VR Mie EoS. In a second

level of accuracy, the CEoS coupled with the Peneloux volume translation report a little
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higher average deviation than the PC-SAFT model, indeed density calculations of the N, +
Comp2 are better performed using the CEoS+VC than the PC-SAFT EoS (Figure 12). Finally,
the CEoS without the Peneloux volume translation present the lowest accuracy in density
calculations; the AAD without VC almost doubles the deviations coupling the volume
translation. Therefore, as obtained for pure compounds, the density calculations of binary
mixtures with CEoS are significantly improved using the VC and both CEoS perform with
similar accuracy. On the one hand, the PR EoS is on average slightly more accurate and it
better predicts the densities of C,Hg and H,S + Comp2 binary systems. On the other hand, the
SRK EoS leads to better results for the CO,, CH4 and N, + Comp2 mixtures, as shown in

Figure 13 for the CH4 + N3 system.
4. Remarks and Conclusions

A comprehensible comparison has been made between the SRK, PR, PC-SAFT and SAFT-
VR Mie EoSs in the scope of CCS. These models were used to describe both VLE and density
data. The investigated equations of state have been used to predict the phase behaviour of 108
binary systems of typical components of flue gases and reservoir fluids. In general, the SAFT-
VR Mie EoS better predicts the VLE with an average deviation of 13.3% compared to the
experimental data for equilibrium pressure, followed by the CEoS, with 13.7% for the SRK
and 14.2% for the PR E0Ss. Independent temperature binary interaction parameters (BIPS)
have been regressed on the VLE data. Using fitted BIPs, the SAFT-VR Mie EoS is the most
accurate model among the four, to correlate the phase equilibria of the investigated systems,
with an AAD of 4.71%, slightly higher deviations are observed for PR (4.73%) and SRK
(4.82%). The PC-SAFT EoS is the model which reports on average a little higher deviation
(5.03%), however it is worth noting that the PC-SAFT model correlates the systems with
alkanes better than CEoS. In addition, the SAFT-based EoSs are more sensitive to the
variation of k;; than the CEoS. Therefore, SAFT-like EoSs have better predictive capabilities
as smaller ki are necessary. However, there is no big increase in accuracy between the
correlations from CEoS and SAFT-EoS when the BIPs are used. Therefore, one may prefer to
use a simpler and computationally faster CEoS when the BIPs can be optimized using
available VLE data, or the more-complex SAFT-VR Mie EoS when a high predictive

capability is required.

Both PC-SAFT and SAFT-VR Mie EoSs are more accurate than the SRK and PR models in
density calculations of the 22 selected pure components. First, saturated-liquid densities at
temperature below 0.9 T, have been performed by the SAFT-VR Mie EoS with an average
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absolute deviation of 0.6%, while the PC-SAFT, PR and SRK models report, respectively, an
AAD of 1.4%, 6.1% and 10.2%. Secondly, single-phase densities at 15 temperatures between
253 and 523 K and pressures up to 150 MPa were correlated by using the investigated models
with different levels of agreement. Again, the SAFT-VR Mie EoS is the model that best
correlates the PTp data with an AAD of 1.2%. In order to improve the poor density
predictions from the CEoS, the Peneloux volume translation were used with the SRK and PR

models and the deviations in the density calculations were reduced by more than 70%.

Finally, the single-phase fluid densities of 57 binary systems were performed by the evaluated
models using the k;; regressed in this work. In this part of the comparative study, the SAFT-
VR Mie EoS leads to the lowest deviation in modelling the density of most of binary systems.
On average, the deviations in the P7px calculations of binary systems are AAD=2.75% for the
SAFT-like EoSs, AAD=3.5% for the CEoS+VC and AAD=6.75% for the CEoS without VC.

In summary, the VLE and densities of the investigated systems were predicted with higher
accuracy using the SAFT-VR Mie Eo0S, as it was expected. This is because of the higher
complexity and flexibility (two extra parameters) of the model in comparison with CEoS and
PC-SAFT. Although the computational time has not been evaluated quantitatively, it is
remarkable to note that modelling with the SAFT-VR Mie model requires much longer
computational time than the CEoS. Despite the differences between the SRK, PR, PC-SAFT
and SAFT-VR Mie equations of state, it can be concluded that the investigated models are
accurate enough for PVT modelling of fluids related to carbon capture. The comparison may
be completed by further studies with associative compounds (i.e. water) also related to CCS,
other associating models (for example CPA) and more thermophysical properties (c,, speed of
sound or IFT).
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Table 1. Vapour-liquid equilibrium (m) and density (o) data available in the literature for the binary
systems studied in this work.

CO, H,S N, Methane Ethane

CO,
H,S mO
o N mO O
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Table 2. Average absolute deviations (Y0AAD) in predictions (k;=0) and calculations (using regressed kj’s)
of bubble pressures (AP***") and vapour phase compositions (Ay;) of CO, + Comp2 binary systems with

the SRK, PR, PC-SAFT and SAFT-VR Mie EoS.

Compz  Trnge SRK PR PCSAFT SAFT-VR Mie
[K] ki AP Ay, ki AP Ay ki AP Ay ki AP Ay,
cH 143 0 1349 3.88 0 1335 399 0 1022 326 0 276 3.1
4 301 00956 283 212 00951 241 183 00856 382 241 00042 228 282
c 207 0 1539  6.42 0 1576 6.36 0 1461 6.88 0 1322 756
2 298 01359 324 219 01278 319 227 00650 293 274 00537 212 232
c 210 0 1566 6.14 0 1544 5098 0 1568 7.03 0 1535 6.61
s 366 01388 328 1.06 01318 327 109 00724 307 061 00674 230 0.58
nCe 227 0 14.76  4.66 0 1457 473 0 1483 6.2 0 1262 7.03
418 01392 341 131 01351 295 133 00620 326 101 00531 181 094
ic, 250 0 13.88 4.88 0 1374 482 0 1279 463 0 1145 471
398 0131 374 184 01256 348 191 00646 338 177 0.0549 313 1.80
nCe 252 0 1243 391 0 1247 396 0 11.74  3.40 0 1086 371
463 01292 505 195 01252 469 182 00665 431 118 00556 4.02 122
ic, 253 0 16 378 0 1604 3.69 0 1464 3.09 0 1395 3.14
453 04221 391 177 01158 363 178 00649 35 165 00550 3.37 170
0Ce 238 0 1573 271 0 1562 263 0 16.95 297 0 1621 3.04
393 01294 461 099 01212 440 104 00711 371 082 00669 388 0092
nc, 238 0 173 321 0 1744 308 0 1584 3.13 0 1560 3.18
501 01103 5 170 0.1035 506 181 00538 589 177 0.0483 526 157
0Cy 238 0 1554 175 0 1550 172 0 1504 179 0 1479 185
531 0123 605 130 01163 612 125 00704 626 125 0.0638 547 1.24
0Cy 315 0 2005 1.11 0 1921 103 0 17.74 153 0 1742 146
418 01086 272 057 00958 258 050 0.0580 263 0.55 00502 255 058
1Cu 277 0 1961 251 0 1895 243 0 16.63 3.76 0 1592 3.13
583 01089 494 0.89 00987 415 083 00631 433 089 00568 208 111

"Cu, 313 0 1067 - 0 1075 - 0 781 - 0 796 -
417 00970 169 - 00905 127 - 00662 089 - 00594 103 -

"Cus 290 0 129 - 0 1432 - 0 1496 - 0 1545 -
373 00993 178 - 00944 159 - 00697 334 - 00633 342 -

1Cus 283 0 1652 - 0 1587 - 0 1650 - 0 17.76 -
573 01016 435 - 00989 446 - 00605 521 - 00588 540 -

1Cug 323 0 1673 - 0 1457 - 0 1710 - 0 1943 -
673 00859 731 - 00683 772 - 00589 736 -  0.0419 755 -

1Cao 300 0 209 - 0 2119 - 0 1633 - 0 2219 -
573 00987 577 - 00908 586 - 00640 417 - 0.0504 527 -

"Cax 353 0 1121 - 0 988 - 0 1582 - 0 1878 -
573 00622 536 - 00560 620 @ - 0059 506 - 00244 660 -

"Cay 335 0 1037 - 0 1192 - 0 1960 - 0 1093 -
573 00198 579 - 00161 604 - 00427 514 - 00248 537 -
HS 224 0 1231 491 0 1295 4.96 0 1413 536 0 1386 5.23
2 366 0.0984 146 1.09 00966 144 146 00618 168 095 0.0621 112 1.89
N 218 0 550 3.56 0 386 292 0 6.02 227 0 2235 8.28
2 301 00245 288 3.63 -00192 305 310 -0.0079 489 191 -0.1083 6.31 2.85
o 218 0 2178 1109 0 2282 1211 0 2080 1109 0 1921 10.02
2 298 01072 554 404 01188 631 369 00475 763 647 -0.0291 501 3.68
Ar 233 0 23.03 7.85 0 1753 7.88 0 15.80 8.06 0 1417 8.12
299 0123 58 431 01211 68 293 00213 551 396 -0.0163 6.25 2.66

50, 313 0 1198 - 0 1288 - 0 17.00 - 0 619 -
403 00676 546 - 00671 555 @ - 00424 785 - 00078 4.83 -
co 223 0 1229 391 0 1028 283 0 965 5.9 0 8.03 4.95
283 00710 550 505 -0.0573 570 438 -0.0103 689 485 -0.0078 6.18 549
Benzene 273 0 20.25 1.77 0 2150 185 0 2782 3.75 0 2166 1.80
413 00987 7.07 120 0.992 623 124 00433 891 6.04 00776 7.08 187
Toluene 230 0 27.27 6.54 0 2849 657 0 4599 9.85 0 19.70 631
572 01012 656 6.00 00995 640 584 00965 1387 7.13 00481 1045 555
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Table 3. Average absolute deviations (%0AAD) in predictions (k;=0) and calculations (using regressed kj’s)
of bubble pressures (AP***") and vapour phase compositions (Ay;) of CH, + Comp2 binary systems with
the SRK, PR, PC-SAFT and SAFT-VR Mie EoS.

Compz T SRK PR PCSAFT SAFT-VR Mie
(K] ki AP Ay ki AP Ay ki AP Ay ki AP Ay,
o 143 0 1345 385 0 1340 4.00 0 1013 325 0 272 299
2 301 00956 278 210 0.0951 256 1.84 00356 3.42 239 00042 224 279
c 130 0 176 126 0 173 120 0 604 379 0 358 1.9
2 283  -0.0029 172 124 00012 167 117 00131 318 3.33 00007 3.36 194
c 90 0 4.95 1.64 0 551 1.80 0 363 089 0 384 097
s 360 00088 361 151 00149 253 152 00117 201 0.99 -00028 350 0.96
nCe 144 0 518 0.97 0 6.57 0.94 0 562 090 0 527 051
411 00111 441 085 00190 424 075 -0.0044 506 0.87 -00063 4.72 0.5
ic, 151 0 639 211 0 642 2.16 0 566 177 0 519 185
377 00239 320 178 00250 333 186 00194 284 182 00094 317 174
nCe 173 0 521 225 0 6.86 2.43 0 777 246 0 591 1.33
449 00171 235 197 00241 224 162 00099 532 196 -00116 4.41 113
ic, 344 0 643 6.77 0 6.80 7.14 0 655 6.69 0 6.05 6.32
410 -00078 539 6.65 -0.0056 630 7.01 0008 522 6.57 00058 537 6.20
0Ce 138 0 1142 0.89 0 1369 0.80 0 1246 058 0 10.83 0.65
444 00233 543 082 00302 533 071 00121 652 047 00095 539 052
nc, 183 0 1145 1.24 0 1202 117 0 949 108 0 859 0.65
511  0.0303 7.58 068 00371 7.65 064 0018 561 081 -00068 520 0.71
0Cy 223 0 1368 0.79 0 14.45 0.79 0 1187 074 0 1063 0.74
423 0.0441 409 047 0.0489 4.26 047 0.0143 4.827 041 00086 4.69 0.42
0Co 223 0 1457 044 0 16.82 0.45 0 1234 043 0 9.69 045
423 00421 314 034 0046 326 035 00141 4017 029 00083 392 0.30
1Cu 244 0 8.64 1.11 0 9.44 097 0 884 104 0 852 0.86
583  0.0358 4.42 1.03 00406 425 094 00186 3.927 0.85 -0.0284 3.90 0.89

"Cu, 323 0 1505 - 0 1559 - 0 1019 - 0 912 -
373 00223 709 - 00255 694 - 00208 5467 - -00303 509 -

1Cue 295 0 1548 - 0 1572 - 0 13717 - 0 1515 -
448 00312 347 - 00333 345 - 00223 4027 - -00340 544 -

1Cus 270 0 1465 - 0 1499 - 0 14367 - 0 1628 -
623 00423 581 - 00487 577 - 00195 4237 - -00414 580 -

1Cug 323 0 697 - 0 714 - 0 7737 - 0 813 -
448 00076 564 - -0.0088 569 - 00196 4157 - -0.0341 492 -

1Cao 313 0 1445 - 0 1461 - 0 1127 - 0 1837 -
573 -0.0281 7.40 -  -0.0303 7.6 -  0.0180 4777 - -0.0373 546 -

1Cax 318 0 2765 - 0 2769 - 0 2701 - 0 2939 -
455 00612 9.8 - 00593 1047 - 00369 520 - -0.0613 814 -

1Cay 343 0 689 - 0 659 - 0 857 - 0 19944 -
343 00200 291 - -00318 278 - 00255 2.69 - -0.0509 2.694 -
HyS 188 0 1539 5.86 0 1598 5.96 0 1402 494 0 13.67 5.41
367 00769 496 234 00841 48 230 0038 463 208 00314 483 228
N 100 0 819 185 0 8.44 182 0 848 192 0 10604 3.17
2 199 0.0293 256 142 00305 238 117 00263 216 125 0.0457 357 253
Ar 105 0 6.08 8.74 0 569 8.48 0 804 914 0 468 8.85
178 0.0277 232 536 00268 260 449 00263 592 671 -0.0063 3.27 590
50, 241 0 5082 7.12 0 54.89 8.46 0 3045 613 0 582 1.95
301 01282 574 077 01366 516 079 0058 865 3.21 00026 529 1.73
co 105 0 571 3.82 0 6.08 4.19 0 923 454 0 549 6.34
186  0.0211 235 376 00232 233 344 00318 386 425 00083 3.09 441
Benzene 270 0 9.34 4.45 0 1295 4.14 0 1457 299 0 9.09 3.09
501 00284 535 415 00409 537 367 00160 850 3.0 -00249 500 3.33
Toluene 2383 0 2162 518 0 2516 5.28 0 1757 563 0 2141 172

543 0.0511 884 461 00590 965 437 0.0344 845 419 -0.0435 882 261
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Table 4. Average absolute deviations (%0AAD) in predictions (k;=0) and calculations (using regressed kj’s)
of bubble pressures (AP"*) and vapour phase compositions (Ay;) of C,Hs + Comp2 binary systems with
the SRK, PR, PC-SAFT and SAFT-VR Mie EoS.

T SRK PR PCSAFT SAFT-VR Mie
Comp2 range
(K] i AP Ay; Ky AP Ay ki AP Ay, ki AP Ay,

207 0 1531 6.39 0 1575 6.35 0 1461 6.88 0 13.22 7.56

€0 298 0.1359 316 216 0.1278 318 226 00650 293 274 0.0537 212 232
c 130 0 1.73 1.26 0 167 117 0 6.13 381 0 362 201
! 283 -0.0029 169 124 0.0012 154 114 0.0121 328 335 0.0007 340 1.96
C 127 0 409 264 0 265 276 0 334 3.01 0 264 271
3 370 -0.0059 2.65 2.80 -0.0055 252 278 -0.0046 3.04 276 -0.0018 250 2.72
nCs 235 0 8.29 196 0 339 197 0 3.63 1.96 0 333  3.07
416  0.0077 422 206 0.0079 294 218 -0.0064 327 198 -0.0049 298 276
iC, 203 0 3.61 5.62 0 287 559 0 237 3.23 0 271 3.03
394 -0.0079 295 5.00 -0.0065 232 527 -0.0010 219 3.16 -0.0038 3.02 3.13
nCs 278 0 270 279 0 3.00 263 0 293 261 0 287 253
450 0.0086 2.24 252 0.0094 216 238 -0.0049 218 193 -0.0036 210 1.88
nCs 298 0 6.40 3.35 0 6.31 3.33 0 747 3.85 0 9.74 3.43
450 -0.0091 5.65 3.39 -0.0062 555 337 -0.0108 562 3.13 -0.0183 534 256
nC, 235 0 267 1.01 0 276 124 0 318 111 0 470 115
500 0.0058 2.69 099 0.0065 258 1.18 0.0035 2.89 095 -0.0158 255 0.74
nCs 273 0 476 0.59 0 540 0.56 0 3.65 0.63 0 231 0.62
373 -0.0170 1.88 0.60 -0.0184 178 0.59 -0.0041 284 0.60 -0.0016 1.92 0.62
nCy 277 0 3.96 0.96 0 388 111 0 9.61 1.90 0 8.17 114
511 0.0159 336 092 0.0143 327 108 0.0213 332 101 -0.0134 316 0.92
nCyy 298 0 441 - 0 4.50 - 0 17.26 - 0 19.67 -
373 0.0058 3.87 - 0.0059 3.91 - 0.0176  3.90 - -0.0228 3.74 -
NCy 323 0 2.29 - 0 2.14 - 0 15.20 - 0 13.33 -
423 0.0044 1.98 - 0.0025 1.99 - 0.0228 231 - -0.0182  1.89 -
nCys 262 0 5.76 - 0 .77 - 0 18.65 - 0 20.66 -
514 0.0059 5.50 - 0.0049 7.35 - 0.0194 547 - -0.0275 5.28 -
o 323 0 4.43 - 0 4.97 - 0 16.84 - 0 35.94 -
423 0.0010 4.40 - 0.0052 4.63 - 0.0243  3.29 - -0.0361  3.39 -
NCap 308 0 9.11 - 0 1016 - 0 13.36 - 0 36.15 -
572 -0.0164 7.87 - -0.0200 7.90 - 0.0137 542 - -0.0478  3.29 -
nCy, 300 0 1276 - 0 1321 - 0 11.69 - 0 29.63 -
368 -0.0313 5.75 - -0.0337 5.73 - -0.0068  7.26 - -0.0626  8.86 -
H.S 188 0 14.67 5.90 0 1472 6.13 0 1450 5.92 0 13.97 4.78
2 358 0.0871 4.73 3.27 0.0838 4.76 3.23 00645 449 3.67 0.0506 472 3.84
N 110 0 7.08 11.20 0 8.71 11.74 0 8.48 9.78 0 329 945
2 297 0.0345 3.10 817 0.038 349 6.49 0.0412 331 6.07 0.0086 315 6.95
Ar 103 0 23.73 44.65 0 25.41 68.07 0 20.38 44.77 0 16.07 37.76
116 0.0512 4.67 1233 0.0547 431 27.82 0.0304 199 1863 0.0253 5.04 16.77
co 100 0 6.82 3254 0 8.05 28.04 0 13.36  36.39 0 10.61 33.52
248 0.0063 6.63 31.84 0.0178 6.44 2517 0.0124 935 30.26 0.0086 6.67 26.36
Benzene 273 0 6.94 296 0 832 298 0 9.78 5.5 0 385 1.88
553 0.0423 360 259 0.0321 2.08 222 0.0198 244 226 -0.0011 3.84 1.87
Toluene 373 0 755 3.67 0 8.35 3.46 0 8.73 3.78 0 8.01 261

473  0.0088 6.92 346 00292 770 273 -0.0007 733 331 -0.0109 569 3.46
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Table 5. Average absolute deviations (%AAD) in predictions (k;=0) and calculations (using regressed
ki’s) of bubble pressures (AP**™) and vapour phase compositions (Ay;) of N, + Comp2 binary systems
with the SRK, PR, PC-SAFT and SAFT-VR Mie EoS.

Compz  Trane SRK PR PCSAFT SAFT-VR Mie
(K] i AP Ay ki AP Ay, ki AP Ay, ki AP Ay,
o 218 0 547  3.56 0 386 292 0 602 227 0 2226 828
2 301 -0.0245 286 363 -00192 305 310 -0.0079 489 191 -0.1083 622 2.85
c 100 0 8.16 1.85 0 838  1.80 0 857 19 0 1055 3.19
! 199 00293 253 142 00305 232 115 00263 225 127 00457 352 255
c 110 0 708 1120 0 871 1174 0 848 9.78 0 321 945
2 297 00345 310 817 0038 349 649 00412 331 607 0008 3.06 6.95
c 114 0 1361 3.62 0 1403 357 0 1318 368 0 1229 412
: 33 00766 7.88 1.36 00790 7.76 129 00588 7.59 111 00205 753 227
0, 239 0 16.41 3.54 0 16.65  3.49 0 1726 3.8 0 1625 486
421 00858 7.05 298 00813 684 275 00657 7.90 276 -0.0093 9.40 3.10
ic, 120 0 1722 387 0 18.76  4.08 0 1692 436 0 1004 6.45
394 00956 619 196 00971 610 193 0069 609 1.89 00197 579 6.56
nCe 277 0 1485 251 0 1643  2.87 0 1850 3.43 0 1262 290
447 00912 594 133 0094 592 126 00650 6.35 1.87 -0.0074 6.13 1.85
ic, 277 0 1560 3.06 0 17.14 324 0 2109 588 0 1999 6.02
377 00944 576 194 00967 562 191 00706 558 206 00132 7.85 217
0Ce 233 0 2350 1.54 0 26.36 134 0 2860 224 0 821 1.93
498 0118 836 173 01295 721 135 00894 683 158 -0.0125 534 1.00
nC, 251 0 2522 4.86 0 2580 5.33 0 2269 598 0 1165 513
523 01311 847 271 0135 7.92 259 00841 689 232 -0.0150 6.97 2.10
0Ce 233 0 27.09 5.0 0 2736 525 0 2563 6.8 0 2564 6.24
543 01893 537 374 01888 524 3.27 00893 530 485 -00186 746 461
0Cy 261 0 23.39  4.01 0 2563 2.82 0 2906 3.86 0 792 425
543 01829 761 500 0.1854 607 3.76 0.1344 648 374 -0.01455 4.96 4.09
1Cu 263 0 1821 0.8 0 2179 0.9 0 3015 0.22 0 2933 042
563 01006 492 017 01118 466 0.6 01034 578 026 -0.0497 421 044

1Cyy 298 0 1868 - 0 1920 - 0 3105 - 0 2499 -
593 02106 524 - 0196  3.59 - 01103 561 -  -0.0597 4.61 -

1Cue 298 0 36.04 - 0 3821 - 0 4146 - 0 1356 -
434 02079 873 - 01975 892 - 01543 814 -  -00209 683 -

1Cas 298 0 3866 - 0 3942 - 0 4106 - 0 3031 -
703 02056 720 - 0.2002 7.45 - 01382 913 -  -0083 807 -

1Cao 323 0 2658 - 0 27187 - 0 3307 - 0 3144 -
423 02226 399 - 02051 453 - 01634 764 -  -00967 832 -
s 200 0 3456 1190 0 3755 1425 0 3172 1218 0 2414 10.88
2 344 01565 785 322 01738 549 280 01294 548 3.97 00708 528 297
o 100 0 4.46  2.68 0 421 220 0 361 186 0 3.65 3.09
2 136 -0.0142 243 127 -00129 223 093 -00122 291 110 00025 180 228
Ar 100 0 253 1.10 0 232 0.89 0 196 1.87 0 356 2.86
134 00079 171 055 -0.0073 149 048 00028 174 176 -0.004 326 2.80
50, 241 0 14.95 9.9 0 1814 1147 0 1223 1267 0 1178 1507
413 01156 595 6.34 01305 548 575 00237 690 6.33 00104 7.14 6.66
co 100 0 158 1090 0 161 1082 0 227 1175 0 232 1142
122 00059 177 1115 00058 1.60 11.06 00064 197 10.86 0.0032 1.94 10.75
Benzene 288 0 36.63 0.73 0 4300 062 0 4404 079 0 2616 055
398 01721 636 109 01721 767 082 01302 636 1.09 00499 11.88 0.38
Toluene 313 0 1239 9.25 0 1434 1026 0 1239 9.5 0 1141 483
548 0632 1037 749 01785 979 7.39 0.0965 1137 749 00113 895 450
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Table 6. Average absolute deviations (Y0AAD) in predictions (k;=0) and calculations (using regressed kj’s)
of bubble pressures (AP""®) and vapour phase compositions (Ay;) of H,S + Comp2 binary systems with
the SRK, PR, PC-SAFT and SAFT-VR Mie EoS.

Compz  Trane SRK PR PCSAFT SAFT-VR Mie
(K] ki AP Ay, ki AP Ay ki AP Ay, ki AP Ay,
o 218 0 1223 488 0 1294 495 0 1413 536 0 1386 5.23
2 301 00984 138 106 00966 143 135 00618 168 095 00621 112 1.89
CH, 100 0 1536 586 0 1592 5094 0 1403  4.96 0 1371 543
199 00769 4.93 234 00841 476 228 0038 464 210 00314 487 230
c 110 0 1467 590 0 1472 613 0 1442 592 0 1397 4.78
2 297 0.0871 473 3.27 0.0838 476 323 00620 441 367 00506 472 3.84
c 114 0 1567 473 0 1580 4.69 0 1507 4.53 0 1254 461
: 353 0.0866 4.49 198 0.0819 455 202 00576 470 177 00524 323 210
0, 239 0 1620 461 0 1607 472 0 1408 4.59 0 1138 4.36
421 01046 252 205 00891 255 209 00538 223 183 00504 210 252
ic 120 0 8.86 3.13 0 8.77 3.04 0 8.62 294 0 9.11  3.49
¢ 394 00631 239 184 00625 242 186 00513 227 181 00348 233 202
nCe 277 0 1383 428 0 1361 432 0 1329 4.6 0 1454 479
447 00700 374 2.86 00654 350 293 00464 2.85 258 00455 3.10 3.13
ic, 277 0 9.74  4.23 0 983 4.10 0 9.68 4.17 0 9.67  4.36
377 00763 423 213 00708 427 219 00480 386 194 00459 400 207
0Ce 233 0 1240 176 0 1158 171 0 1173 1.60 0 1077 159
498 0.0690 220 0.9 00575 209 083 00407 2.88 057 0038 235 0.76
nC, 251 0 1631 220 0 1596 205 0 1423 164 0 1450 195
523 00736 584 138 0.0641 540 143 00482 528 121 00440 541 135
C 233 0 1645 1.39 0 1347 117 0 9.30 1.20 0 347 127
® 543 0.0517 249 089 0.0402 218 080 00193 412 076 00082 203 0.89
1Cu 261 0 1585 022 0 1314 032 0 1853  0.39 0 1959 045
543 0.0496 530 025 0.0371 553 037 00390 479 022 00557 429 0.14

0Coy 263 0 528 - 0 4771 - 0 2475 - 0 2092 -
563 0.0244 413 - 00106 415 - 00358 676 - 00446 613 -

1Ces 298 0 845 - 0 831 - 0 1466 - 0 1506 -
593 0.0097 7.86 - -0.0094 7.92 - 00323 332 - 00376 163 -

1Cao 298 0 1047 - 0 1331 - 0 2805 - 0 1836 -
434 00201 547 - -00373 58 - 00712 614 - 00429 578 -
N 200 0 3456 1190 0 3755 14.25 0 3172 1218 0 2414 1088
2 344 01565 7.85 322 01738 549 280 01294 548 397 00708 528 297
co 100 0 2451 2550 0  30.03 36.62 0 1857 3296 0  19.36 20.29
136 0.0664 8.80 11.36 0.0825 9.16 1265 007648 871 1585 00258 501 9.53
Benzene 288 0 293 058 0 281 0.33 0 985 1.02 0 346 0.30
398 00038 238 045 00041 213 022 00107 7.06 111 00042 311 050
Toluene 313 0 447 159 0 415 163 0 1025 0.9 0 701 167

548 0.0047 439 150 0.0032 411 157 00121 7.60 1.00 0.0080 6.46 1.37
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Table 7. Summary of the average absolute deviations (%6AAD) in bubble pressures (AP***) and vapour
phase compositions (Ay,) predicted (k;=0) and calculated (k;#0) by the SRK, PR, PC-SAFT and SAFT-VR
Mie EoS.

SRK PR PC-SAFT SAFT-VR Mie
Compl Comp2 AP Ay, AP Ay, AP Ay, AP Ay,
Gases kj=0 1492 660 1347 6.43 1385 675 1399 7.84
kiZ0 504 426 549 3.52 6.55 430 572 367
Alkanes kj=0 1435 356  14.27 353 1424 379 1364 383
co kijz0 390 134 384 1.35 381 126 353 134
2 Aromatics  Ki=0 2376 416 2499 421 3690 680 2068 4.0
kj#0 682 360  6.32 354 1139 658 877 371
Average kj=0 1513 423 1489 418 1579 468 1421 466
kijz0 432 215 431 2.00 484 240 429 204
Gases kj=0 1685 507  17.70 539 1326 499 586  4.66
kijz0 315 268  3.01 2.35 480 356 349 347
Alkanes kj=0 1005 1.62  10.67 1.65 9.64 170 1024 136
CH kij#0 461 144 460 1.42 416 153 448 1.8
4 Aromatics  Ki=0 1548 481 1906 471 1607 431 1525 240
kjz0 709 438 751 4.02 848 365 691 297
Average ki=0 1191  3.02  12.79 311 1095 295 993 249
kiz0 454 209 453 1.96 462 228 449 205
Gases kj=0 1352 2013 1453 2407 1427 2075 11.43 18.61
kijZ0 446 1155  4.44 1299 442 1227 434 1125
Alkanes kj=0 481 202 467 2.04 846 221 1222 197
CH kiZ0 354 195 351 2.00 352 189 334 173
2 Aromatics <=0 725 331 833 3.22 9.26 447 593 225
kiZ0 526  3.03  4.89 2.47 488 278  AT7 266
Average kji=0 692 750 7.3 8.66 979 793 1150  6.90
kiZ0 389 490  3.83 5.29 383 505 368 464
Gases ki=0 12.88 6.69  13.65 7.09 1298 710 1416 860
kjZ0 379 436 341 4.02 450 432 485 472
Alkanes kj=0 19.43 349  20.69 352 2275 391 1577 423
N ki#0 579 250 551 2.15 593 229 589 290
2 Aromatics  Ki=0 2451 499 2867 544 2821 502 1879 269
kjZ0 836 429 873 4.10 8.86 429 1041 244
Average kj=0 17.72 454 1907 472 2004 493 1493 533
kj#0 551 320 522 2.87 570 306 586 337
Gases kj=0 2377 1409 2684 1861 2147 1683 1912 1213
kijZ0 601 521 536 5.60 529 692 380  4.80
Alkanes kj=0 1197 319  11.68 318 1403 301 1251 3.09
S kiz0 402 164  4.00 1.67 388 154 346 176
2 Aromatics  Ki=0 2953 1870 3379 2543 2515 2257 2175 1559
kj#0 832 729  7.33 7.73 710 991 515 625
Average kj=0 1291 487  13.14 5.65 1475 521 1277  4.44
k20 426 219 411 2.27 444 243 365 220
Gases ki=0 1497 1039 1556 1210 1344 1113 11.06 10.25
kjZ0 438 576  4.27 5.97 508 652 442 5091
Alkanes ki=0 1316 299 1347 299 1490 314 1394 316
overall kiZ0 476  1.93 468 1.86 460 179 448  1.90
Aromatics <=0 1494 367 1691 371 2010 432 1318 248
kiZ0 618 325  6.11 3.01 819 367 713 254
Average kj=0 1368 4.92  14.19 536 1510 529 1331 485
kiZ0 482  3.05 473 3.03 503 321 471 298

23



Table 8. Average absolute binary interaction parameters and average sensitivities in the VLE calculations.

SRK PR PC-SAFT  SAFT-VR Mie
| Bl P| 00680  0.0677 0.0445 0.0313
Sensitivity in AP (%) 137.4 140 270.2 294.7
Sensitivity in Ay, (%) 245 28.7 52.1 76.9
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Table 9. Critical properties of CO, predicted with PC-SAFT and SAFT-VR Mie and comparison with

experimental data.

Critical
property

Exp PC-SAFT SAFT-VR Mie
[44] ~ value %AAD Value %AAD

TJK
P/MPa

pe/kgm’

304.1 309.4 1.73 307.2 0.99
7.38 7.92 7.32 7.81 5.43
467.6 4825 3.19 473.1 1.18

25



Table 10. Average (AAD%) and maximum (MAD%b) absolute deviations in correlated single-phase fluid
density by the SRK, SRK + VC, PR, PR + VC, PC-SAFT and SAFT-VR Mie models within 253-523K and
0-150MPa.

SRK PR .
without VC with VC without VC with VC PC-SAFT SAFT-VR Mie
Components AAD% MAD% AAD% MAD% AAD% MAD% AAD% MAD% AAD% MAD% AAD% MAD%
C; 1.28 6.08 1.26 6.17 7.09 1190 0.92 3.79 1.45 2.48 0.95 1.94
C, 237 1513 171 1590 782 1164 254 1072 1.98 4.05 0.41 6.26
Cs 419 2017 233 1806 754 1242 3.07 1440 188 1377 0.3 6.69
iCy 442 21.08 228 1890 6.73 1341 226 1512 1.15 8.64 0.71 8.26
nC, 566 1559 212 1630 637 1046 215 1172 171 5.70 0.95 6.85
iCs 590 1897 200 1986 548 1267 192 1286 1.68 9.80 0.83 13.19
nCs 785 2061 218 2079 473 1460 217 1547 136 1531 096 14.02
nCg 974 2253 217 2091 450 1509 222 1580 176 1430 114 1237
nC, 1166 2094 214 1652 481 1197 216 1239 1.93 8.31 1.38 9.80
nCg 1382 2185 216 1311 547 1405 2.18 9.14 2.10 7.86 153 10.74
nCqy 1595 2402 220 1037 716 16.63 2.15 7.57 2.45 8.19 1.66 9.31
nCyg 1768 2572 2.25 9.68 930 1874 219 6.83 2.38 8.68 1.61 9.57
nCi, 19.83 2796 2.37 790 1289 2138 228 5.65 2.44 9.63 1.74  10.09
CO, 2.84 8.82 183 1585 825 11.09 123 1360 0.73 8.48 1.62 5.11
N, 1.96 8.40 1.08 8.45 746 1291 1.03 4.63 1.14 4.38 0.61 2.94
0, 1.49 3.83 1.32 3.91 567 1215 0.97 2.36 1.54 3.24 0.50 2.18
Ar 1.35 3.34 1.06 4.05 6.69 12.78 0.72 1.48 1.05 2.86 1.18 2.39
Cco 2.05 3.93 111 4.82 727 1321 099 1.90 1.90 431 0.84 1.77
H,S 384 1446 234 1378 6.23 1096 2.06 1193 0.73 1289 199 10.75
SO, 801 2127 386 1705 163 1353 262 1465 199 1081 171 8.60
Benzene 915 1422 279 1213 690 1284 258 7.91 1.10 4.84 1.35 7.64
Toluene 1172 1570 2.83 1041 6.75 1157 247 8.28 0.97 2.96 1.26 8.11
Average 740 1612 2.06 1295 667 1345 195 9.46 1.61 7.80 1.16 7.66
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Table 11. Deviations in calculated density of CO, + Comp2 systems by the SRK, PR, PC-SAFT and SAFT-
VR Mie EoSs with and without volume correction (VC).

Ranges SRK PR
No PC-SAFT SAFT-Mie

Comp2 Data T [K] P [MPa] Xco2 noVC VvC no VC VvC

C, 1312 219 673 0.1 1000 0.10 0.90 3.76 2.67 4.11 2.62 3.08 2.57
C, 1607 210 477 1.7 69.0 0.17 098 7.00 6.22 8.07 6.79 6.27 5.57
Cs 1269 294 510 25 706 0.03 098 457 412 7.31 351 4.12 2.93
iCy 346 280 440 3 200.0 0.24 0.97 4.05 1.07 5.70 1.50 4.87 1.92
nC, 345 280 440 04 2000 0.01 097 3.88 2.25 5.14 1.10 2.87 2.17
nCs 358 307 323 25 350 021 099 9.73 491 5.85 5.31 2.45 1.99
nCs 176 308 313 6.3 125 0.05 098 8.17 5.10 6.74 5.39 3.18 2.83
nC; 558 220 459 0.1 555 0.02 099 8.65 5.22 7.02 5.46 3.09 2.65
nCsg 24 308 308 12.0 350 0.93 097 3091 1.63 3.33 1.95 3.80 2.43
nCy 792 283 555 0.10 120.0 0.03 094 7.86 4.00 4.43 2.17 1.46 1.23
Cu™ 40 323 344 10 6.0 0.10 0.99 12.00 5.01 12.51 2.60 1.63 1.90
Cie* 8 313 313 16 6.0 019 059 2526 1.79 1794  2.03 0.89 1.01
Cyo* 60 310 373 05 76 0.04 0.68 21.48 8.64 19.42 6.32 0.92 1.10
H,S 540 249 500 15 60.0 0.06 094 3.72 1.91 3.47 1.87 3.25 1.84
N, 2034 225 673 4.0 800.0 0.10 099 9.34 3.67 10.67 3.58 3.50 2.98
0, 230 273 383 4.0 200 085 095 537 3.92 6.16 3.84 3.14 2.28
CO 53 308 343 225 470 086 0.95 1.80 1.78 1.84 1.75 1.70 2.17
Ar 458 250 501 1 61.0 0.05 094 9.67 5.88 9.80 5.90 5.96 5.68
Toluene 360 291 423 11 671 0.12 090 8.08 5.76 7.91 6.32 8.12 7.17

* Only saturated-liquid density data
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Table 12. Deviations in calculated density of CH, + Comp2 systems by the SRK, PR, PC-SAFT and SAFT-
VR Mie EoSs with and without volume correction (VC).

Ranges SRK PR
No PC-SAFT SAFT-Mie

Comp2 Data T [K] P [MPa] XcHa noVC VC noVC VC

C, 833 100 394 0.1 358 0.10 0.92 4.9 4.09 4.98 3.81 3.42 2.60
C; 2686 100 510 0.1 689 0.01 0.97 4.9 3.44 5.17 2.88 2.19 2.04
iCy 136 100 256 0.1 165 0.18 094 586 1.75 5.68 2.96 0.76 0.64
nC, 138 100 479 0.1 31.0 0.15 095 7.80 2.05 7.07 2.12 1.83 1.66
nCs 580 310 511 2.7 345 0.03 093 6.94 2.61 7.36 2.53 2.24 2.00
nC; 827 185 510 04 698 0.10 0.75 8.16 3.85 7.92 3.96 3.70 3.53
nCy 922 293 444 0.1 140.0 0.09 0.96 7.91 3.69 7.33 3.73 3.66 3.60
Cu* 24 294 448 2.0 95 008 036 1712 6.09 1157 3.24 0.80 1.15
Cig* 24 323 448 19 87 008 036 2137 7.36 16.3 6.52 0.87 1.15
Cyo* 12 313 313 03 50 002 027 1935 1166 2794 1322 0.79 1.17
CO, 1452 219 673 0.1 100 0.02 090 3.76 2.67 411 2.62 3.08 2.57
H,S 1220 277 501 0.8 69.0 0.10 090 9.72 5.54 9.85 5.39 5.20 4.97
N, 1868 100 673 0.1 1380 0.01 099 232 1.85 2.97 1.27 2.14 0.90
CO 112 116 125 2.0 160.0 0.20 0.71 5.76 140 1214 153 1.29 1.04
Ar 259 100 423 0.1 138 0.08 0.85 0.98 1.06 1287 2.26 0.62 0.53
Toluene 392 185 373 0.1 140 0.04 0.95 5.80 3.27 5.90 3.12 1.84 1.27

* Only saturated-liquid density data
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Table 13. Deviations in calculated density of C,Hg + Comp2 systems by the SRK, PR, PC-SAFT and
SAFT-VR Mie Eo0Ss with and without volume correction (VC).

Ranges SRK PR
No PC-SAFT SAFT-Mie

Comp2 Data T [K] P [MPa] XcoHs noVC VC noVC VC

C, 833 100 394 0.1 358 0.10 0.92 4.9 4.09 4.98 3.81 3.42 2.60
C; 1462 102 400 15 346 0.01 095 7.27 431 5.13 3.66 0.80 0.64
iCs* 6 115 130 00 0.0 0.69 0.72 6.09 3.58 5.31 5.22 0.45 1.06
nC, 12 311 311 34 138 025 0.78 7.63 2.17 4.02 2.79 1.25 0.42
nCs 57 309 309 31 71 068 099 1339 9.05 1051 7.30 2.13 2.62
nC; 30 185 353 01 75 0.02 0.68 1134 1.98 8.12 131 0.92 0.89
nCy 1366 278 511 14 689 0.10 090 11.04 251 7.06 1.94 0.59 0.81
Cie* 29 313 353 4.7 104 0.88 0.99 2460 1844 1990 18.10 11.74 12.14
Cyo* 29 323 423 09 78 010 084 19.08 10.70 1356 11.43 1.74 3.02
CO;, 1607 210 477 17 69.0 0.17 098 7.00 6.22 8.07 6.79 6.27 5.57
H,S 357 254 363 16 215 0.02 0.96 6.09 3.05 5.08 3.35 293 1.96
N, 373 113 477 20 620 0.25 0.99 349 2.17 2.82 1.69 1.47 0.58
CO 5 303 343 81 106 042 048 2.93 2.19 1.00 0.98 2.29 0.87

* Only saturated-liquid density data
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Table 14. Deviations in calculated density of N, + Comp2 systems by the SRK, PR, PC-SAFT and SAFT-
VR Mie EoSs with and without volume correction (VC).

Ranges SRK PR
No PC-SAFT SAFT-Mie

Comp2 Data T [K] P [MPa] XN2 noVC VC noVC VC

C, 1868 100 673 0.1 138.0 0.01 099 232 1.85 2.97 1.27 2.14 0.90
C, 373 113 477 20 620 0.01 0.75 3.49 2.17 2.82 1.69 1.47 0.58
Cs 23 399 422 86 421 0.01 0.83 8.39 792 1235 872 7.79 6.72
nC, 493 428 478 6.0 689 0.10 0.91 4.97 2.13 5.62 1.69 3.01 1.21
nCsg 144 293 373 25.0 100.0 0.79 0.79 10.12  3.66 2.37 1.12 0.83 0.66
nCy 8 313 313 01 401 001 038 16.36 3.35 6.32 0.87 0.43 0.48
CO; 2034 225 673 4.0 800.0 0.01 0.90 9.34 367 1067 3.58 3.50 2.98
H,S 47 293 373 103 241 0.78 091 145 0.92 2.62 0.65 2.06 0.78
0, 2 100 100 01 01 0.68 0.82 331 1.10 9.53 2.02 1.81 0.98
Ar 565 100 423 2.7 800.0 0.16 0.80 1.37 1.00 3.43 0.96 1.18 0.92
CO 109 250 400 8.0 200 090 095 1.73 1.22 1.94 0.35 1.62 0.09
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Table 15. Deviations in calculated density of H,S + Comp2 systems by the SRK, PR, PC-SAFT and SAFT-
VR Mie EoSs with and without volume correction (VC).

Ranges SRK PR
No PC-SAFT SAFT-Mie

Comp2 Data T [K] P [MPa] XH2s noVC VC noVC VC

C, 1220 277 501 08 69.0 0.10 090 9.72 5.54 9.85 5.39 5.20 4.97
C, 357 254 363 16 215 0.04 0.98 6.09 3.15 5.08 3.35 2.93 1.96
Cs 135 263 363 4.354 34.7 0.27 090 9.15 6.24 7.31 6.00 8.33 5.35
nCs 520 278 511 14 689 0.25 0.80 8.24 2.94 3.67 2.49 1.61 0.64
nCyy 481 278 444 140 690 023 081 1966 365 1001 554 3.30 3.08
CO; 540 249 500 15 600 0.06 0.94 3.72 1.81 3.47 1.77 3.25 1.84
N, 47 293 373 103 241 0.09 0.22 145 0.92 2.62 0.65 2.06 0.78
Toluene 116 373 501 9 65 092 0.92 7.93 6.71 7.13 7.02 8.21 8.42
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Figure 1. Correlations of the SAFT-VR Mie molecular parameters for the series of n-alkanes.
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Figure 2. Vapour-pressure curves of nC¢ (), nC,4 (<) and nCs, (O) using the correlated SAFT-VR Mie
molecular parameters.
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Figure 3. Binary interaction parameters of n-alkanes + CO, binary system and their trend curves for the

SRK (<, dashed lines), PR (e, dotted line), PC-SAFT (A, continuous line) and SAFT-VR Mie (o, dot-
dashed line) EoS.
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Fig 4. Pressure—composition diagrams of the CO, + N, system at 218K. Experimental data (A) [45]. The
SRK (dashed lines), PR (dotted line), PC-SAFT (continuous line) and SAFT-VR Mie (dot-dashed line) EoS
with k;; =0 (a) and with regressed k;; (b).

35



P/ MPa

0 0.2 0.4 0.6 0.8 1
XcHgr YeHg

Fig 5. Pressure—composition diagram of the CH, + CO, system at 230K. Comparison between
experimental data (A) [46] and phase equilibrium calculated by SRK (dashed lines), PR (dotted line),

PC-SAFT (continuous line) and SAFT-VR Mie (dot-dashed line) EoS using regressed ki
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Fig 6. Pressure—composition diagrams of the C,Hg + Ar system at 116K. Experimental data (mw) [47]. The
SRK (dashed lines), PR (dotted line), PC-SAFT (continuous line) and SAFT-VR Mie (dot-dashed line) EoS
with k;; =0 (a) and with regressed k;; (b).
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Fig 7. Pressure—composition diagram of the N, + H,S system at 256K. Comparison between experimental
data (A) [48], the SAFT-VR Mie EoS with k;; =0 (continuous line) and with regressed k;; (dashed lines)
and the PR EoS with k;; =0 (dot-dashed line) and with regressed k;; (dotted line).
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Fig 8. Deviations in the correlated saturated liquid density by SRK (black), PR (dark gray), PC-SAFT
(light grey) and SAFT-VR Mie (white) EoS.
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Fig 9. Deviations in the calculated density of binary systems of CO,, CH,4, C;Hg, N, and H,S + Comp2 by
SRK (black), SRK+VC (diagonal grey lines), PR (dark gray), PR+VC (vertical grey lines) PC-SAFT (light
grey) and SAFT-VR Mie (white) EoS.
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Fig 10. Experimental and calculated densities of the 0.514 mole CO, + 0.486 mole H,S using SAFT-VR
Mie (continuous lines), PR+Peneloux (dashed lines) and PR (dotted lines) EoS with the regressed k;.
Symbols [49]: (<) 350K, (A) 400K, (O) 450K and (O) 500K.
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Fig 11. Experimental and calculated densities of the 0.857 mole C,Hg + 0.143 mole H,S using SAFT-VR
Mie (continuous lines), SRK+Peneloux (dashed lines) and SRK (dotted lines) EoS with the regressed ki;.
Symbols [50]: (&) 268K, (A) 283K and () 322K .
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Fig.12. Experimental and calculated densities of the 0.9101 mole CO, + 0.0899 mole N, using PC-SAFT
(continuous lines), SRK+Peneloux (dashed lines) and SRK EoS with the regressed k. Symbols [51]: (<)
300K, (A) 350K, (0) 400K and (O) 450K.
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Fig.13. Experimental and calculated densities of the 0.8 mole CH,4 + 0.2 mole N, using SRK (continuous
lines), SRK+Peneloux (doted lines), PR (dashed lines) and PR+Peneloux (dot-dashed line) EoS with the
regressed kjj. Symbols [52]: (A) 270K, () 313K and (O) 353K.
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