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Abstract 

Carbon capture and storage (CCS) is nowadays considered as one of the most promising 

methods to counterbalance the CO2 emissions from the combustion of fossil fuels, natural gas 

processing, cement manufacturing, etc. In dealing with the transport and the storage of CO2-

rich streams, design of a safe and optimum process requires the knowledge of thermophysical 

properties (especially density) of CO2-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 (EoSs) in 

modelling the Vapour-Liquid Equilibrium (VLE) and the density of binary mixtures of 

interest in the field of CCS. Two Cubic EoSs (CEoS), 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 (CO2, CH4, C2H6, N2, and H2S). 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, CO2 and CCS. 



2 

 

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 CO2 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 CO2 which can be fitted with 

carbon capture technologies; many other industrial processes also produce large amounts of 

CO2, such as cement manufacturing or natural gas treatment, where the CO2 is also emitted 

along significant amount of H2S.  

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 CO2-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 CO2-rich systems and reservoir fluids. Countless EoSs have been proposed 

and have evolved since Clapeyron [2] proposed the Ideal 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 (CEoS) [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 EoSs 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 EoS [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 CO2, CH4, C2H6, N2 and H2S with alkanes, the typical flue gases (O2, Ar, CO and 

SO2) 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 
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SAFT-VR Mie EoS [6] [20]. This study focuses on non-associating compounds. Here, a non-

associating model for H2S with the PC-SAFT and SAFT-VR Mie EoSs has been considered, 

although H2S has been described by Dufal et al. [21] using a 4C association model with 

SAFT-VR Mie. Note also that Diamantonis et al. H2S [22] found that considering H2S as an 

associating-compound is slightly less accurate using the PC-SAFT EoS for describing the 

VLE of systems such as CO2-H2S. 

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]: 

 
22 wbbvuv

Ta

bv

RT
P









 

(1) 

where R is the ideal gas constant, a and b are the parameters of the EoS calculated using the 

critical temperature (Tc) and pressure (Pc) of each component; α(T) is a function of 

temperature, acentric factor, Tc and Pc. 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 α function was used, proposed by Soave [4] for 

the SRK EoS, and that of Peng and Robinson [25] for the PR EoS. No pure component 
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parameters were adjusted. In order to extend the CEoS to multicomponent systems, the 

standard van der Waals mixing rules were used, i.e.: 

 i iibxb   (2) 

  
i j ijjiji kaaxxa 1  (3) 

where xi and xj are the composition of pure components i and j, and kij 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. 


NComp

i

c

ii

EoS VxVV  
(4) 

where V
EoS

 is the molar volume calculated by the SRK and PR EoSs and V
c
i 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 (cv 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 (Eqs. 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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SAFT-VR Mie: 
TNk

A
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A
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  (6) 

 

One of the most important differences between the SAFT-VR Mie and PC-SAFT EoSs 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. 
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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, λr and λa) that allow for a better description of 

derivative thermodynamic properties [20]. The Mie potential is given by  
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(8) 

 

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

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

and a ratio of s1/σ=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 (σ) and the segment energy (ε). For the SAFT-VR Mie EoS, besides the 

traditional SAFT parameters m, σ and ε, two extra parameters are required to describe the Mie 

potentials (λr and λa), although it is common  to fix λa 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].  
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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 (Mw) 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 Mw 

for long-chain alkanes. Thus, from a least squares analysis, m and Mw 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 Mw and the product of mσ, mε/kb and 

mλr (Eqs. 10-12). In Figure 1, these correlations are plotted together with the coefficients of 

determination (R
2
) from the least squares analysis. 

1.0324+M0.01357 Wm  
(9) 

3.2699+M0.07278= Wm  
(10) 

52.044  M 8.0315 =k Wb
m  

(11) 

4.3413 M 0.3723 Wr m  
(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 (εij) [35]. 

The conventional Berthelot-Lorentz combining rule has been used (Eq.13) [16] in the PC-

SAFT EoS, while the SAFT-VR Mie model uses a specific geometric relation defined by 

Eq.14 [20]. 

  jiijij k   1
 (13) 

  ji

ij

ji

ijij k 





3

33

1  
(14) 

 

where kij is the binary interaction parameter (BIP) and σi the segment diameter of compound i. 

The combining rule used to calculate σij is given by 

2

ji

ij





  

(15) 

 

3. Results and discussion 
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108 binary systems of 29 typical components in flue gases and reservoir fluids were 

considered in this study. The selected components are 7 gases (CO2, N2, O2, Ar, H2S, CO and 

SO2), 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 EoSs. 

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 (kij=0). BIPs are then regressed on the VLE 

data for each binary mixture. In order to do a fair comparison between EoSs, the regression 

was done by treating the kij‘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 kij‘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 kij values regressed on bubble points were used for 

predicting densities and the volume-translation concept within the framework of CEoS was 

also considered. 

 











 


N

bubble
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bubblebubble

P
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N
F

1
exp

exp

100
min  

(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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(17) 

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 nC14, nC16, nC18, 

nC24 and nC32 were studied using the correlated parameters (Figure 2). At reduced 

temperatures (Tr = T/Tc) between of 0.5< Tr <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 Tr. 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: CO2, CH4, C2H6, N2 and H2S. 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. CH4–CO2, C2H6–H2S, CO2–O2 [39]), type II (e.g. CO2–n-octane, 

CO2–n-decane [40]),  type III (e.g. CO2 + longer n-alkanes than C14 [41] or CH4–H2S [42]) 

and type V (e.g. CH4–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 CO2 binary systems are presented in Table 2. The 

experimental VLE data for 27 mixtures of CO2 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 (kij=0) and calculations 

(kij≠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 kij values. The kij values for the CO2 + 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 CO2 systems with 

the lowest %AAD to experimental data. Both CEoS models better describe the phase 

equilibrium of the mixtures of CO2 with gases (N2, O2, Ar, H2S, CO and SO2) and aromatic 

compounds (benzene and toluene); while the SAFT-based EoSs better performed for the CO2 

+ alkanes systems.  

Special mention is made in Figure 4 about the CO2 + N2 system due to the very poor 

predictions done by the CEoS and SAFT-VR Mie EoS. In the Figure 4a, it can be observed 

that the PC-SAFT EoS predicts (kij=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 EoS. 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 CH4 + Comp2 binary systems predicted by the four studied models are presented in 

Table 3, as well as the regressed kij values and model deviations in the VLE calculations. The 

SAFT-VR Mie model presents the best predictive capability (9.9% in ΔP
bubble

 against the 

12.8% of PR EoS), 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 + CO2 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 C2H6 + Comp2 systems are reported. One can observe that the 

lowest deviations between predicted (kij =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 Δy1. 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 C2H6 + 

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 N2 + H2S 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 kij values, the PR EoS describes this system slightly better than the SAFT-like 

EoS. 

Finally, the VLE results of modelling the H2S + Comp2 binary systems are reported in Table 

6. As with the previously presented CO2, 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 H2S + Comp2 systems, although better results are 

expected when modelling the H2S 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 ΔP
bubble

 and 5% in Δy1) and similar results in VLE calculations using 

the regressed BIP (approximately 4.8% in ΔP
bubble

 and 3.1% in Δy1) were obtained for all 

models. Nevertheless, in general, the SAFT-VR Mie EoS predicts (kij=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 kij=0, while the PR EoS reports 

lower deviations on the VLE calculations, when kij≠0. 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 kij around 0.068, while the SAFT-

like EoSs give smaller values, 0.045 for the PC-SAFT EoS and 0.031 for the SAFT-VR Mie 

EoS. The average kij can be an indicator of the predictive capability of the model for 

multicomponent systems. A small average kij implies that a smaller adjustment is necessary to 

tune it from the default state (kij=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 kij. The sensitivities between predicted (predic) 

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

 



N

i

ijprediccalc

bubble kPP
N

PySensitivit
1

1
 

(18) 

 



N

i

ijprediccalc kyy
N

yySensitivit
1

1

1
 

(19) 

The average sensitivities for the ΔP and Δy1, as well as the average kij, 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 EoS, 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 kij, 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 EoS. It also 

important to note that there is no linear change between ΔP and kij, 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 nC12) 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 (PTρ) 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 0.9Tr. 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 CO2, most alkanes and aromatic compounds 

than the SRK EoS, while the SRK EoS is more accurate for small molecules like CH4, N2, O2, 

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 PTρ 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 (Pc), 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 CO2. 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 (PTρ), 31928 densities of pure compounds have been obtained 

from reliable correlations and multi-component EoSs [36]. Thus, the PTρ 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 PTρ 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 EoS is the most 

accurate model for the predictions of PTρ (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 VLE analysis. 

Therefore, 26479 single phase density (PTρx) 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 CO2, CH4, C2H6, N2 and H2S 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 

PTρx 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 C2H6 + H2S and CO2 + H2S systems 

are performed using one of each group of equations in order to illustrate the usual results 

comparing the density calculations from SAFT-EoS, CEoS+VC and CEoS. 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 CO2 + nC20, CH4 + nC20 and C2H6 + nC20 

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 



15 

 

higher average deviation than the PC-SAFT model, indeed density calculations of the N2 + 

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 C2H6 and H2S + Comp2 binary systems. On the other hand, the 

SRK EoS leads to better results for the CO2, CH4 and N2 + Comp2 mixtures, as shown in 

Figure 13 for the CH4 + N2 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 EoSs. 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 kij than the CEoS. Therefore, SAFT-like EoSs have better predictive capabilities 

as smaller kij 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 Tr 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 PTρ 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 kij 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 PTρx 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 EoS, 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 (cp, speed of 

sound or IFT). 
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Table 1. Vapour-liquid equilibrium (■) and density (□) data available in the literature for the binary 

systems studied in this work. 

   CO2 H2S N2 Methane Ethane 

G
a

se
s 

CO2      
H2S ■ □ 

    
N2 ■ □ ■ □ 

   
O2 ■ □ 

 
■ □ 

  
Ar ■ □ 

 
■ □ ■ □ ■ 

SO2 ■ 
 

■ ■ 
 

CO ■ ■ ■ □ ■ □ ■ □ 
A

lk
a

n
es

 

C1 ■ □ ■ □ ■ □ 
  

C2 ■ □ ■ □ ■ □ ■ □ 
 

C3 ■ □ ■ □ ■ □ ■ □ ■ □ 

iC4 ■ □ ■ ■ ■ □ ■ □ 

nC4 ■ □ ■ ■ □ ■ □ ■ □ 

iC5 ■ ■ ■ ■ 
 

nC5 ■ □ ■ ■ ■ □ ■ □ 

nC6 ■ □ ■ ■ ■ ■ 

nC7 ■ □ ■ ■ ■ □ ■ □ 

nC8 ■ □ 
 

■ □ ■ ■ 

nC9 ■ ■ ■ ■ 
 

nC10 ■ □ ■ □ ■ ■ □ ■ □ 

nC12 ■ 
 

■ ■ ■ 

nC14 ■ □ 
 

■ ■ □ ■ 

nC15  
■ 

   
nC16 ■ □ 

 
■ ■ ■ □ 

nC18 ■ 
  

■ □ ■ 

nC20 ■ □ ■ ■ ■ □ ■ □ 

nC24 ■ 
  

■ ■ 

nC32 ■ 
  

■ 
 

A
. Benzene ■ ■ ■ ■ ■ 

Toluene ■ □ ■ □ ■ ■ □ ■ 
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Table 2. Average absolute deviations (%AAD) in predictions (kij=0) and calculations (using regressed kij’s) 

of bubble pressures (ΔP
bubble

) and vapour phase compositions (Δy1) of CO2 + Comp2 binary systems with 

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

Comp2 
Trange 

[K] 

SRK PR PCSAFT SAFT-VR Mie 

kij ΔP Δy1 kij ΔP Δy1 kij ΔP Δy1 kij ΔP Δy1 

CH4 
143 

301 

0 13.49 3.88 0 13.35 3.99 0 10.22 3.26 0 2.76 3.01 

0.0956 2.83 2.12 0.0951 2.41 1.83 0.0856 3.82 2.41 0.0042 2.28 2.82 

C2 
207 

298 

0 15.39 6.42 0 15.76 6.36 0 14.61 6.88 0 13.22 7.56 

0.1359 3.24 2.19 0.1278 3.19 2.27 0.0650 2.93 2.74 0.0537 2.12 2.32 

C3 
210 

366 

0 15.66 6.14 0 15.44 5.98 0 15.68 7.03 0 15.35 6.61 

0.1388 3.28 1.06 0.1318 3.27 1.09 0.0724 3.07 0.61 0.0674 2.30 0.58 

nC4 
227 

418 

0 14.76 4.66 0 14.57 4.73 0 14.83 6.2 0 12.62 7.03 

0.1392 3.11 1.31 0.1351 2.95 1.33 0.0620 3.26 1.01 0.0531 1.81 0.94 

iC4 
250 

398 

0 13.88 4.88 0 13.74 4.82 0 12.79 4.63 0 11.45 4.71 

0.131 3.74 1.84 0.1256 3.48 1.91 0.0646 3.38 1.77 0.0549 3.13 1.80 

nC5 
252 

463 

0 12.43 3.91 0 12.47 3.96 0 11.74 3.40 0 10.86 3.71 

0.1292 5.05 1.95 0.1252 4.69 1.82 0.0665 4.31 1.18 0.0556 4.02 1.22 

iC5 
253 

453 

0 16 3.78 0 16.04 3.69 0 14.64 3.09 0 13.95 3.14 

0.1221 3.91 1.77 0.1158 3.63 1.78 0.0649 3.5 1.65 0.0550 3.37 1.70 

nC6 
238 

393 

0 15.73 2.71 0 15.62 2.63 0 16.95 2.97 0 16.21 3.04 

0.1294 4.61 0.99 0.1212 4.40 1.04 0.0711 3.71 0.82 0.0669 3.88 0.92 

nC7 
238 

501 

0 17.3 3.21 0 17.44 3.08 0 15.84 3.13 0 15.60 3.18 

0.1103 5 1.70 0.1035 5.06 1.81 0.0538 5.89 1.77 0.0483 5.26 1.57 

nC8 
238 

531 

0 15.54 1.75 0 15.50 1.72 0 15.04 1.79 0 14.79 1.85 

0.1236 6.05 1.30 0.1163 6.12 1.25 0.0704 6.26 1.25 0.0638 5.47 1.24 

nC9 
315 

418 

0 20.05 1.11 0 19.21 1.03 0 17.74 1.53 0 17.42 1.46 

0.1086 2.72 0.57 0.0958 2.58 0.50 0.0580 2.63 0.55 0.0502 2.55 0.58 

nC10 
277 

583 

0 19.61 2.51 0 18.95 2.43 0 16.63 3.76 0 15.92 3.13 

0.1089 4.94 0.89 0.0987 4.15 0.83 0.0631 4.33 0.89 0.0568 2.08 1.11 

nC12 
313 

417 

0 10.67 - 0 10.75 - 0 7.81 - 0 7.96 - 

0.0970 1.69 - 0.0905 1.27 - 0.0662 0.89 - 0.0594 1.03 - 

nC14 
290 

373 

0 12.9 - 0 14.32 - 0 14.96 - 0 15.45 - 

0.0993 1.78 - 0.0944 1.59 - 0.0697 3.34 - 0.0633 3.42 - 

nC16 
283 

573 

0 16.52 - 0 15.87 - 0 16.50 - 0 17.76 - 

0.1016 4.35 - 0.0989 4.46 - 0.0605 5.21 - 0.0588 5.40 - 

nC18 
323 

673 

0 16.73 - 0 14.57 - 0 17.10 - 0 19.43 - 

0.0859 7.31 - 0.0683 7.72 - 0.0589 7.36 - 0.0419 7.55 - 

nC20 
300 

573 

0 20.9 - 0 21.19 - 0 16.33 - 0 22.19 - 

0.0987 5.77 - 0.0908 5.86 - 0.0640 4.17 - 0.0504 5.27 - 

nC24 
353 

573 

0 11.21 - 0 9.88 - 0 15.82 - 0 18.78 - 

0.0622 5.36 - 0.0560 6.20 - 0.0596 5.06 - 0.0244 6.60 - 

nC32 
335 

573 

0 10.37 - 0 11.92 - 0 19.60 - 0 10.93 - 

0.0198 5.79 - 0.0161 6.04 - 0.0427 5.14 - 0.0248 5.37 - 

H2S 
224 

366 

0 12.31 4.91 0 12.95 4.96 0 14.13 5.36 0 13.86 5.23 

0.0984 1.46 1.09 0.0966 1.44 1.46 0.0618 1.68 0.95 0.0621 1.12 1.89 

N2 
218 

301 

0 5.50 3.56 0 3.86 2.92 0 6.02 2.27 0 22.35 8.28 

-0.0245 2.88 3.63 -0.0192 3.05 3.10 -0.0079 4.89 1.91 -0.1083 6.31 2.85 

O2 
218 

298 

0 21.78 11.09 0 22.82 12.11 0 20.80 11.09 0 19.21 10.02 

0.1072 5.54 4.04 0.1188 6.31 3.69 0.0475 7.63 6.47 -0.0291 5.01 3.68 

Ar 
233 

299 

0 23.03 7.85 0 17.53 7.88 0 15.80 8.06 0 14.17 8.12 

0.123 5.82 4.31 0.1211 6.86 2.93 0.0213 5.51 3.96 -0.0163 6.25 2.66 

SO2 
313 

403 

0 11.98 - 0 12.88 - 0 17.00 - 0 6.19 - 

0.0676 5.46 - 0.0671 5.55 - 0.0424 7.85 - 0.0078 4.83 - 

CO 
223 

283 

0 12.29 3.91 0 10.28 2.83 0 9.65 5.59 0 8.03 4.95 

-0.0710 5.50 5.05 -0.0573 5.70 4.38 -0.0103 6.89 4.85 -0.0078 6.18 5.49 

Benzene 
273 

413 

0 20.25 1.77 0 21.50 1.85 0 27.82 3.75 0 21.66 1.80 

0.0987 7.07 1.20 0.0992 6.23 1.24 0.0433 8.91 6.04 0.0776 7.08 1.87 

Toluene 
230 

572 

0 27.27 6.54 0 28.49 6.57 0 45.99 9.85 0 19.70 6.31 

0.1012 6.56 6.00 0.0995 6.40 5.84 0.0965 13.87 7.13 0.0481 10.45 5.55 
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Table 3. Average absolute deviations (%AAD) in predictions (kij=0) and calculations (using regressed kij’s) 

of bubble pressures (ΔP
bubble

) and vapour phase compositions (Δy1) of CH4 + Comp2 binary systems with 

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

Comp2 
Trange 

[K] 

SRK PR PCSAFT SAFT-VR Mie 

kij ΔP Δy1 kij ΔP Δy1 kij ΔP Δy1 kij ΔP Δy1 

CO2 
143 

301 

0 13.45 3.85 0 13.40 4.00 0 10.13 3.25 0 2.72 2.99 

0.0956 2.78 2.10 0.0951 2.56 1.84 0.0356 3.42 2.39 0.0042 2.24 2.79 

C2 
130 

283 

0 1.76 1.26 0 1.73 1.20 0 6.04 3.79 0 3.58 1.99 

-0.0029 1.72 1.24 0.0012 1.67 1.17 0.0131 3.18 3.33 0.0007 3.36 1.94 

C3 
90 

360 

0 4.95 1.64 0 5.51 1.80 0 3.63 0.89 0 3.84 0.97 

0.0088 3.61 1.51 0.0149 2.53 1.52 0.0117 2.01 0.99 -0.0028 3.50 0.96 

nC4 
144 

411 

0 5.18 0.97 0 6.57 0.94 0 5.62 0.90 0 5.27 0.51 

0.0111 4.41 0.85 0.0190 4.24 0.75 -0.0044 5.06 0.87 -0.0063 4.72 0.55 

iC4 
151 

377 

0 6.39 2.11 0 6.42 2.16 0 5.66 1.77 0 5.19 1.85 

0.0239 3.20 1.78 0.0250 3.33 1.86 0.0194 2.84 1.82 0.0094 3.17 1.74 

nC5 
173 

449 

0 5.21 2.25 0 6.86 2.43 0 7.77 2.46 0 5.91 1.33 

0.0171 2.35 1.97 0.0241 2.24 1.62 0.0099 5.32 1.96 -0.0116 4.41 1.13 

iC5 
344 

410 

0 6.43 6.77 0 6.80 7.14 0 6.55 6.69 0 6.05 6.32 

-0.0078 5.39 6.65 -0.0056 6.30 7.01 0.0089 5.22 6.57 0.0058 5.37 6.20 

nC6 
138 

444 

0 11.42 0.89 0 13.69 0.80 0 12.46 0.58 0 10.83 0.65 

0.0233 5.43 0.82 0.0302 5.33 0.71 0.0121 6.52 0.47 0.0095 5.39 0.52 

nC7 
183 

511 

0 11.45 1.24 0 12.02 1.17 0 9.49 1.08 0 8.59 0.65 

0.0303 7.58 0.68 0.0371 7.65 0.64 0.0184 5.61 0.81 -0.0068 5.20 0.71 

nC8 
223 

423 

0 13.68 0.79 0 14.45 0.79 0 11.87 0.74 0 10.63 0.74 

0.0441 4.09 0.47 0.0489 4.26 0.47 0.0143 4.827 0.41 0.0086 4.69 0.42 

nC9 
223 

423 

0 14.57 0.44 0 16.82 0.45 0 12.34 0.43 0 9.69 0.45 

0.0421 3.14 0.34 0.046 3.26 0.35 0.0141 4.017 0.29 0.0083 3.92 0.30 

nC10 
244 

583 

0 8.64 1.11 0 9.44 0.97 0 8.84 1.04 0 8.52 0.86 

0.0358 4.42 1.03 0.0406 4.25 0.94 0.0186 3.927 0.85 -0.0284 3.90 0.89 

nC12 
323 

373 

0 15.05 - 0 15.59 - 0 10.19 - 0 9.12 - 

0.0223 7.09 - 0.0255 6.94 - 0.0208 5.467 - -0.0303 5.09 - 

nC14 
295 

448 

0 15.48 - 0 15.72 - 0 13.717 - 0 15.15 - 

0.0312 3.47 - 0.0333 3.45 - 0.0223 4.027 - -0.0340 5.44 - 

nC16 
270 

623 

0 14.65 - 0 14.99 - 0 14.367 - 0 16.28 - 

0.0423 5.81 - 0.0487 5.77 - 0.0195 4.237 - -0.0414 5.80 - 

nC18 
323 

448 

0 6.97 - 0 7.14 - 0 7.737 - 0 8.13 - 

-0.0076 5.64 - -0.0088 5.69 - 0.0196 4.157 - -0.0341 4.92 - 

nC20 
313 

573 

0 14.45 - 0 14.61 - 0 11.27 - 0 18.37 - 

-0.0281 7.40 - -0.0303 7.16 - 0.0180 4.777 - -0.0373 5.46 - 

nC24 
318 

455 

0 27.65 - 0 27.69 - 0 27.01 - 0 29.39 - 

0.0612 9.86 - 0.0593 10.47 - 0.0369 5.20 - -0.0613 8.14 - 

nC32 
343 

343 

0 6.89 - 0 6.59 - 0 8.57 - 0 19.944 - 

-0.0290 2.91 - -0.0318 2.78 - 0.0255 2.69 - -0.0509 2.694 - 

H2S 
188 

367 

0 15.39 5.86 0 15.98 5.96 0 14.02 4.94 0 13.67 5.41 

0.0769 4.96 2.34 0.0841 4.82 2.30 0.0386 4.63 2.08 0.0314 4.83 2.28 

N2 
100 

199 

0 8.19 1.85 0 8.44 1.82 0 8.48 1.92 0 10.604 3.17 

0.0293 2.56 1.42 0.0305 2.38 1.17 0.0263 2.16 1.25 0.0457 3.57 2.53 

Ar 
105 

178 

0 6.08 8.74 0 5.69 8.48 0 8.04 9.14 0 4.68 8.85 

0.0277 2.32 5.36 0.0268 2.60 4.49 0.0263 5.92 6.71 -0.0063 3.27 5.90 

SO2 
241 

301 

0 50.82 7.12 0 54.89 8.46 0 30.45 6.13 0 5.82 1.95 

0.1282 5.74 0.77 0.1366 5.16 0.79 0.0586 8.65 3.21 0.0026 5.29 1.73 

CO 
105 

186 

0 5.71 3.82 0 6.08 4.19 0 9.23 4.54 0 5.49 6.34 

0.0211 2.35 3.76 0.0232 2.33 3.44 0.0318 3.86 4.25 0.0083 3.09 4.41 

Benzene 
270 

501 

0 9.34 4.45 0 12.95 4.14 0 14.57 2.99 0 9.09 3.09 

0.0284 5.35 4.15 0.0409 5.37 3.67 0.0160 8.50 3.10 -0.0249 5.00 3.33 

Toluene 
233 

543 

0 21.62 5.18 0 25.16 5.28 0 17.57 5.63 0 21.41 1.72 

0.0511 8.84 4.61 0.0590 9.65 4.37 0.0344 8.45 4.19 -0.0435 8.82 2.61 
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Table 4. Average absolute deviations (%AAD) in predictions (kij=0) and calculations (using regressed kij’s) 

of bubble pressures (ΔP
bubble

) and vapour phase compositions (Δy1) of C2H6 + Comp2 binary systems with 

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

Comp2 
Trange 

[K] 

SRK PR PCSAFT SAFT-VR Mie 

kij ΔP Δy1 kij ΔP Δy1 kij ΔP Δy1 kij ΔP Δy1 

CO2 
207 

298 

0 15.31 6.39 0 15.75 6.35 0 14.61 6.88 0 13.22 7.56 

0.1359 3.16 2.16 0.1278 3.18 2.26 0.0650 2.93 2.74 0.0537 2.12 2.32 

C1 
130 

283 

0 1.73 1.26 0 1.67 1.17 0 6.13 3.81 0 3.62 2.01 

-0.0029 1.69 1.24 0.0012 1.54 1.14 0.0121 3.28 3.35 0.0007 3.40 1.96 

C3 
127 

370 

0 4.09 2.64 0 2.65 2.76 0 3.34 3.01 0 2.64 2.71 

-0.0059 2.65 2.80 -0.0055 2.52 2.78 -0.0046 3.04 2.76 -0.0018 2.50 2.72 

nC4 
235 

416 

0 8.29 1.96 0 3.39 1.97 0 3.63 1.96 0 3.33 3.07 

0.0077 4.22 2.06 0.0079 2.94 2.18 -0.0064 3.27 1.98 -0.0049 2.98 2.76 

iC4 
203 

394 

0 3.61 5.62 0 2.87 5.59 0 2.37 3.23 0 2.71 3.03 

-0.0079 2.95 5.00 -0.0065 2.32 5.27 -0.0010 2.19 3.16 -0.0038 3.02 3.13 

nC5 
278 

450 

0 2.70 2.79 0 3.00 2.63 0 2.93 2.61 0 2.87 2.53 

0.0086 2.24 2.52 0.0094 2.16 2.38 -0.0049 2.18 1.93 -0.0036 2.10 1.88 

nC6 
298 

450 

0 6.40 3.35 0 6.31 3.33 0 7.47 3.85 0 9.74 3.43 

-0.0091 5.65 3.39 -0.0062 5.55 3.37 -0.0108 5.62 3.13 -0.0183 5.34 2.56 

nC7 
235 

500 

0 2.67 1.01 0 2.76 1.24 0 3.18 1.11 0 4.70 1.15 

0.0058 2.69 0.99 0.0065 2.58 1.18 0.0035 2.89 0.95 -0.0158 2.55 0.74 

nC8 
273 

373 

0 4.76 0.59 0 5.40 0.56 0 3.65 0.63 0 2.31 0.62 

-0.0170 1.88 0.60 -0.0184 1.78 0.59 -0.0041 2.84 0.60 -0.0016 1.92 0.62 

nC10 
277 

511 

0 3.96 0.96 0 3.88 1.11 0 9.61 1.90 0 8.17 1.14 

0.0159 3.36 0.92 0.0143 3.27 1.08 0.0213 3.32 1.01 -0.0134 3.16 0.92 

nC12 
298 

373 

0 4.41 - 0 4.50 - 0 17.26 - 0 19.67 - 

0.0058 3.87 - 0.0059 3.91 - 0.0176 3.90 - -0.0228 3.74 - 

nC14 
323 

423 

0 2.29 - 0 2.14 - 0 15.20 - 0 13.33 - 

0.0044 1.98 - 0.0025 1.99 - 0.0228 2.31 - -0.0182 1.89 - 

nC16 
262 

514 

0 5.76 - 0 7.77 - 0 18.65 - 0 20.66 - 

0.0059 5.50 - 0.0049 7.35 - 0.0194 5.47 - -0.0275 5.28 - 

nC18 
323 

423 

0 4.43 - 0 4.97 - 0 16.84 - 0 35.94 - 

0.0010 4.40 - 0.0052 4.63 - 0.0243 3.29 - -0.0361 3.39 - 

nC20 
308 

572 

0 9.11 - 0 10.16 - 0 13.36 - 0 36.15 - 

-0.0164 7.87 - -0.0200 7.90 - 0.0137 5.42 - -0.0478 3.29 - 

nC24 
300 

368 

0 12.76 - 0 13.21 - 0 11.69 - 0 29.63 - 

-0.0313 5.75 - -0.0337 5.73 - -0.0068 7.26 - -0.0626 8.86 - 

H2S 
188 

358 

0 14.67 5.90 0 14.72 6.13 0 14.50 5.92 0 13.97 4.78 

0.0871 4.73 3.27 0.0838 4.76 3.23 0.0645 4.49 3.67 0.0506 4.72 3.84 

N2 
110 

297 

0 7.08 11.20 0 8.71 11.74 0 8.48 9.78 0 3.29 9.45 

0.0345 3.10 8.17 0.0386 3.49 6.49 0.0412 3.31 6.07 0.0086 3.15 6.95 

Ar 
103 

116 

0 23.73 44.65 0 25.41 68.07 0 20.38 44.77 0 16.07 37.76 

0.0512 4.67 12.33 0.0547 4.31 27.82 0.0304 1.99 18.63 0.0253 5.04 16.77 

CO 
100 

248 

0 6.82 32.54 0 8.05 28.04 0 13.36 36.39 0 10.61 33.52 

0.0063 6.63 31.84 0.0178 6.44 25.17 0.0124 9.35 30.26 0.0086 6.67 26.36 

Benzene 
273 

553 

0 6.94 2.96 0 8.32 2.98 0 9.78 5.15 0 3.85 1.88 

0.0423 3.60 2.59 0.0321 2.08 2.22 0.0198 2.44 2.26 -0.0011 3.84 1.87 

Toluene 
373 

473 

0 7.55 3.67 0 8.35 3.46 0 8.73 3.78 0 8.01 2.61 

0.0088 6.92 3.46 0.0292 7.70 2.73 -0.0007 7.33 3.31 -0.0109 5.69 3.46 
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Table 5. Average absolute deviations (%AAD)  in predictions (kij=0) and calculations (using regressed 

kij’s) of bubble pressures (ΔP
bubble

) and vapour phase compositions (Δy1) of N2 + Comp2 binary systems 

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

Comp2 
Trange 

[K] 

SRK PR PCSAFT SAFT-VR Mie 

kij ΔP Δy1 kij ΔP Δy1 kij ΔP Δy1 kij ΔP Δy1 

CO2 
218 

301 

0 5.47 3.56 0 3.86 2.92 0 6.02 2.27 0 22.26 8.28 

-0.0245 2.86 3.63 -0.0192 3.05 3.10 -0.0079 4.89 1.91 -0.1083 6.22 2.85 

C1 
100 

199 

0 8.16 1.85 0 8.38 1.80 0 8.57 1.94 0 10.55 3.19 

0.0293 2.53 1.42 0.0305 2.32 1.15 0.0263 2.25 1.27 0.0457 3.52 2.55 

C2 
110 

297 

0 7.08 11.20 0 8.71 11.74 0 8.48 9.78 0 3.21 9.45 

0.0345 3.10 8.17 0.0386 3.49 6.49 0.0412 3.31 6.07 0.0086 3.06 6.95 

C3 
114 

353 

0 13.61 3.62 0 14.03 3.57 0 13.18 3.68 0 12.29 4.12 

0.0766 7.88 1.36 0.0790 7.76 1.29 0.0588 7.59 1.11 0.0205 7.53 2.27 

nC4 
239 

421 

0 16.41 3.54 0 16.65 3.49 0 17.26 3.28 0 16.25 4.86 

0.0858 7.05 2.98 0.0813 6.84 2.75 0.0657 7.90 2.76 -0.0093 9.40 3.10 

iC4 
120 

394 

0 17.22 3.87 0 18.76 4.08 0 16.92 4.36 0 10.04 6.45 

0.0956 6.19 1.96 0.0971 6.10 1.93 0.0696 6.09 1.89 0.0197 5.79 6.56 

nC5 
277 

447 

0 14.85 2.51 0 16.43 2.87 0 18.50 3.43 0 12.62 2.90 

0.0912 5.94 1.33 0.0964 5.92 1.26 0.0650 6.35 1.87 -0.0074 6.13 1.85 

iC5 
277 

377 

0 15.60 3.06 0 17.14 3.24 0 21.09 5.88 0 19.99 6.02 

0.0944 5.76 1.94 0.0967 5.62 1.91 0.0706 5.58 2.06 0.0132 7.85 2.17 

nC6 
233 

498 

0 23.50 1.54 0 26.36 1.34 0 28.60 2.24 0 8.21 1.93 

0.118 8.36 1.73 0.1295 7.21 1.35 0.0894 6.83 1.58 -0.0125 5.34 1.00 

nC7 
251 

523 

0 25.22 4.86 0 25.80 5.33 0 22.69 5.98 0 11.65 5.13 

0.1311 8.47 2.71 0.1356 7.92 2.59 0.0841 6.89 2.32 -0.0150 6.97 2.10 

nC8 
233 

543 

0 27.09 5.10 0 27.36 5.25 0 25.63 6.18 0 25.64 6.24 

0.1893 5.37 3.74 0.1888 5.24 3.27 0.0893 5.30 4.85 -0.0186 7.46 4.61 

nC9 
261 

543 

0 23.39 4.01 0 25.63 2.82 0 29.06 3.86 0 7.92 4.25 

0.1829 7.61 5.00 0.1854 6.07 3.76 0.1344 6.48 3.74 -0.01455 4.96 4.09 

nC10 
263 

563 

0 18.21 0.18 0 21.79 0.19 0 30.15 0.22 0 29.33 0.42 

0.1006 4.92 0.17 0.1118 4.66 0.16 0.1034 5.78 0.26 -0.0497 4.21 0.44 

nC12 
298 

593 

0 18.68 - 0 19.20 - 0 31.05 - 0 24.99 - 

0.2106 5.24 - 0.196 3.59 - 0.1103 5.61 - -0.0597 4.61 - 

nC14 
298 

434 

0 36.04 - 0 38.21 - 0 41.46 - 0 13.56 - 

0.2079 8.73 - 0.1975 8.92 - 0.1543 8.14 - -0.0209 6.83 - 

nC16 
298 

703 

0 38.66 - 0 39.42 - 0 41.06 - 0 30.31 - 

0.2056 7.20 - 0.2002 7.45 - 0.1382 9.13 - -0.0835 8.07 - 

nC20 
323 

423 

0 26.58 - 0 27.87 - 0 33.07 - 0 31.44 - 

0.2226 3.99 - 0.2051 4.53 - 0.1634 7.64 - -0.0967 8.32 - 

H2S 
200 

344 

0 34.56 11.90 0 37.55 14.25 0 31.72 12.18 0 24.14 10.88 

0.1565 7.85 3.22 0.1738 5.49 2.80 0.1294 5.48 3.97 0.0708 5.28 2.97 

O2 
100 

136 

0 4.46 2.68 0 4.21 2.20 0 3.61 1.86 0 3.65 3.09 

-0.0142 2.43 1.27 -0.0129 2.23 0.93 -0.0122 2.91 1.10 0.0025 1.80 2.28 

Ar 
100 

134 

0 2.53 1.10 0 2.32 0.89 0 1.96 1.87 0 3.56 2.86 

-0.0079 1.71 0.55 -0.0073 1.49 0.48 0.0028 1.74 1.76 -0.004 3.26 2.80 

SO2 
241 

413 

0 14.95 9.99 0 18.14 11.47 0 12.23 12.67 0 11.78 15.07 

0.1156 5.95 6.34 0.1305 5.48 5.75 0.0237 6.90 6.33 0.0104 7.14 6.66 

CO 
100 

122 

0 1.58 10.90 0 1.61 10.82 0 2.27 11.75 0 2.32 11.42 

0.0059 1.77 11.15 0.0058 1.60 11.06 0.0064 1.97 10.86 0.0032 1.94 10.75 

Benzene 
288 

398 

0 36.63 0.73 0 43.00 0.62 0 44.04 0.79 0 26.16 0.55 

0.1721 6.36 1.09 0.1721 7.67 0.82 0.1302 6.36 1.09 0.0499 11.88 0.38 

Toluene 
313 

548 

0 12.39 9.25 0 14.34 10.26 0 12.39 9.25 0 11.41 4.83 

0.1632 10.37 7.49 0.1785 9.79 7.39 0.0965 11.37 7.49 0.0113 8.95 4.50 
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Table 6. Average absolute deviations (%AAD) in predictions (kij=0) and calculations (using regressed kij’s) 

of bubble pressures (ΔP
bubble

) and vapour phase compositions (Δy1) of H2S + Comp2 binary systems with 

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

Comp2 
Trange 

[K] 

SRK PR PCSAFT SAFT-VR Mie 

kij ΔP Δy1 kij ΔP Δy1 kij ΔP Δy1 kij ΔP Δy1 

CO2 
218 

301 

0 12.23 4.88 0 12.94 4.95 0 14.13 5.36 0 13.86 5.23 

0.0984 1.38 1.06 0.0966 1.43 1.35 0.0618 1.68 0.95 0.0621 1.12 1.89 

CH4 
100 

199 

0 15.36 5.86 0 15.92 5.94 0 14.03 4.96 0 13.71 5.43 

0.0769 4.93 2.34 0.0841 4.76 2.28 0.0386 4.64 2.10 0.0314 4.87 2.30 

C2 
110 

297 

0 14.67 5.90 0 14.72 6.13 0 14.42 5.92 0 13.97 4.78 

0.0871 4.73 3.27 0.0838 4.76 3.23 0.0620 4.41 3.67 0.0506 4.72 3.84 

C3 
114 

353 

0 15.67 4.73 0 15.80 4.69 0 15.07 4.53 0 12.54 4.61 

0.0866 4.49 1.98 0.0819 4.55 2.02 0.0576 4.70 1.77 0.0524 3.23 2.10 

nC4 
239 

421 

0 16.20 4.61 0 16.07 4.72 0 14.08 4.59 0 11.38 4.36 

0.1046 2.52 2.05 0.0891 2.55 2.09 0.0538 2.23 1.83 0.0504 2.10 2.52 

iC4 
120 

394 

0 8.86 3.13 0 8.77 3.04 0 8.62 2.94 0 9.11 3.49 

0.0631 2.39 1.84 0.0625 2.42 1.86 0.0513 2.27 1.81 0.0348 2.33 2.02 

nC5 
277 

447 

0 13.83 4.28 0 13.61 4.32 0 13.29 4.16 0 14.54 4.79 

0.0700 3.74 2.86 0.0654 3.50 2.93 0.0464 2.85 2.58 0.0455 3.10 3.13 

iC5 
277 

377 

0 9.74 4.23 0 9.83 4.10 0 9.68 4.17 0 9.67 4.36 

0.0763 4.23 2.13 0.0708 4.27 2.19 0.0480 3.86 1.94 0.0459 4.00 2.07 

nC6 
233 

498 

0 12.40 1.76 0 11.58 1.71 0 11.73 1.60 0 10.77 1.59 

0.0690 2.20 0.69 0.0575 2.09 0.83 0.0407 2.88 0.57 0.0386 2.35 0.76 

nC7 
251 

523 

0 16.31 2.20 0 15.96 2.05 0 14.23 1.64 0 14.50 1.95 

0.0736 5.84 1.38 0.0641 5.40 1.43 0.0482 5.28 1.21 0.0440 5.41 1.35 

nC9 
233 

543 

0 16.45 1.39 0 13.47 1.17 0 9.30 1.20 0 3.47 1.27 

0.0517 2.49 0.89 0.0402 2.18 0.80 0.0193 4.12 0.76 0.0082 2.03 0.89 

nC10 
261 

543 

0 15.85 0.22 0 13.14 0.32 0 18.53 0.39 0 19.59 0.45 

0.0496 5.30 0.25 0.0371 5.53 0.37 0.0390 4.79 0.22 0.0557 4.29 0.14 

nC12 
263 

563 

0 5.28 - 0 4.77 - 0 24.75 - 0 20.92 - 

0.0244 4.13 - 0.0106 4.15 - 0.0358 6.76 - 0.0446 6.13 - 

nC15 
298 

593 

0 8.45 - 0 8.31 - 0 14.66 - 0 15.06 - 

0.0097 7.86 - -0.0094 7.92 - 0.0323 3.32 - 0.0376 1.63 - 

nC20 
298 

434 

0 10.47 - 0 13.31 - 0 28.05 - 0 18.36 - 

-0.0201 5.47 - -0.0373 5.88 - 0.0712 6.14 - 0.0429 5.78 - 

N2 
200 

344 

0 34.56 11.90 0 37.55 14.25 0 31.72 12.18 0 24.14 10.88 

0.1565 7.85 3.22 0.1738 5.49 2.80 0.1294 5.48 3.97 0.0708 5.28 2.97 

CO 
100 

136 

0 24.51 25.50 0 30.03 36.62 0 18.57 32.96 0 19.36 20.29 

0.0664 8.80 11.36 0.0825 9.16 12.65 0.07648 8.71 15.85 0.0258 5.01 9.53 

Benzene 
288 

398 

0 2.93 0.58 0 2.81 0.33 0 9.85 1.02 0 3.46 0.30 

0.0038 2.38 0.45 0.0041 2.13 0.22 0.0107 7.06 1.11 0.0042 3.11 0.50 

Toluene 
313 

548 

0 4.47 1.59 0 4.15 1.63 0 10.25 0.99 0 7.01 1.67 

0.0047 4.39 1.50 0.0032 4.11 1.57 0.0121 7.60 1.01 0.0080 6.46 1.37 
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Table 7. Summary of the average absolute deviations (%AAD) in bubble pressures (ΔP
bubble

) and vapour 

phase compositions (Δy1) predicted (kij=0) and calculated (kij≠0) by the SRK, PR, PC-SAFT and SAFT-VR 

Mie EoS. 

  
 

SRK PR PC-SAFT SAFT-VR Mie 

Comp1 Comp2 

 

ΔP Δy1 ΔP Δy1 ΔP Δy1 ΔP Δy1 

CO2 

Gases 
kij = 0 14.92 6.60 13.47 6.43 13.85 6.75 13.99 7.84 

kij ≠ 0 5.04 4.26 5.49 3.52 6.55 4.30 5.72 3.67 

Alkanes 
kij = 0 14.35 3.56 14.27 3.53 14.24 3.79 13.64 3.83 

kij ≠ 0 3.90 1.34 3.84 1.35 3.81 1.26 3.53 1.34 

Aromatics 
kij = 0 23.76 4.16 24.99 4.21 36.90 6.80 20.68 4.06 

kij ≠ 0 6.82 3.60 6.32 3.54 11.39 6.58 8.77 3.71 

Average 
kij = 0 15.13 4.23 14.89 4.18 15.79 4.68 14.21 4.66 

kij ≠ 0 4.32 2.15 4.31 2.00 4.84 2.40 4.29 2.04 

           

CH4 

Gases 
kij = 0 16.85 5.07 17.70 5.39 13.26 4.99 5.86 4.66 

kij ≠ 0 3.15 2.68 3.01 2.35 4.80 3.56 3.49 3.47 

Alkanes 
kij = 0 10.05 1.62 10.67 1.65 9.64 1.70 10.24 1.36 

kij ≠ 0 4.61 1.44 4.60 1.42 4.16 1.53 4.48 1.28 

Aromatics 
kij = 0 15.48 4.81 19.06 4.71 16.07 4.31 15.25 2.40 

kij ≠ 0 7.09 4.38 7.51 4.02 8.48 3.65 6.91 2.97 

Average 
kij = 0 11.91 3.02 12.79 3.11 10.95 2.95 9.93 2.49 

kij ≠ 0 4.54 2.09 4.53 1.96 4.62 2.28 4.49 2.05 

   
        

C2H6 

Gases 
kij = 0 13.52 20.13 14.53 24.07 14.27 20.75 11.43 18.61 

kij ≠ 0 4.46 11.55 4.44 12.99 4.42 12.27 4.34 11.25 

Alkanes 
kij = 0 4.81 2.02 4.67 2.04 8.46 2.21 12.22 1.97 

kij ≠ 0 3.54 1.95 3.51 2.00 3.52 1.89 3.34 1.73 

Aromatics 
kij = 0 7.25 3.31 8.33 3.22 9.26 4.47 5.93 2.25 

kij ≠ 0 5.26 3.03 4.89 2.47 4.88 2.78 4.77 2.66 

Average 
kij = 0 6.92 7.50 7.13 8.66 9.79 7.93 11.50 6.90 

kij ≠ 0 3.89 4.90 3.83 5.29 3.83 5.05 3.68 4.64 

   
        

N2 

Gases 
kij = 0 12.88 6.69 13.65 7.09 12.98 7.10 14.16 8.60 

kij ≠ 0 3.79 4.36 3.41 4.02 4.50 4.32 4.85 4.72 

Alkanes 
kij = 0 19.43 3.49 20.69 3.52 22.75 3.91 15.77 4.23 

kij ≠ 0 5.79 2.50 5.51 2.15 5.93 2.29 5.89 2.90 

Aromatics 
kij = 0 24.51 4.99 28.67 5.44 28.21 5.02 18.79 2.69 

kij ≠ 0 8.36 4.29 8.73 4.10 8.86 4.29 10.41 2.44 

Average 
kij = 0 17.72 4.54 19.07 4.72 20.04 4.93 14.93 5.33 

kij ≠ 0 5.51 3.20 5.22 2.87 5.70 3.06 5.86 3.37 

           

H2S 

Gases 
kij = 0 23.77 14.09 26.84 18.61 21.47 16.83 19.12 12.13 

kij ≠ 0 6.01 5.21 5.36 5.60 5.29 6.92 3.80 4.80 

Alkanes 
kij = 0 11.97 3.19 11.68 3.18 14.03 3.01 12.51 3.09 

kij ≠ 0 4.02 1.64 4.00 1.67 3.88 1.54 3.46 1.76 

Aromatics 
kij = 0 29.53 18.70 33.79 25.43 25.15 22.57 21.75 15.59 

kij ≠ 0 8.32 7.29 7.33 7.73 7.10 9.91 5.15 6.25 

Average 
kij = 0 12.91 4.87 13.14 5.65 14.75 5.21 12.77 4.44 

kij ≠ 0 4.26 2.19 4.11 2.27 4.44 2.43 3.65 2.20 

   
        

Overall 

Gases 
kij = 0 14.97 10.39 15.56 12.10 13.44 11.13 11.06 10.25 

kij ≠ 0 4.38 5.76 4.27 5.97 5.08 6.52 4.42 5.91 

Alkanes 
kij = 0 13.16 2.99 13.47 2.99 14.90 3.14 13.94 3.16 

kij ≠ 0 4.76 1.93 4.68 1.86 4.60 1.79 4.48 1.90 

Aromatics 
kij = 0 14.94 3.67 16.91 3.71 20.10 4.32 13.18 2.48 

kij ≠ 0 6.18 3.25 6.11 3.01 8.19 3.67 7.13 2.54 

Average 
kij = 0 13.68 4.92 14.19 5.36 15.10 5.29 13.31 4.85 

kij ≠ 0 4.82 3.05 4.73 3.03 5.03 3.21 4.71 2.98 
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Table 8. Average absolute binary interaction parameters and average sensitivities in the VLE calculations. 

 SRK PR PC-SAFT SAFT-VR Mie 

BIP  0.0680 0.0677 0.0445 0.0313 

Sensitivity in ΔP (%) 137.4 140 270.2 294.7 

Sensitivity in Δy1 (%) 24.5 28.7 52.1 76.9 
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Table 9. Critical properties of CO2 predicted with PC-SAFT and SAFT-VR Mie and comparison with 

experimental data. 

Critical 

property 
Exp 

[44] 

PC-SAFT SAFT-VR Mie 

value %AAD Value %AAD 

Tc/K 304.1 309.4 1.73 307.2 0.99 

Pc/MPa 7.38 7.92 7.32 7.81 5.43 

ρc/kg∙m-3 467.6 482.5 3.19 473.1 1.18 
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Table 10. Average (AAD%) and maximum (MAD%) 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 

PC-SAFT SAFT-VR Mie 

 
without VC with VC without VC with VC 

Components AAD% MAD% AAD% MAD% AAD% MAD% AAD% MAD% AAD% MAD% AAD% MAD% 

C1 1.28 6.08 1.26 6.17 7.09 11.90 0.92 3.79 1.45 2.48 0.95 1.94 

C2 2.37 15.13 1.71 15.90 7.82 11.64 2.54 10.72 1.98 4.05 0.41 6.26 

C3 4.19 20.17 2.33 18.06 7.54 12.42 3.07 14.40 1.88 13.77 0.53 6.69 

iC4 4.42 21.08 2.28 18.90 6.73 13.41 2.26 15.12 1.15 8.64 0.71 8.26 

nC4 5.66 15.59 2.12 16.30 6.37 10.46 2.15 11.72 1.71 5.70 0.95 6.85 

iC5 5.90 18.97 2.00 19.86 5.48 12.67 1.92 12.86 1.68 9.80 0.83 13.19 

nC5 7.85 20.61 2.18 20.79 4.73 14.60 2.17 15.47 1.36 15.31 0.96 14.02 

nC6 9.74 22.53 2.17 20.91 4.50 15.09 2.22 15.80 1.76 14.30 1.14 12.37 

nC7 11.66 20.94 2.14 16.52 4.81 11.97 2.16 12.39 1.93 8.31 1.38 9.80 

nC8 13.82 21.85 2.16 13.11 5.47 14.05 2.18 9.14 2.10 7.86 1.53 10.74 

nC9 15.95 24.02 2.20 10.37 7.16 16.63 2.15 7.57 2.45 8.19 1.66 9.31 

nC10 17.68 25.72 2.25 9.68 9.30 18.74 2.19 6.83 2.38 8.68 1.61 9.57 

nC12 19.83 27.96 2.37 7.90 12.89 21.38 2.28 5.65 2.44 9.63 1.74 10.09 

CO2 2.84 8.82 1.83 15.85 8.25 11.09 1.23 13.60 0.73 8.48 1.62 5.11 

N2 1.96 8.40 1.08 8.45 7.46 12.91 1.03 4.63 1.14 4.38 0.61 2.94 

O2 1.49 3.83 1.32 3.91 5.67 12.15 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 

CO 2.05 3.93 1.11 4.82 7.27 13.21 0.99 1.90 1.90 4.31 0.84 1.77 

H2S 3.84 14.46 2.34 13.78 6.23 10.96 2.06 11.93 0.73 12.89 1.99 10.75 

SO2 8.01 21.27 3.86 17.05 1.63 13.53 2.62 14.65 1.99 10.81 1.71 8.60 

Benzene 9.15 14.22 2.79 12.13 6.90 12.84 2.58 7.91 1.10 4.84 1.35 7.64 

Toluene 11.72 15.70 2.83 10.41 6.75 11.57 2.47 8.28 0.97 2.96 1.26 8.11 

Average 7.40 16.12 2.06 12.95 6.67 13.45 1.95 9.46 1.61 7.80 1.16 7.66 
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Table 11. Deviations in calculated density of CO2 + Comp2 systems by the SRK, PR, PC-SAFT and SAFT-

VR Mie EoSs with and without volume correction (VC).  

  
Ranges SRK PR 

PC-SAFT SAFT-Mie 
Comp2 

No 

Data 
T [K] P [MPa] xCO2 no VC VC no VC VC 

C1 1312 219 673 0.1 100.0 0.10 0.90 3.76 2.67 4.11 2.62 3.08 2.57 

C2 1607 210 477 1.7 69.0 0.17 0.98 7.00 6.22 8.07 6.79 6.27 5.57 

C3 1269 294 510 2.5 70.6 0.03 0.98 4.57 4.12 7.31 3.51 4.12 2.93 

iC4 346 280 440 3 200.0 0.24 0.97 4.05 1.07 5.70 1.50 4.87 1.92 

nC4 345 280 440 0.4 200.0 0.01 0.97 3.88 2.25 5.14 1.10 2.87 2.17 

nC5 358 307 323 2.5 35.0 0.21 0.99 9.73 4.91 5.85 5.31 2.45 1.99 

nC6 176 308 313 6.3 12.5 0.05 0.98 8.17 5.10 6.74 5.39 3.18 2.83 

nC7 558 220 459 0.1 55.5 0.02 0.99 8.65 5.22 7.02 5.46 3.09 2.65 

nC8 24 308 308 12.0 35.0 0.93 0.97 3.91 1.63 3.33 1.95 3.80 2.43 

nC10 792 283 555 0.10 120.0 0.03 0.94 7.86 4.00 4.43 2.17 1.46 1.23 

C14* 40 323 344 1.0 6.0 0.10 0.99 12.00 5.01 12.51 2.60 1.63 1.90 

C16* 8 313 313 1.6 6.0 0.19 0.59 25.26 1.79 17.94 2.03 0.89 1.01 

C20* 60 310 373 0.5 7.6 0.04 0.68 21.48 8.64 19.42 6.32 0.92 1.10 

H2S 540 249 500 1.5 60.0 0.06 0.94 3.72 1.91 3.47 1.87 3.25 1.84 

N2 2034 225 673 4.0 800.0 0.10 0.99 9.34 3.67 10.67 3.58 3.50 2.98 

O2 230 273 383 4.0 20.0 0.85 0.95 5.37 3.92 6.16 3.84 3.14 2.28 

CO 53 308 343 22.5 47.0 0.86 0.95 1.80 1.78 1.84 1.75 1.70 2.17 

Ar 458 250 501 1 61.0 0.05 0.94 9.67 5.88 9.80 5.90 5.96 5.68 

Toluene 360 291 423 1.1 67.1 0.12 0.90 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 CH4 + Comp2 systems by the SRK, PR, PC-SAFT and SAFT-

VR Mie EoSs with and without volume correction (VC). 

  
Ranges SRK PR 

PC-SAFT SAFT-Mie 
Comp2 

No 

Data 
T [K] P [MPa] xCH4 no VC VC no VC VC 

C2 833 100 394 0.1 35.8 0.10 0.92 4.90 4.09 4.98 3.81 3.42 2.60 

C3 2686 100 510 0.1 68.9 0.01 0.97 4.90 3.44 5.17 2.88 2.19 2.04 

iC4 136 100 256 0.1 16.5 0.18 0.94 5.86 1.75 5.68 2.96 0.76 0.64 

nC4 138 100 479 0.1 31.0 0.15 0.95 7.80 2.05 7.07 2.12 1.83 1.66 

nC5 580 310 511 2.7 34.5 0.03 0.93 6.94 2.61 7.36 2.53 2.24 2.00 

nC7 827 185 510 0.4 69.8 0.10 0.75 8.16 3.85 7.92 3.96 3.70 3.53 

nC10 922 293 444 0.1 140.0 0.09 0.96 7.91 3.69 7.33 3.73 3.66 3.60 

C14* 24 294 448 2.0 9.5 0.08 0.36 17.12 6.09 11.57 3.24 0.80 1.15 

C18* 24 323 448 1.9 8.7 0.08 0.36 21.37 7.36 16.3 6.52 0.87 1.15 

C20* 12 313 313 0.3 5.0 0.02 0.27 19.35 11.66 27.94 13.22 0.79 1.17 

CO2 1452 219 673 0.1 100 0.02 0.90 3.76 2.67 4.11 2.62 3.08 2.57 

H2S 1220 277 501 0.8 69.0 0.10 0.90 9.72 5.54 9.85 5.39 5.20 4.97 

N2 1868 100 673 0.1 138.0 0.01 0.99 2.32 1.85 2.97 1.27 2.14 0.90 

CO 112 116 125 2.0 160.0 0.20 0.71 5.76 1.40 12.14 1.53 1.29 1.04 

Ar 259 100 423 0.1 138 0.08 0.85 0.98 1.06 12.87 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 C2H6 + Comp2 systems by the SRK, PR, PC-SAFT and 

SAFT-VR Mie EoSs with and without volume correction (VC). 

  
Ranges SRK PR 

PC-SAFT SAFT-Mie 
Comp2 

No 

Data 
T [K] P [MPa] xC2H6 no VC VC no VC VC 

C1 833 100 394 0.1 35.8 0.10 0.92 4.90 4.09 4.98 3.81 3.42 2.60 

C3 1462 102 400 1.5 34.6 0.01 0.95 7.27 4.31 5.13 3.66 0.80 0.64 

iC4* 6 115 130 0.0 0.0 0.69 0.72 6.09 3.58 5.31 5.22 0.45 1.06 

nC4 12 311 311 3.4 13.8 0.25 0.78 7.63 2.17 4.02 2.79 1.25 0.42 

nC5 57 309 309 3.1 7.1 0.68 0.99 13.39 9.05 10.51 7.30 2.13 2.62 

nC7 30 185 353 0.1 7.5 0.02 0.68 11.34 1.98 8.12 1.31 0.92 0.89 

nC10 1366 278 511 1.4 68.9 0.10 0.90 11.04 2.51 7.06 1.94 0.59 0.81 

C16* 29 313 353 4.7 10.4 0.88 0.99 24.60 18.44 19.90 18.10 11.74 12.14 

C20* 29 323 423 0.9 7.8 0.10 0.84 19.08 10.70 13.56 11.43 1.74 3.02 

CO2 1607 210 477 1.7 69.0 0.17 0.98 7.00 6.22 8.07 6.79 6.27 5.57 

H2S 357 254 363 1.6 21.5 0.02 0.96 6.09 3.05 5.08 3.35 2.93 1.96 

N2 373 113 477 2.0 62.0 0.25 0.99 3.49 2.17 2.82 1.69 1.47 0.58 

CO 5 303 343 8.1 10.6 0.42 0.48 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 N2 + Comp2 systems by the SRK, PR, PC-SAFT and SAFT-

VR Mie EoSs with and without volume correction (VC). 

  
Ranges SRK PR 

PC-SAFT SAFT-Mie 
Comp2 

No 

Data 
T [K] P [MPa] xN2 no VC VC no VC VC 

C1 1868 100 673 0.1 138.0 0.01 0.99 2.32 1.85 2.97 1.27 2.14 0.90 

C2 373 113 477 2.0 62.0 0.01 0.75 3.49 2.17 2.82 1.69 1.47 0.58 

C3 23 399 422 8.6 42.1 0.01 0.83 8.89 7.92 12.35 8.72 7.79 6.72 

nC4 493 428 478 6.0 68.9 0.10 0.91 4.97 2.13 5.62 1.69 3.01 1.21 

nC8 144 293 373 25.0 100.0 0.79 0.79 10.12 3.66 2.37 1.12 0.83 0.66 

nC10 8 313 313 0.1 40.1 0.01 0.38 16.36 3.35 6.32 0.87 0.43 0.48 

CO2 2034 225 673 4.0 800.0 0.01 0.90 9.34 3.67 10.67 3.58 3.50 2.98 

H2S 47 293 373 10.3 24.1 0.78 0.91 1.45 0.92 2.62 0.65 2.06 0.78 

O2 2 100 100 0.1 0.1 0.68 0.82 3.31 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 20.0 0.90 0.95 1.73 1.22 1.94 0.35 1.62 0.09 
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Table 15. Deviations in calculated density of H2S + Comp2 systems by the SRK, PR, PC-SAFT and SAFT-

VR Mie EoSs with and without volume correction (VC). 

  
Ranges SRK PR 

PC-SAFT SAFT-Mie 
Comp2 

No 

Data 
T [K] P [MPa] xH2S no VC VC no VC VC 

C1 1220 277 501 0.8 69.0 0.10 0.90 9.72 5.54 9.85 5.39 5.20 4.97 

C2 357 254 363 1.6 21.5 0.04 0.98 6.09 3.15 5.08 3.35 2.93 1.96 

C3 135 263 363 4.354 34.7 0.27 0.90 9.15 6.24 7.31 6.00 8.33 5.35 

nC5 520 278 511 1.4 68.9 0.25 0.80 8.24 2.94 3.67 2.49 1.61 0.64 

nC10 481 278 444 1.40 69.0 0.23 0.81 19.66 3.65 10.01 5.54 3.30 3.08 

CO2 540 249 500 1.5 60.0 0.06 0.94 3.72 1.81 3.47 1.77 3.25 1.84 

N2 47 293 373 10.3 24.1 0.09 0.22 1.45 0.92 2.62 0.65 2.06 0.78 

Toluene 116 373 501 9 65 0.92 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. 

  

R² = 0,9999

0

500

1000

1500

2000

2500

0 100 200 300

(m
∙ε

∙k
b-1

) 
/K

MW / g∙mol-1

R² = 0,9978

0

20

40

60

80

100

120

0 100 200 300

m
∙λ

r

MW / g∙mol-1

R² = 0,9974

0

1

2

3

4

5

6

0 100 200 300

m

MW / g∙mol-1

R² = 0,9994

0

5

10

15

20

25

30

0 100 200 300

(m
∙σ

) 
/Å

3

MW / g∙mol-1



33 

 

 

Figure 2. Vapour-pressure curves of nC16 (), nC24 () and nC32 () using the correlated SAFT-VR Mie 

molecular parameters. 

  

0

2

4

6

8

10

12

14

16

400 500 600 700 800 900

P
/ 

M
P

a

T / K

-20

-15

-10

-5

0

5

0,001 0,0015 0,002 0,0025 0,003

ln
 P

T-1 / K-1



34 

 

 

 

Figure 3. Binary interaction parameters of n-alkanes + CO2 binary system and their trend curves for the 

SRK (, dashed lines), PR (●, dotted line), PC-SAFT (▲, continuous line) and SAFT-VR Mie (□, dot-

dashed line) EoS. 
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Fig 4. Pressure–composition diagrams of the CO2 + N2 system at 218K. Experimental data  () [45]. The 

SRK (dashed lines), PR (dotted line), PC-SAFT (continuous line) and SAFT-VR Mie (dot-dashed line) EoS 

with kij =0 (a) and with regressed kij (b). 

  

0

5

10

15

20

25

0 0.2 0.4 0.6 0.8

P
 /

 M
Pa

xN2
,yN2

(a)

0

5

10

15

20

25

0 0.2 0.4 0.6 0.8

P
 /

 M
Pa

xN2
,yN2

(b)



36 

 

 

 

Fig 5. Pressure–composition diagram of the CH4 + CO2 system at 230K. Comparison between 

experimental data  () [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 kij. 
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Fig 6. Pressure–composition diagrams of the C2H6 + Ar system at 116K. Experimental data  (■) [47]. The 

SRK (dashed lines), PR (dotted line), PC-SAFT (continuous line) and SAFT-VR Mie (dot-dashed line) EoS 

with kij =0 (a) and with regressed kij (b). 
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Fig 7. Pressure–composition diagram of the N2 + H2S system at 256K. Comparison between experimental 

data  () [48], the SAFT-VR Mie EoS with kij =0 (continuous line) and with regressed kij (dashed lines) 

and the PR EoS with kij =0 (dot-dashed line)  and with regressed kij (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 CO2, CH4, C2H6, N2 and H2S + 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 CO2 + 0.486 mole H2S using SAFT-VR 

Mie (continuous lines), PR+Peneloux (dashed lines) and PR (dotted lines) EoS with the regressed kij. 

Symbols [49]: () 350K, () 400K, () 450K  and () 500K. 
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Fig 11. Experimental and calculated densities of the 0.857 mole C2H6 + 0.143 mole H2S using SAFT-VR 

Mie (continuous lines), SRK+Peneloux (dashed lines) and SRK (dotted lines) EoS with the regressed kij. 

Symbols [50]: () 268K, () 283K and  () 322K . 
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Fig.12. Experimental and calculated densities of the 0.9101 mole CO2 + 0.0899 mole N2 using PC-SAFT 

(continuous lines), SRK+Peneloux (dashed lines) and SRK EoS with the regressed kij. Symbols [51]: () 

300K, () 350K, () 400K  and () 450K. 
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Fig.13. Experimental and calculated densities of the 0.8 mole CH4 + 0.2 mole N2 using SRK (continuous 

lines), SRK+Peneloux (doted lines), PR (dashed lines) and PR+Peneloux (dot-dashed line) EoS with the 

regressed kij. Symbols [52]: () 270K, () 313K  and () 353K. 
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