
U.P.B. Sci. Bull., Series B, Vol. 83, Iss. 2, 2021                                                      ISSN 1454-2331 

PHASE DIAGRAM PREDICTIONS FOR CARBON DIOXIDE + 

DIFFERENT CLASSES OF ORGANIC SUBSTANCES AT 

HIGH PRESSURES 

Mihaela IONIŢĂ1, Adrian CRIŞCIU2, Radu C. RACOVIŢĂ3, Sergiu SIMA4, 

Catinca SECUIANU5* 

The ability of a unique set of binary interaction parameters (BIPs) to predict 

the phase behavior of binary systems consisting of carbon dioxide (1) + organic 

compounds (2) from different classes is tested. The binary interaction set was 

determined for the carbon dioxide + 2-butanol binary mixture in a predictive way, 

being the intersection of the experimental temperature of the experimental upper 

critical endpoint (UCEP) and the experimental critical pressure maximum (CPM) 

traced by paths in k12–l12 diagram. The calculations were performed with the Soave-

Redlich-Kwong (SRK) cubic equation of state (EOS), coupled with classical van der 

Waals mixing rules (two-parameter conventional mixing rule, 2PCMR). 
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1. Introduction 

Carbon dioxide (CO2) accounts for over 80% of greenhouse gases (GHGs) 

emitted in atmosphere and reached a historical maximum last year [1, 2]. Many 

processes are responsible for the dramatic increase of carbon dioxide emissions 

such as burning fossil fuels (coal, natural gas, and oil) in energy production 

facilities and power plants, but also wood, solid waste, and other biological 

materials, by-product of certain chemical reactions in different industries (e.g., 

cement and steel factories), worldwide bushfires, land use change, etc. [3-11]. The 

alarming increased concentrations of CO2 and other GHGs into atmosphere trap 
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heat leading to the greenhouse effect, which results in global warming and climate 

change sparking extreme phenomena [8, 9].  

Carbon capture and storage (CCS) or carbon capture and utilization (CCU) 

are favorite options among many ways of reducing the carbon dioxide [12-18]. 

Despite their great potential in different industries with large CO2 emissions, the 

drawback is still represented by costs [13-15, 19]. 

In this context, our group focused on investigating the phase behavior of 

carbon dioxide and different classes of organic substances as a way of carbon 

mitigation. Phase equilibria, both experimental determinations and modelling, at 

high-pressures of carbon dioxide with alcohols [20-51], alkanes [52, 53], 

cycloalkanes [52, 54, 55], ethers [56, 57], and esters [58], were explored to 

illustrate the functional group effect on the solvent ability to dissolve CO2. It is 

well known that the experiments are usually expensive and very time consuming 

[10, 59-63]. Therefore, equations of state (EoS) models are the most common 

approach for the correlation and/or prediction of phase equilibria and properties of 

the mixtures [64-67]. 

In the present work, we discuss the influence of binary interaction 

parameters (BIPs) on predicting phase diagrams using Soave–Redlich–Kwong 

(SRK) [68] equation of state (EoS) coupled with classical van der Waals (two-

parameter conventional mixing rule, 2PCMR) for several carbon dioxide + 

organic substances binary systems. 

2. Modelling 

Since van der Waals proposed his famous equation in 1873, cubic 

equations have been intensively studied, and they are to date the most common 

approach for the correlation and prediction of phase equilibria and properties of 

the mixtures, being used frequently for practical applications [67]. 

Although cubic equations of state have their known limitations [69-73], 

they offer the best balance between accuracy, simplicity, reliability, and speed of 

computation, and remain an important and easy tool to calculate the phase 

behavior of many systems, even for complex mixtures like petroleum fluids [74-

76].  

The model chosen for studying the influence of binary interaction 

parameters on the prediction of phase behavior is the Soave–Redlich–Kwong 

(SRK) [68] equation of state (EoS) coupled with classical van der Waals (two-

parameter conventional mixing rule, 2PCMR). 

The Soave–Redlich–Kwong equation of state is: 
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where the two parameters, a and b, are: 
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The two parameter conventional mixing rules are given by: 
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The calculations were made using the software package PHEQ (Phase 

Equilibria Database and Applications), developed in our laboratory [77], and 

GPEC (Global Phase Equilibrium Calculations) [78, 79]. In our in-house 

software, the module for calculating the critical curves is called CRIMIX and uses 

the method proposed by Heidemann and Khalil [80] with the numerical 

derivatives given by Stockfleth and Dohrn [81]. 

3. Results and discussion 

Phase diagrams display the domains occupied by the different phases of a 

system, the boundaries that separate these regions, and the special points of the 

system, as a function of two independent variables. They are calculated using 

equations of state and the best known classification of phase diagrams for binary 

systems was proposed by van Konynenburg and Scott [82].  

In a previous paper [40], we predicted the phase diagram for the carbon 

dioxide + 2-butanol binary system using the k12–l12 method [43, 45, 83], meaning 

that we determined a unique set of interaction parameters in a wide range of 
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temperatures, representing exactly the experimental critical pressure maximum 

(CPM) and the experimental temperature of the upper critical endpoint (UCEP). 

This single set determined for the SRK EoS is k12 = 0.020 and l12 = -0.111. 

Stevens et al. [84] have provided experimental evidence that the binary system 

carbon dioxide + 2-butanol exhibits liquid–liquid immiscibility and therefore the 

system is a type II phase diagram, according to the classification of van 

Konynenburg and Scott [82] or the recent one of Privat and Jaubert [85]. Type II 

phase behavior is characterized by a continuous liquid–vapor critical curve 

stretching between the critical points of the pure components as in type I phase 

behavior, but additionally presents a liquid–liquid critical curve which intersects 

the three-phase liquid–liquid–vapor equilibrium line in an upper critical endpoint, 

as sketched in Fig. 1. 

 

 
Fig.1. P–T fluid phase diagram for type II phase behavior 

 
Table 1 

Critical data (Tc, Pc) and acentric factor () for pure components [86] 
Compounds Formula Molecular 

weight 

CAS 

number 

Tc/K pc/MPa ω 

Carbon dioxide CO2  44.0095 124-38-9 304.21 7.383 0.22362 

n-Butane n-C4H10  58.1222 106-97-8 425.12 3.796 0.200164 

1-Butanol 1-C4H10O  74.1216 71-36-3 563.0 4.414 0.589462 

2-Butanol 2-C4H10O 74.1216 78-92-2 536.2 4.202 0.576776 

1,2-Dimethoxyethane C4H10O2 90.1210 110-71-4 536.15 3.87061 0.347486 

Ethyl acetate C4H8O2 88.1051 141-78-6 523.3 3.88 0.366409 
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We also showed that this set of parameters can accurately predict the 

phase behavior for carbon dioxide + 2-propanol system [30], which has a type I or 

type II phase diagram. It can be noticed that 2-propanol belongs to the same class 

of organic compounds as 2-butanol (secondary alcohols), but with three C atoms. 

In the present work, we used the same set, tailored for the carbon dioxide 

+ 2-butanol (2B) system, to predict the phase behavior of carbon dioxide + n-

butane (nB), + 1-butanol (1B), + 1,2-dimetoxyethane (DME), and + ethyl acetate 

(EA) binary systems and study the influence of BIP on the mixtures with organic 

compounds from different classes. The critical data and the acentric factors of the 

pure substances [86] used in the calculations are presented in Table 1, while their 

chemical structures [87] are shown in Table 2. 

 
Table 2 

Chemical structures of pure components [87] 
Compounds Chemical structure 

Carbon dioxide 

 
n-Butane 

 
1-Butanol 

 
2-Butanol 

 
1,2-Dimethoxyethane 

 
Ethyl acetate 

 

 

 The organic substances selected as the second component in the binary 

systems all have four carbon atoms and zero, one, or two oxygen atoms, 

respectively. We compare one n-alkane (n-butane), two alcohols (the position 

isomers, 1- and 2-butanol), one ester (ethyl acetate), and one di-ether (1,2-

dimethoxyethane). The critical pressures of 1-butanol and 2-butanol are very 
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similar, as are those of n-butane, ethyl acetate, and 1,2-dimethoxyethane, while 

the critical temperatures are increasing from n-butane, to ethyl acetate, 1,2-

dimethoxyethane and 2-butanol, for which they are almost identical, and up to the 

highest value of 1-butanol.  
Table 3 

Available literature critical data for CO2 (1) +n-Butane (2), + 1-Butanol (2), + 2-Butanol (2), 

+Ethyl Actetate (2), + 1,2-Dimethoxyethane (2) binary systems 

Binary 

System Trange/K Prange/MPa NEXP* Observations References 

CO2 + nB 

368.15÷418.15 4.702÷7.901 3 VLE critical curve 

Leu and 

Robinson 

[88] 

304.16÷424.92 3.790÷7.395 15 VLE critical curve 
Horstmann 

et al. [89] 

CO2 + 1B 

305.50÷329.20 7.580÷10.810 8 VLE critical curve 
Gurdial et al. 

[90] 

315.26÷427.24 8.710÷17.373 6 VLE critical curve 
Yeo et al. 

[91] 

304.25÷562.95 4.400÷7.390 19 VLE critical curve 
Ziegler et al. 

[92] 

CO2 + 2B 

304.10÷532.03 4.226÷8.290 17 VLE critical curve 
Stevens et 

al. [84] 

249.34÷251.39 1.674÷1.787 6 
LLV equilibrium 

line and UCEP 

Stevens et 

al. [84] 

335.14÷431.73 10.473÷14.023 5 VLE critical curve 

Silva-Oliver 

and Galicia-

Luna [93] 

CO2 + EA 

313.20÷393.20 8.160÷11.530 5 VLE critical curve 
Byun et al. 

[94] 

304.25÷523.45 3.880÷7.638 16 VLE critical curve 
Chester & 

Haynes [95] 

CO2 + 1,2-

DME 
333.15÷420.05 9.900÷12.870 15 VLE critical curve 

Sima et al. 

[57] 
*Number of experimental points 

 

Table 4 

Predicted UCEPs by SRK/2PCMR model (k12 = 0.020 and l12 = -0.111) 

Binary System TUCEP/K PUCEP/MPa 

CO2 + nB 188.3122 0.11687 

CO2 + 1B 275.6178 2.93557 

CO2 + 2B 252.9606 1.54910 

CO2 + EA 215.0685 0.41040 
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CO2 + 1,2-DME 217.3275 0.45158 

 

We carefully reviewed the literature for the selected binary systems and 

the available critical data are presented in Table 3. 
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Fig. 2. Comparison of P–T fluid phase diagrams for carbon dioxide (1) + 2-butanol (2) and carbon 

dioxide (1) + n-butane (2) systems. Square symbols, literature data [84, 93] and red dark tick lines, 

predictions by SRK model for CO2 + 2B. Star symbols, literature data [88, 89] and black tick lines, 

predictions by SRK model for CO2 + nB. 

 

The available experimental data from literature were compared with the 

SRK model predictions using the same BIPs for each system. We also compared 

the predicted phase behavior of each system with the reference system, carbon 

dioxide + 2-butanol. The model predicts type II phase behavior for all systems.  

Thus, the predicted phase diagram of carbon dioxide (1) + n-butane (2) 

binary mixture is compared with that of carbon dioxide (1) + 2-butanol system in 

Fig. 2. The model predicts the liquid–liquid–vapor line at very low temperatures 

and underestimates the CPM by about 8 bar for the carbon dioxide + n-butane 

system. The carbon dioxide + n-butane predicted UCEP is situated at a very low 

temperature, much lower than that of carbon dioxide + 2-butanol system. The 

coordinates of the predicted UCEPs are given in Table 4 for all studied mixtures. 

The SRK predictions for the carbon dioxide + 1-butanol system are 

compared with the carbon dioxide + 2-butanol system in Fig. 3. The model 

predicts type II phase behavior for the system containing the position isomer, 1-
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butanol, as well. The liquid–vapor predicted critical curve for the carbon dioxide 

+ 1-butanol binary system is shifted at higher temperatures compared with the 

experimental data, as can be seen in Fig. 3.  
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Fig. 3. Comparison of P–T fluid phase diagrams for carbon dioxide (1) + 2-butanol (2) and carbon 

dioxide (1) + 1-butanol (2) systems. Square symbols, literature data [84, 93] and red dark tick 

lines, predictions by SRK model for CO2 + 2B. Crossed square symbols, literature data [90-92] 

and dark green tick lines, predictions by SRK model for CO2 + 1B. 

 

The CPM is slightly underestimated, but the corresponding temperature is 

~ 14 degrees higher than the experimental one. The predicted UCEP for the 

carbon dioxide + 1-butanol system is located at a higher temperature than that of 

carbon dioxide + 2-butanol system. 

 



Phase diagram predictions for carbon dioxide + different classes of organic substances (…) 125 

0

20

40

60

80

100

120

140

160

150 200 250 300 350 400 450 500 550 600

P
/ 
b

a
r

T / K  

Fig. 4. Comparison of P–T fluid phase diagrams for carbon dioxide (1) + 2-butanol (2) and carbon 

dioxide (1) + ethyl acetate (2) systems. Square symbols, literature data [84, 93] and red dark tick 

lines, predictions by SRK model for CO2 + 2B. Circle symbols, literature data [94, 95] and light 

green tick lines, predictions by SRK model for CO2 + EA. 

 

Fig. 4 shows the comparison of carbon dioxide + 2-butanol and carbon 

dioxide + ethyl acetate binary systems. It can be noticed that the available 

experimental data are not in agreement for the carbon dioxide + ethyl acetate 

binary system, the difference in CPM being about 15 bar for the two literature sets 

[94, 95]. The SRK model prediction for the liquid–vapor curve is in agreement 

with the experimental critical pressure reported by Byun et al. [94] and with the 

critical temperatures measured by Chester et al. [95]. The temperature 

corresponding to the CPM for the carbon dioxide + ethyl acetate system is very 

well predicted and in agreement with the experimental data from Chester et al. 

[95]. The predicted UCEP for the carbon dioxide + ethyl acetate is located at a 

lower temperature than that of carbon dioxide + 2-butanol system. 

 

Finally, the predictions by SRK/2PCMR for the carbon dioxide + 1,2-

dimethoxyethane and carbon dioxide + 2-butanol binary mixtures are shown in 

Fig. 5. The liquid–vapor critical curve is remarkably well predicted for the carbon 

dioxide + 1,2-dimethoxyethane system. The predicted UCEP for carbon dioxide + 

1,2-dimethoxyethane system is at a lower temperature than that of carbon dioxide 

+ 2-butanol system.  
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Fig. 5. Comparison of P–T fluid phase diagrams for carbon dioxide (1) + 2-butanol (2) and carbon 

dioxide (1) + 1,2-dimethoxyethane (2) systems. Square symbols, literature data [84, 93] and red 

dark tick lines, predictions by SRK model for CO2 + 2B. Diamond symbols, literature data [57] 

and pink tick lines, predictions by SRK model for CO2 + DME. 

 

It can be noticed that the liquid–vapor critical curves are ranging 

increasingly from ~70 bar to ~175 bar in the order carbon dioxide + n-butane, + 

ethyl acetate, + 1,2-dimethoxyethane, + 2-butanol, and + 1-butanol, respectively. 

4. Conclusions 

The phase behavior of several binary systems containing carbon dioxide 

and an organic compound belonging to various classes (n-alkane, primary and 

secondary alcohols, di-ether, ester) was predicted using the SRK/2PCMR with a 

single set of binary interaction parameters (k12 = 0.020 and l12 = -0.111). The 

unique set of BIPs was determined for the carbon dioxide + 2-butanol system 

using the k12-l12 method and further used to successfully model the carbon dioxide 

+ n-butane, + 1-butanol, + ethyl acetate, and + 1,2-dimethoxyethane binary 

systems. 

 

Acknowledgements 

 

„The work has been funded by the Operational Programme Human Capital of the 

Ministry of European Funds through the Financial Agreement 51668/09.07.2019, 

SMIS code 124705.” 



Phase diagram predictions for carbon dioxide + different classes of organic substances (…) 127 

 

„This work was supported by a grant of Ministry of Research and Innovation, 

CNCS - UEFISCDI, project number PN-III-P4-ID-PCE-2016-0629, within 

PNCDI III”. 

R E F E R E N C E S 

[1]. U. S. E. P. Agency, "Overview of Greenhouse Gases," EPA, 2020, 

https://www.epa.gov/ghgemissions/overview-greenhouse-gases. 

[2] Global Energy Review 2020, IEA, Paris https://www.iea.org/reports/global-energy-

review2020. 

[3]. H. J. Buck, "Should carbon removal be treated as waste management? Lessons from the 

cultural history of waste," Interface Focus, vol. 10, no. 5, 2020, p. 20200010. 

[4]. M. Bui, M. Fajardy, and N. Mac Dowell, "Bio-energy with carbon capture and storage 

(BECCS): Opportunities for performance improvement," Fuel, vol. 213, 2018, pp. 164-

175 

[5]. H. H. Cho and V. Strezov, "A Comparative Review on the Environmental Impacts of 

Combustion-Based Electricity Generation Technologies," Energy & Fuels, vol. 34, no. 9, 

2020, pp. 10486-10502 

[6]. D. M. D'Alessandro, B. Smit, and J. R. Long, "Carbon Dioxide Capture: Prospects for New 

Materials," Ang. Chem. Int. Ed., vol. 49, no. 35, 2010, pp. 6058-6082 

[7]. I. G. Economou, G. M. Kontogeorgis, R. Dohrn, and J. C. de Hemptinne, "Advances in 

thermodynamics for chemical process and product design," (in English), Chem. Eng. Res. 

Des.,vol. 92, no. 12, 2014, pp. 2793-2794 

[8]. R. S. Haszeldine, "Carbon Capture and Storage: How Green Can Black Be?," Science, vol. 

325, no. 5948, 2009, pp. 1647-1652 

[9]. S.D. Kenarsari, D. Yang, G. Jiang, S. Zhang, J. Wang, A.G.  Russell, Q. Wei, M. Fan, 

"Review of recent advances in carbon dioxide separation and capture," RSC Advances, 

vol. 3, no. 45, 2013, pp. 22739-22773 

[10]. S. Peper, J. M. S. Fonseca, and R. Dohrn, "High-pressure fluid-phase equilibria: Trends, 

recent developments, and systems investigated (2009–2012)," Fluid Phase Equilib., vol. 

484, 2019, pp. 126-224 

[11]. H. Yang et al., "Progress in carbon dioxide separation and capture: A review," J. Environ. 

Sci., vol. 20, no. 1, 2008, pp. 14-27 

[12]. Z. Zhang et al., "Advances in carbon capture, utilization and storage," Appl. Energy, vol. 

278, article 115627, 2020 

[13]. R. Janzen, M. Davis, and A. Kumar, "Evaluating long-term greenhouse gas mitigation 

opportunities through carbon capture, utilization, and storage in the oil sands," Energy, 

vol. 209, article 118364, 2020 

[14]. F. Vega, F. M. Baena-Moreno, L. M. Gallego Fernández, E. Portillo, B. Navarrete, and Z. 

Zhang, "Current status of CO2 chemical absorption research applied to CCS: Towards 

full deployment at industrial scale," Appl. Energy, vol. 260, article 114313, 2020 

[15]. C. J. Quarton, S. Samsatli, "The value of hydrogen and carbon capture, storage and 

utilisation in decarbonising energy: Insights from integrated value chain optimisation," 

Appl. Energy, vol. 257, article 113936, 2020 

[16]. H. Wang et al., "Carbon recycling – An immense resource and key to a smart climate 

engineering: A survey of technologies, cost and impurity impact," Renewable and 

Sustainable Energy Reviews, vol. 131, article 110010, 2020 

https://www.iea.org/reports/global-energy-review-2020
https://www.iea.org/reports/global-energy-review-2020


128            Mihaela Ioniţă, Adrian Crişciu, Radu Racoviţă, Sergiu Sima, Catinca Secuianu 

 

[17]. F. D. Meylan, V. Moreau, and S. Erkman, "CO2 utilization in the perspective of industrial 

ecology, an overview," Journal of CO2 Utilization, vol. 12, 2015, pp. 101-108 

[18]. R. M. Cuéllar-Franca and A. Azapagic, "Carbon capture, storage and utilisation 

technologies: A critical analysis and comparison of their life cycle environmental 

impacts," Journal of CO2 Utilization, vol. 9, 2015, pp. 82-102 

[19]. S. Zhang, Y. Zhuang, L. Liu, L. Zhang, and J. Du, "Optimization-based approach for CO2 

utilization in carbon capture, utilization and storage supply chain," Computers & 

Chemical Engineering, vol. 139, article 106885, 2020 

[20]. C. Secuianu, V. Feroiu, and D. Geană, "High-Pressure Vapor-Liquid Equilibria in the 

System Carbon Dioxide and Methanol at Temperatures from 298.15 K to 323.15 K," 

Ann. W.U.T-Ser. Chem., vol. 12, no. 3, 2003, pp. 393-400 

[21]. C. Secuianu, V. Feroiu, and D. Geană, "High-Pressure Phase Equilibrium in Binary Mixtures 

of Carbon Dioxide + 1-Butanol," Sci. Technol. Env. Prot. J., vol. 10, no. 1, 2003, pp. 62-

70 

[22]. C. Secuianu, V. Feroiu, and D. Geană, "High-Pressure Vapor-Liquid Equilibria in the 

System Carbon Dioxide + 2-Butanol and Calculations with EOS methods," Sci. Technol. 

Env. Prot. J., vol. 11, no. 1, 2004, pp. 48-60 

[23]. C. Secuianu, V. Feroiu, and D. Geană, "High-Pressure Phase Equilibrium for Carbon 

Dioxide + Ethanol at 333.15 K," Sci. Technol. Environ. Prot. J., vol. 12, no. 1, 2005, pp. 

77-86 

[24]. C. Secuianu, V. Feroiu, and D. Geană, "Phase behavior for carbon dioxide + methanol 

system: experimental measurements and modeling with a cubic equation of state," Intern. 

J. Liq. State Sci., vol. 2, no. 1, 2010, pp. 1-14 

[25]. S. Sima, C. Secuianu, V. Feroiu, and D. Geană, "Phase equilibrium experiments and 

modeling for the carbon dioxide + ethanol system at high pressures," Bull. Rom. Chem. 

Eng. Soc., vol. 1, no. 1, 2014, pp. 130-138 

[26]. R. C. Racovita, S. Sima, C. Secuianu, and V. Feroiu, "Phase behavior predictions for carbon 

dioxide + isopropanol binary system with a cubic equation of state," Bull. Rom. Chem. 

Eng. Soc., vol. 4, 2017, pp. 2-13 

[27]. S. Sima, C. Secuianu, V. Feroiu, and D. Geană, "New high-pressures vapor-liquid 

equilibrium data for the carbon dioxide + 2-methyl-2-propanol binary system," Central 

European Journal of Chemistry, vol. 12, no. 9, 2014, pp. 893-900 

[28]. S. Sima, C. Secuianu, V. Feroiu, S. Ioniţă, and D. Geană, "High-pressure phase equilibria of 

carbon dioxide + 2-octanol binary system," Fluid Phase Equilibria, vol. 510, 2020, Art 

no. 112487 

[29]. S. Sima, S. Ionita, C. Secuianu, V. Feroiu, and D. Geana, "High-Pressure Phase Equilibria of 

Carbon Dioxide + 1-Octanol Binary System," Journal of Chemical and Engineering Data, 

vol. 63, no. 4, 2018, pp. 1109-1122 

[30]. S. Sima, R. C. Racovita, C. Dinca, V. Feroiu, and C. Secuianu, "Phase equilibria calculations 

for carbon dioxide + 2-propanol system," UPB Scientific Bulletin, Series B: Chemistry 

and Materials Science, vol. 79, no. 4, 2017, pp. 11-24. 

[31]. C. Secuianu, V. Feroiu, and D. Geană, "Phase behavior of the carbon dioxide + 1-dodecanol 

system at high pressures," Fluid Phase Equilibria, vol. 428, 2016, pp. 62-75 

[32]. C. Secuianu, S. Ioniţa, V. Feroiu, and D. Geana, "High pressures phase equilibria of (carbon 

dioxide + 1-undecanol) system and their potential role in carbon capture and storage," 

Journal of Chemical Thermodynamics, vol. 93, 2016, pp. 360-373 

[33]. S. Ionita, C. Secuianu, V. Feroiu, and D. Geana, "Validation of a new apparatus for 

determining high-pressures phase equilibrium of mixtures," UPB Scientific Bulletin, 

Series B: Chemistry and Materials Science, vol. 77, no. 1, 2015, pp. 31-40. 



Phase diagram predictions for carbon dioxide + different classes of organic substances (…) 129 

[34]. S. Sima, C. Secuianu, V. Feroiu, and D. Geană, "New high-pressures vapor-liquid 

equilibrium data for the carbon dioxide + 2-methyl-1-propanol (isobutanol) binary 

system," Central European Journal of Chemistry, vol. 12, no. 9, 2014, pp. 953-961 

[35]. S. Sima, S. Ionita, C. Secuianu, V. Feroiu, and D. Geana, "Fluid phase equilibria modelling 

for carbon dioxide + methanol system with cubic equations of state," Revista de Chimie, 

vol. 65, no. 3, 2014, pp. 272-279. 

[36]. C. Secuianu, J. Qian, R. Privat, and J. N. Jaubert, "Fluid phase equilibria correlation for 

carbon dioxide +1-heptanol system with cubic equations of state," Industrial and 

Engineering Chemistry Research, vol. 51, no. 34, 2012, pp. 11284-11293 

[37]. C. Secuianu, V. Feroiu, and D. Geanǎ, "Measurements and modeling of high-pressure phase 

behavior of the carbon dioxide + pentan-1-ol binary system," Journal of Chemical and 

Engineering Data, vol. 56, no. 12, 2011, pp. 5000-5007 

[38]. C. Secuianu, V. Feroiu, and D. Geana, "Phase equilibria of carbon dioxide + 1-nonanol 

system at high pressures," Journal of Supercritical Fluids, vol. 55, no. 2, 2010, pp. 653-

661 

[39]. C. Secuianu, V. Feroiu, and D. Geanǎ, "High-pressure phase equilibria in the (carbon 

dioxide + 1-hexanol) system," Journal of Chemical Thermodynamics, vol. 42, no. 10, 

2010 

[40]. C. Secuianu, V. Feroiu, and D. Geanǎ, "Phase behavior for the carbon dioxide + 2-butanol 

system: Experimental measurements and modeling with cubic equations of state," Journal 

of Chemical and Engineering Data, vol. 54, no. 5, 2009, pp. 1493-1499 

[41]. C. Secuianu, V. Feroiu, and D. Geanǎ, "Phase equilibria experiments and calculations for 

carbon dioxide + methanol binary system," Central European Journal of Chemistry, vol. 

7, no. 1, 2009, pp. 1-7 

[42]. C. Secuianu, V. Feroiu, and D. Geana, "Phase equilibria calculations for carbon dioxide + 

methanol binary mixture with the Huron-Vidal infinite dilution (HVID) mixing rules," 

Revista de Chimie, vol. 60, no. 5, 2009, pp. 472-475 

[43]. C. Secuianu, V. Feroiu, and D. Geanǎ, "High-pressure phase equilibria for the carbon 

dioxide + 1-propanol system," Journal of Chemical and Engineering Data, vol. 53, no. 10, 

2008, pp. 2444-2448 

[44]. C. Secuianu, V. Feroiu, and D. Geanǎ, "High-pressure vapor-liquid and vapor-liquid-liquid 

equilibria in the carbon dioxide + 1-heptanol system," Fluid Phase Equilibria, vol. 270, 

no. 1-2, 2008, pp. 109-115, 2008 

[45]. C. Secuianu, V. Feroiu, and D. Geanǎ, "Phase behavior for carbon dioxide + ethanol system: 

Experimental measurements and modeling with a cubic equation of state," Journal of 

Supercritical Fluids, vol. 47, no. 2, 2008, pp. 109-116, 2008 

[46]. C. Secuianu, V. Feroiu, and D. Geanǎ, "Investigation of phase equilibria in the ternary 

system carbon dioxide + 1-heptanol + n-pentadecane," Fluid Phase Equilibria, vol. 261, 

no. 1-2, 2007, pp. 337-342 

[47]. C. Secuianu, V. Feroiu, and D. Geanǎ, "High-pressure vapor-liquid equilibria in the system 

carbon dioxide + ethanol. experimental data and calculations with an equation of state," 

UPB Scientific Bulletin, Series B: Chemistry and Materials Science, vol. 66, no. 1, 2004, 

pp. 9-18 

[48]. C. Secuianu, V. Feroiu, and D. Geanǎ, "High-pressure vapour-liquid equilibria of carbon 

dioxide + 1-pentanol system: Experimental measurements and modelling," Revista de 

Chimie, vol. 58, no. 12, 2007, pp. 1176-1181. 

[49]. C. Secuianu, V. Feroiu, and D. Geanǎ, "High-Pressure Vapor−Liquid Equilibria in the 

System Carbon Dioxide + 1-Butanol at Temperatures from (293.15 to 324.15) K," 

Journal of Chemical & Engineering Data, vol. 49, no. 6,2004, pp. 1635-1638 



130            Mihaela Ioniţă, Adrian Crişciu, Radu Racoviţă, Sergiu Sima, Catinca Secuianu 

 

[50]. C. Secuianu, V. Feroiu, and D. Geanǎ, "High-pressure phase equilibria for the carbon 

dioxide + methanol and carbon dioxide + isopropanol systems," Revista de Chimie, vol. 

54, no. 11, 2003, pp. 874-879. 

[51]. C. Secuianu, V. Feroiu, and D. Geanǎ, "High-Pressure Vapor−Liquid Equilibria in the 

System Carbon Dioxide and 2-Propanol at Temperatures from 293.25 K to 323.15 K," 

Journal of Chemical & Engineering Data, vol. 48, no. 6, 2003, pp. 1384-1386 

[52]. S. Sima, J. M. Milanesio, J. I. Ramello, M. Cismondi, C. Secuianu, V. Feroiu, D. Geana, 

"The effect of the naphthenic ring on the VLE of (carbon dioxide + alkane) mixtures," 

Journal of Chemical Thermodynamics, vol. 93, 2016, pp. 374-385 

[53]. C. Secuianu, V. Feroiu, and D. Geanǎ, "Phase behavior for the carbon dioxide + N -

pentadecane binary system," Journal of Chemical and Engineering Data, vol. 55, no. 10, 

2010, pp. 4255-4259 

[54]. A. Crisciu, S. Sima, A. S. Deaconu, A. Chirila, D. Deaconu, C. Secuianu, V. Feroiu, 

"Modelling of the carbon dioxide + cyclohexane binary system with cubic equations of 

state," Revista de Chimie, vol. 67, no. 10, 2016, pp. 1984-1989. 

[55]. S. Sima, J. Cruz-Doblas, M. Cismondi, and C. Secuianu, "High-pressure phase equilibrium 

calculations for carbon dioxide + cyclopentane binary system," Central European Journal 

of Chemistry, vol. 12, no. 9, 2014, pp. 918-927 

[56]. S. Sima, R. C. Racoviţă, A. Chirilă, D. Deaconu, V. Feroiu, and C. Secuianu, "Phase 

behaviour calculations for the carbon dioxide + 1,2-dimethoxyethane binary system with 

a cubic equation of state," Studia Universitatis Babes-Bolyai Chemia, vol. 64, no. 3, 

2019, pp. 129-142 

[57]. S. Sima, C. Secuianu, and V. Feroiu, "Phase equilibria of CO2 + 1,2-dimethoxyethane at 

high-pressures," Fluid Phase Equilibria, vol. 458, 2018, pp. 47-57 

[58]. S. Sima, V. Feroiu, and D. Geană, "New high pressure vapor–liquid equilibrium data and 

density predictions for carbon dioxide+ethyl acetate system," Fluid Phase Equilibria, vol. 

325, 2012, pp. 45-52 

[59]. R. Dohrn, G. Brunner, "High-pressure fluid-phase equilibria: Experimental methods and 

systems investigated (1988–1993)," Fluid Phase Equilibria, vol. 106, no. 1, 1995, pp. 

213-282 

[60]. R. Dohrn, S. Peper, and J. M. S. Fonseca, "High-pressure fluid-phase equilibria: 

Experimental methods and systems investigated (2000–2004)," Fluid Phase Equilibria, 

vol. 288, no. 1, 2010, pp. 1-54 

[61]. J. M. S. Fonseca, R. Dohrn, and S. Peper, "High-pressure fluid-phase equilibria: 

Experimental methods and systems investigated (2005–2008)," Fluid Phase Equilibria, 

vol. 300, no. 1, 2011, pp. 1-69 

[62]. S. Peper, R. Dohrn, "Sampling from fluid mixtures under high pressure: Review, case study 

and evaluation," The Journal of Supercritical Fluids, vol. 66, 2012, pp. 2-15 

[63]. M. Christov, R. Dohrn, "High-pressure fluid phase equilibria: Experimental methods and 

systems investigated (1994–1999)," Fluid Phase Equilibria, vol. 202, no. 1, 2002, pp. 

153-218 

[64]. D. V. Nichita, C. Secuianu, "An improved reduction method for phase stability testing in the 

single-phase region," Open Chemistry, vol. 18, no. 1, 2020, pp. 1316-1322 

[65]. G. M. Kontogeorgis, R. Privat, and J. N. Jaubert, "Taking Another Look at the van der 

Waals Equation of State-Almost 150 Years Later," Journal of Chemical and Engineering 

Data, vol. 64, no. 11, 2019, pp. 4619-4637 

[66]. S. Lasala, P. Chiesa, R. Privat, and J. N. Jaubert, "Optimizing Thermodynamic Models: The 

Relevance of Molar Fraction Uncertainties," Journal of Chemical and Engineering Data, 

vol. 62, no. 2, 2017, pp. 825-832 



Phase diagram predictions for carbon dioxide + different classes of organic substances (…) 131 

[67]. R. Privat and J. N. Jaubert, "10 years with the PPR78 model: Capabilities and limitations of 

predictive cubic equations of state involving classical mixing rules," ECOS 2016 - 

Proceedings of the 29th International Conference on Efficiency, Cost, Optimisation, 

Simulation and Environmental Impact of Energy Systems, Editorial 2016. 

[68]. G. Soave, "Equilibrium constants from a modified Redlich-Kwong equation of state," Chem. 

Eng. Sci., vol. 27, no. 6, 1972, pp. 1197-1203 

[69]. J. O. Valderrama, "The State of the Cubic Equations of State," Ind. Eng. Chem. Res., vol. 42, 

no. 8, 2003, pp. 1603-1618 

[70]. I. Tsivintzelis, E. Karakatsani, and G. M. Kontogeorgis, "Costa Tsonopoulos – his legacy and 

some personal reflections on cubic equations of state and beyond," Fluid Phase Equilib., 

2020, article 112895 

[71]. E. Voutsas, K. Magoulas, and D. Tassios, "Universal Mixing Rule for Cubic Equations of 

State Applicable to Symmetric and Asymmetric Systems:  Results with the 

Peng−Robinson Equation of State," Ind. Eng. Chem. Res., vol. 43, no. 19, 2004, pp. 

6238-6246 

[72]. A. Pina-Martinez, R. Privat, J. N. Jaubert, and D. Y. Peng, "Updated versions of the 

generalized Soave α-function suitable for the Redlich-Kwong and Peng-Robinson 

equations of state," Fluid Phase Equilib., vol. 485, 2019, pp. 264-269 

[73]. M. Cismondi and J. Mollerup, "Development and application of a three-parameter RK–PR 

equation of state," Fluid Phase Equilib., vol. 232, no. 1, 2005, pp. 74-89 

[74]. R. Privat and J. N. Jaubert, "PPR78, a thermodynamic model for the prediction of petroleum 

fluidphase behaviour," in JEEP 2011 - 37th Conference on Phase Equilibria, 2011  

[75]. J. Jaubert, R. Privat, and F. Mutelet, "Predicting the phase equilibria of synthetic petroleum 

fluids with the PPR78 approach," AIChE J., vol. 56, no. 12, 2010, pp. 3225-3235 

[76]. X. Xu, J. N. Jaubert, R. Privat, P. Duchet-Suchaux, and F. Braña-Mulero, "Predicting 

Binary-Interaction Parameters of Cubic Equations of State for Petroleum Fluids 

Containing Pseudo-components," Ind. Eng. Chem. Res., vol. 54, no. 10, 2015, pp. 2816-

2824 

[77]. D. Geană, L. Rus, "Phase Equilibria Database and Calculation Program for Pure Components 

Systems and Mixtures.," Proceedings of the 14th Romanian International Conference on 

Chemistry and Chemical Engineering (RICCCE XIV) 7-10 September 2005; Bucharest, 

pp. 170-178, 2005. 

[78]. http://gpec.phasety.com. 

[79]. M. Cismondi, M. Michelsen, "Automated calculation of complete Pxy and Txy diagrams for 

binary systems," Fluid Phase Equilib., vol. 259, no. 2, 2007, pp. 228-234 

[80]. R. A. Heidemann, A. M. Khalil, "The calculation of critical points," AIChE J., vol. 26, no. 5, 

1980, pp. 769-779 

[81]. R. Stockfleth and R. Dohrn, "An algorithm for calculating critical points in multicomponent 

mixtures which can easily be implemented in existing programs to calculate phase 

equilibria," Fluid Phase Equilib., vol. 145, no. 1, 1998, pp. 43-52 

[82]. P. H. van Konynenburg, R. L. Scott, and J. S. Rowlinson, "Critical lines and phase equilibria 

in binary van der Waals mixtures," Philos. Trans. Royal Soc. London. Series A, 

Mathemat. Phys. Sci., vol. 298, no. 1442, 1980, pp. 495-540 

[83]. I. Polishuk, J. Wisniak, and H. Segura, "Simultaneous prediction of the critical and sub-

critical phase behavior in mixtures using equation of state I. Carbon dioxide-alkanols," 

Chem. Eng. Sci., vol. 56, no. 23, 2001, pp. 6485-6510 

[84]. R. M. M. Stevens, J. C. van Roermund, M. D. Jager, T. W. de Loos, and J. de Swaan Arons, 

"High-pressure vapour-liquid equilibria in the systems carbon dioxide + 2-butanol, + 2-

butyl acetate, + vinyl acetate and calculations with three EOS methods," Fluid Phase 

Equilib., vol. 138, no. 1, 1997, pp. 159-178 



132            Mihaela Ioniţă, Adrian Crişciu, Radu Racoviţă, Sergiu Sima, Catinca Secuianu 

 

[85]. R. Privat, J. N. Jaubert, "Classification of global fluid-phase equilibrium behaviors in binary 

systems," Chem. Eng. Res. Des., vol. 91, no. 10, 2013, pp. 1807-1839 

[86]. Design Institute for Physical Properties, "DIPPR Project 801 - Full Version," ed: Design 

Institute for Physical Property Research/AIChE. 

[87]. NIST, NIST Chemistry WebBook, SRD 69. [Online]. Available: 

https://webbook.nist.gov/chemistry/name-ser/#. 

[88]. A. D. Leu, D. B. Robinson, "Equilibrium phase properties of the n-butane-carbon dioxide and 

isobutane-carbon dioxide binary systems," J. Chem. Eng. Data, vol. 32, no. 4, 1987 

[89]. S. Horstmann, K. Fischer, and J. Gmehling, "Experimentelle Bestimmung von kritischen 

Punkten reiner Stoffe und binärer Mischungen mit einer Durchflußapparatur," Chem. Ing. 

Tech., vol. 71, no. 7, 1999, pp. 725-728 

[90]. G. S. Gurdial, N. R. Foster, S. L. J. Yun, and K. D. Tilly, "Phase Behavior of Supercritical 

Fluid—Entrainer Systems," in Supercritical Fluid Engineering Science, vol. 514, (ACS 

Symposium Series, no. 514): American Chemical Society, 1992, ch. 3, pp. 34-45. 

[91]. S.-D. Yeo, S.-J. Park, J.-W. Kim, and J.-C. Kim, "Critical Properties of Carbon Dioxide + 

Methanol, + Ethanol, + 1-Propanol, and + 1-Butanol," J. Chem. Eng. Data, vol. 45, no. 5, 

2000, pp. 932-935 

[92]. J. W. Ziegler, T. L. Chester, D. P. Innis, S. H. Page, and J. G. Dorsey, "Supercritical Fluid 

Flow Injection Method for Mapping Liquid—Vapor Critical Loci of Binary Mixtures 

Containing CO2" in Innovations in Supercritical Fluids, vol. 608, (ACS Symposium 

Series, no. 608): American Chemical Society, 1995, ch. 6, pp. 93-110. 

[93]. G. Silva-Oliver, L. A. Galicia-Luna, "Vapor–liquid equilibria near critical point and critical 

points for the CO2+1-butanol and CO2+2-butanol systems at temperatures from 324 to 

432 K," Fluid Phase Equilib., vol. 182, no. 1, 2001 

[94]. H.-S. Byun, M.-Y. Choi, and J.-S. Lim, "High-pressure phase behavior and modeling of 

binary mixtures for alkyl acetate in supercritical carbon dioxide," J. Supercrit. Fluids, vol. 

37, no. 3, 2006, pp. 323-332 

[95]. T. L. Chester, B. S. Haynes, "Estimation of pressure-temperature critical loci of CO2 binary 

mixtures with methyl-tert-butyl ether, ethyl acetate, methyl-ethyl ketone, dioxane and 

decane," J. Supercrit. Fluids, vol. 11, no. 1, 1997, pp. 15-20 

 

https://webbook.nist.gov/chemistry/name-ser/

