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ABSTRACT:  

The phase behavior of the carbon dioxide and n-hexane binary mixture was examined. The entire 

available literature was reviewed and analyzed. Despite the apparent abundance of experimental 

data – both vapor–liquid equilibrium (VLE) and critical data, there is a high degree of discrepancy 

between them. Therefore, the liquid–vapor critical line was determined up to 117.0 bar and 383.15 

K, as well as vapor–liquid equilibrium (VLE) data at different constant temperatures (313.15 to 

383.15 K) using a 60 cm3 stainless steel cell with sapphire windows connected to a gas 

chromatograph via rapid online sample injectors – ROLSI valves for accurate compositions 

detection. The new and literature data were successfully calculated with several models (General 

Equation Of State – GEOS, Peng–Robinson – PR, Soave–Redlich–Kwong – SRK), in association 

with classical van der Waals mixing rules, i.e., one- (1PCMR) and two-parameter conventional 

(2PCMR) combining rules, as well as PPR78 model. We also studied the influence of the structure 

of organic compounds (n-alkane, cycloalkane, and branched alkane – position isomer) with the 

same number of carbon atoms on the phase behavior of their corresponding binary systems at high 

pressures. 

 

1. INTRODUCTION 

Carbon dioxide (CO2) and n-hexane (n-C6H14) binary system has attracted significant attention in 

both academic and industrial research due to its interesting thermodynamic and phase 
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behavior.1,2,3,4,5,6 n-Hexane is a non-polar molecule that exhibits unique interactions with CO2, a 

polar molecule, leading to the formation of complex phase equilibria and intermolecular forces 

within the mixture. Understanding the phase behavior of these binary systems is crucial in various 

fields such as chemical, oil, and materials engineering, environmental science, extraction and 

purification processes, carbon capture and storage (CCS), process optimization, food and beverage 

processing, chemical and pharmaceutical synthesis, as well as in applications like gas extraction, 

separation processes, and enhanced oil recovery (EOR), etc.7,8,9,10,11,12,13,14 For instance, CO2 

flooding is a well-established technique in the oil and gas sector. The viscosity of crude oil is 

lowered, its mobility is improved, and it is displaced toward production wells by the injection of 

CO2, often in conjunction with n-hexane, into oil reservoirs.15,16 Enhanced sweep efficiency and 

ultimately increased oil recovery rates are a result of the CO2 + n-hexane binary system's capacity 

to modify fluid characteristics and interact with reservoir fluids. The practice of capturing carbon 

dioxide from industrial sources, such power plants and refineries, is becoming more popular as the 

emphasis on reducing greenhouse gas emissions grows.17,9 In solvent-based carbon capture 

procedures, CO2 is selectively absorbed from flue gases by use of an appropriate solvent. Because 

of its compatibility and advantageous characteristics, n-hexane can increase the solvent's capacity 

to absorb CO2, making it easier to separate and store or use the CO2 that has been captured. The 

extraction and purification of natural products, such as essential oils, flavors, and fragrances, is 

one common use. Supercritical CO2 extraction provides a clean and effective way to extract 

valuable compounds from raw materials such as plants, seeds, and biomass. It is frequently aided 

with n-hexane as a co-solvent. This binary system's variable solvating power minimizes the 

extraction of undesirable components while enabling the selective extraction of target 

compounds.18 In the production of food and beverages, CO2 and n-hexane binary systems are used 

for decaffeination, flavors, and fragrance extraction, and the elimination of unwanted substances 

including pesticides and pollutants. When needed, n-hexane can help with CO2 extraction, which 

is a safe and effective way to extract high-quality food ingredients without sacrificing the integrity 

of the final product or leaving behind leftover solvents.19,20 CO2 and n-hexane binary systems are 

used as reaction media or solvents in a variety of synthesis processes in the chemical and 

pharmaceutical sectors. A green and adaptable solvent solution for catalytic reactions, 

polymerizations, and particle formation processes is provided by supercritical CO2, which is 

frequently mixed with n-hexane. This binary system's special solvation characteristics allow for 
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exact control over reaction parameters, product selectivity, and particle shape, which improves 

both process effectiveness and product quality.21,22 

The phase behavior (vapor–liquid equilibrium, VLE) of the carbon dioxide + n-hexane binary 

system was investigated in many papers, as can be seen in Table 1. It can be remarked that this 

system is often used as a model for validating new installations, and from the multitude of data 

reported at 313 K, seven isotherms belong to the same group.23-27 Also, many authors report only 

the composition of the liquid phase (x) and the VLE data (p-x, y) reported by refs.28, 29 are identical, 

except for temperatures (313 vs 313.15 K). Both references are in Chinese and we accessed the 

data reported by Yu et al.29 via DETHERM database.30 In Table 1 are not mentioned the data 

measured by Han et al.31, which are presented only graphically, those reported by King and Al-

Najjar32 at atmospheric pressure, and the isopleths measured by Choi et al.33 

The critical behavior of the carbon dioxide + n-hexane system was also investigated by several 

groups, some of which are the critical points corresponding to the isotherms or isopleths 

measured28, 29, 33, some are dedicated to the measurement of critical liquid–vapor line.34,35,36,37,38 It 

is worth noting that the critical composition is reported only by Liu et al.38 and Gurdial et al.37 in 

the critical behavior dedicated studies, while the data presented in “Table I” by Leder and Irani36 

for “CO2 + n-hexane” are in fact for CO2 + cyclohexane, and the correct data are labelled as “CO2 

+ hexane” in the same table. Also, the critical data presented in “Table 1” by Sun et al.39 are in 

fact the citation of those published by Zhu et al.28, and they are the same in the paper authored by 

Yu et al.29  

An important study from 1971 is presented by Im and Kurata40 who established that the carbon 

dioxide + n-hexane system belongs to what was defined later as type II phase behavior by van 

Konynenburg and Scott,41 which encompasses two critical curves, one liquid–vapor (LV) joining 

the critical points of the pure components, the other one liquid–liquid (LL) which crosses with the 

equilibrium line of the three liquid–liquid–vapor (LLV) phases in an upper critical endpoint 

(UCEP). They measured the solid–liquid–vapor equilibrium curve up to an eutectic point of 176.7 

K and estimated the temperature of the UCEP to be 213.7 K.40 

We analyzed all available literature data, and we noticed that there is a high degree of scattering, 

sometimes even for measurements reported by the same group. One example is provided in Figure 

1, where we compare all isotherms measured at about 313 K, and the liquid phase compositions 
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are really spread, but the observation is valid for most temperatures. Although the figure is very 

loaded, it can be easily observed that the difference in the composition of the liquid phase at the 

same pressure is sometimes greater than 0.4. We compared all VLE literature data in Figures 1S.-

9S. (Supporting information – SI), in which we grouped the experimental data based on the number 

of sets measured at a given temperature (238 – 278 K, 283 – 293 K, 298 K, 303 K, 308 K, 318 – 

328 K, 333 K, 353 K, 373 – 393 K). Overall, it seems that the highest differences can be observed 

in the liquid compositions at 273 K (Figure 1S: the data from ref.42 are not in agreement with those 

of ref.43, which seem more reliable based on the comparison at all temperatures), 283 K (Figure 

2S: the data comes from the same research groups as for the previous temperature and the same 

observation applies), 298 K (Figure 3S: the data from refs.42, 44 do not agree with the other ones), 

313 K (Figure 1, the data from refs.28, 29 are identical and very far from all other data, while the 

data reported by refs. 44-47 seem to not agree with those reported by the other research groups), 323 

K (Figure 6S: the data from refs.45, 48 are not in agreement with the other ones), 333 K (Figure 

7S: the data from Zhu et al.28 and Yu et al.29 are identical and the difference in the liquid phase 

composition is higher than 0.4 at the same pressure compared with the other measurements at the 

same temperature; the data from Liu et al.45 and Yang et al.48 seem to agree each other, but they 

disagree with those reported by Leal et al.47), 353 K (Figure 8S: the same comment as for the 

previous temperature applies for the data from refs.28, 29, while the data from Leal et al.47 and Gui 

et al.46 seem to be slightly off), and 373 K (Figure 9S: data from the same groups as for the 

previous temperature do not agree with those of Li et al.49). In summary, if we compare the VLE 

data all together, some isotherms deviate severely compared to most of the others (i.e., Zhu et al.28 

and Yu et al.29, Gainar42), while other show smaller deviations (Ohgaki and Katayama44, Gui et 

al.46, Leal et al.47, Koller et al.15, and Liu et al.45). However, it is difficult to decide whether the 

purity of substances or the experimental errors could cause such differences. Moreover, some 

authors do not report the purity of substances used (e.g., Zhu et al.28). 

Regarding the liquid–vapor critical available data, the same spread can be observed among diverse 

research groups, which could be explained by different methods used. 

In this context, we report eight new isotherms ranging from 313.15 K to 383.15 K and the critical 

compositions, pressures, and temperatures up to the critical pressure maximum (CPM) of the 

liquid–vapor critical curve.  
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Table 1. Literature phase behavior for CO2 (1) + n-hexane (2) binary system 

T/K prange/bar Nexp Type Methoda Reference 

238.15 2.0265 ÷ 10.132 9 p – x N.A.a Shenderei & Ivanovskii, 196450 

273.15 10.66 ÷ 31.52 6 p – x SynTX Kaminishi et al., 198743 

273.16 5.68 ÷ 37.43 8 p – x AnTCapX Gainar, 200342 

278.16 8.13 ÷ 44.0 5 p – x AnTCapX Gainar, 200342 

283.15 12.41 ÷ 40.05 6 p – x SynTX Kaminishi et al., 198743 

283.16 12.54 ÷ 41.45 5 p – x AnTCapX Gainar, 200342 

288.16 9.99 ÷ 44.78 6 p – x AnTCapX Gainar, 200342 

293.15 17.0 ÷ 52.7 8 p – x AnTVisVarX Nemati Lay et al., 200651 

293.15 32.8 ÷ 50.7 5 p – x SynVisX Nemati Lay, 201052 

298.15 4.437 ÷ 52.057 10 p – x, y AnTBlo Ohgaki & Katayama, 197644 

298.15 15.28 ÷ 55.37 6 p – x SynTX Kaminishi et al., 198743 

298.15 17.0 ÷ 57.8 9 p – x AnTVisVarX Nemati Lay et al., 200651 

298.15 35.1 ÷ 55.5 5 p – x SynVisX Nemati Lay, 201052 

298.15 9.5 ÷ 46.8 10 p – x SynVisVarX Gao et al., 202153 

298.16 7.05 ÷ 52.33 9 p – x AnTCapX Gainar, 200342 

303.09 22.01 ÷ 69.82 11 p – x, y AnTCapValVis Williams-Wynn et al., 201627 

303.15 20.24 ÷ 67.46 7 p – x, y AnTCap Wagner & Wichterle, 198754 

303.15 19.3531 ÷ 67.1785 8 p – x, y N.A.a Chen & Chen, 199255 

303.15 16.19 ÷ 61.09 6 p – x SynTX Kaminishi et al., 198743 

303.15 38.3 ÷ 61.5 5 p – x SynVisX Nemati Lay, 201052 

303.15 0.249 ÷ 50.112 5 p – x SynTVisX Koller et al., 201915 

303.17 24.11 ÷ 61.64 4 p – x SynVisVarX Williams-Wynn et al., 201627 

308.15 62.9 1 p – x N.A.a Tolley, 199056 

308.15 17.0 ÷ 73.1 12 p – x AnTVisVarX Nemati Lay et al., 200651 

308.15 40.6 ÷ 66.5 5 p – x SynVisX Nemati Lay, 201052 

308.15 34.7 ÷ 68.0 5 p – x AnTVisVarX Yang et al., 201248 

313.00 21.5 ÷ 75 7 p – x, y N.A.b Zhu et al., 200628 

313.12 11.0 ÷ 76.94 12 p – x, y AnTCapValVis Williams-Wynn et al., 201627 

313.15 6.3196 ÷ 76.574 10 p – x, y AnTBlo Ohgaki & Katayama, 197644 

313.15 7.79 ÷ 74.81 10 p – x, y AnTVal Li et al., 198149 

313.15 20.84 ÷ 78.66 10 p – x, y AnTCap Wagner & Wichterle, 198754 

313.15 62.9 ÷ 75.0 2 p – x N.A.a Tolley, 199056 

313.15 21.50 ÷ 75.0 7 p – x,y N.A.a Yu et al., 200629 
313.15 43.5 ÷ 73.1 5 p – x SynVisX Nemati Lay, 201052 

313.15 27.1 ÷ 75.7 8 p – x, y AnTLcirVcirValChro Liu et al., 202245 

313.15 0.375 ÷ 80.21 14 p – x, y AnTCapValVis Nelson et al., 202123 

313.15 9.3 ÷ 68.3 10 p – x, y AnTLcirVcirValChro Gui et al., 201746 

313.15 28.1 ÷ 72.5 9 p – x AnTCapValVisVarX Nelson & Ramjugernath, 201726 

313.15 9.25 ÷ 77.72 8 p – x, y AnTCapValVisVarX Hassanalizadeh et al., 201924 

313.17 30.0 ÷ 66.3 5 p – x SynVisX Hassanalizadeh et al., 201924 

313.20 17.1 ÷ 63.0 4 p – x SynVisX Leal et al., 201847 

313.21 26.5 ÷ 73.65 4 p – x SynVisVarX Williams-Wynn et al., 201627 

313.21 3.45 ÷ 28.02 19 p – x SynVisX Ebrahiminejadhasanabadi et al., 201825 

313.50 20.3663 ÷ 78.2229 8 p – x, y N.A.a Chen & Chen, 199255 

318.15 36.2 ÷ 73.2 5 p – x AnTVisVarX Yang et al., 201248 

318.15 80.5 1 p – y SynVisVar Wang et al., 200557 

318.15 81.1 ÷82.5 2 p – x SynVisVar Wang et al., 200557 
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Table 1. Literature phase behavior for CO2 (1) + n-hexane (2) binary system (continued) 

323.05 14.05 ÷ 83.34 10 p – x, y AnTCapValVis Williams-Wynn et al., 201627 

323.15 18.64 ÷ 84.94 9 p – x, y AnTCap Wagner & Wichterle, 198754 

323.15 18.2385 ÷ 84.6064 9 p – x, y N.A.a Chen & Chen, 199255 

323.15 72.2 ÷ 86.3 5 p – y SynVisVarY Wang et al., 200658 

323.15 37.4 ÷ 80.0 6 p – x AnTVisVarX Yang et al., 201248 

323.15 25.2 ÷ 83.7 8 p – x, y AnTLcirVcirValChro Liu et al., 202245 

323.23 29.13 ÷ 86.17 4 p – x SynVisVarX Williams-Wynn et al., 201627 

328.00 73.1 ÷ 89.3 5 p – y SynVisY Shi et al., 201559 

328.15 72.2 ÷ 89.5 5 p – y SynVisVarY Wang et al., 200658 

333.00 21.5 ÷88.7 7 p – x, y N.A.b Zhu et al., 200628 

333.15 21.5 ÷88.7 7 p – x,y N.A.a Yu et al., 200629 
333.15 80.8 ÷ 92.5 4 p – y SynVisVarY Wang et al., 200658 

333.15 38.0 ÷ 86.7 6 p – x AnTVisVarX Yang et al., 201248 

333.15 23.9 ÷ 94.0 8 p – x, y AnTLcirVcirValChro Liu et al., 202245 

333.20 21.2 ÷ 84.9 4 p – x SynVisX Leal et al., 201847 

343.15 29.7 ÷ 110.3 8 p – x, y AnTLcirVcirValChro Liu et al., 202245 

353.00 31.6 ÷110.0 8 p – x, y N.A.b Zhu et al., 200628 

353.15 31.6 ÷110.0 8 p – x, y N.A.a Yu et al., 200629 
353.15 8.62 ÷ 106.59 14 p – x, y AnTVal Li et al., 198149 

353.15 16.5 ÷ 98.7 9 p – x SynVisVarX Gao et al., 202153 

353.15 15.6 ÷ 105.8 11 p – x, y AnTLcirVcirValChro Gui et al., 201746 

353.20 25.5 ÷ 105.4 4 p – x SynVisX Leal et al., 201847 

373.00 42.1 ÷126.3 5 p – x, y N.A.b Zhu et al., 200628 

373.15 42.1 ÷126.3 6 p – x, y N.A.a Yu et al., 200629 
373.20 29.8 ÷ 113.1 4 p – x SynVisX Leal et al., 201847 

393.15 8.96 ÷ 115.97 15 p – x, y AnTVal Li et al., 198149 

393.20 34.0 ÷ 103.1 3 p – x SynVisX Leal et al., 201847 

393.20 114.5 1 p – y SynVisY Leal et al., 201847 

N.A. – Not available; aExperimental data collected from Detherm database30; bin Chinese. 

 

The new and literature data were also modeled. Firstly, we correlated all the vapor–liquid 

equilibrium – VLE experimental data for the carbon dioxide + n-hexane system with the models 

General Equation Of State – GEOS,60,61,62 Peng–Robinson – PR63, and Soave–Redlich–Kwong – 

SRK64 in association with classical van der Waals mixing rules, i.e., one- and two-parameter 

conventional combining rules (1PCMR and 2PCMR). We also used PPR7865,66,67,68 model. The 

influence of pure components parameters (critical data and acentric factor) from various database 

(DIPPR,69 Poling et al., 2000,70 Reid et al., 198771) was checked as well. We then modeled the 

system, including the critical curves, with unique sets of binary interaction parameters for each 

equation of state that we obtained through a strategy similar to the one we used recently.72,73 

Furthermore, we compared different binary systems containing carbon dioxide and C6 compounds 
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(n-alkane, cycloalkane, branched alkane), as they could be used in carbon capture and storage 

(CCS) applications.74,75 

 

Figure 1. Comparison of literature vapor–liquid equilibrium data at 313 K.  
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2. EXPERIMENTAL SECTION 

2.1. Materials 

Both CO2 and n-hexane used in the experimental determinations (VLE, and critical LV curve) 

were of very high purity and therefore employed without supplementary purification. However, 

the purities reported by the manufacturers (Table 2) were confirmed by GC analysis for both 

components.  

Table 2. Purities and manufacturers of substances used in this work. 

Compound Purity Manufacturer 

Carbon dioxide Min. 99.9995% (mole fraction) Linde  

n-Hexane  ReagentPlus®, ≥99% (mass fraction) Sigma-Aldrich 

 

2.2. Apparatus and Procedure 

The carbon dioxide + n-hexane binary system was examined in the same high-pressure installation 

as described precisely in our previous publications,73, 76 utilizing identical procedures for VLE and 

critical curve measurements. In brief, the setup includes a 60 cm3 stainless steel visual cell with 

two sapphire windows, two ROLSI77 valves, a gas chromatograph, a high-pressure Teledyne Isco 

syringe pump, vacuum pump, etc. The isotherms were recorded using the method named 

“AnTVisVarCap” by Dohrn and co-workers,1,2,3,4,78,5,6 while the critical curve measurement 

procedure used is denoted by the same authors as “AnTVisVarCapPcTc”. The uncertainties of the 

platinum probe and of pressure are assessed to be within ± 0.1 K and ± 0.015 MPa for a pressure 

span between (0.5 and 20) MPa respectively. 
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3. RESULTS AND DISCUSSION 

3.1. Experimental Data 

Pressure-phase compositions (liquid and vapor) data measured at eight constant temperatures 

(313.15, 323.15, 333.15. 343.15, 353.15, 363.15, 373.15, and 383.15 K) and pressures up to 117 

bar are given in Table 3, while the new experimental critical curve is provided in Table 4, both 

together with their standard uncertainties. The new isothermal data are depicted in Figure 2 and 

compared with corresponding literature data in Figures 3-8 and, generally, the new data are in 

good agreement with those data that are already in good correspondence, as we explained in the 

Introduction (i.e., except for the data published by refs.45, 47). Two isotherms (363.15 and 383.15 

K) are for the first time measured. 

 

 

Figure 2. Isothermal VLE data measured at eight temperatures. 
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Table 3. Mole fractions of component 1 in the liquid (x1) and vapor (y1) phases, at various 

temperatures (T), and pressures (P), for the binary system carbon dioxide (1) + n-hexane (2). 

P/bar x1 y1 P/bar x1 y1 

T/K = 313.15 ± 0.1 

11.6 0.1263 0.9571 61.2 0.7261 0.9852 

24.7 0.2738 0.9751 71.8 0.8742 0.9818 

36.8 0.4016 0.9809 80.1 0.9691 0.9691 

50.7 0.5852 0.9845    

T/K = 323.15 ± 0.1 

13.0 0.1217 0.9435 66.3 0.6695 0.9803 

23.1 0.2112 0.9651 76.7 0.8008 0.9751 

34.8 0.3270 0.9756 84.1 0.8895 0.9608 

45.0 0.4345 0.9808 87.1 0.9424 0.9424 

55.9 0.5487 0.9813    

T/K = 333.15 ± 0.1 

9.9 0.0884 0.9124 62.5 0.5456 0.9751 

22.6 0.1939 0.9544 73.0 0.6541 0.9726 

32.1 0.2709 0.9658 82.2 0.7653 0.9667 

42.4 0.3605 0.9724 92.7 0.8851 0.9479 

52.1 0.4538 0.9736 93.9 0.9218 0.9218 

T/K = 343.15 ± 0.1 

9.3 0.0744 0.8709 60.8 0.4819 0.9627 

20.2 0.1533 0.9342 70.2 0.5538 0.9634 

21.7 0.1623 0.9372 80.4 0.6393 0.9604 

30.5 0.2337 0.9521 90.6 0.7285 0.9507 

40.4 0.3086 0.9596 99.3 0.8254 0.9252 

50.4 0.3937 0.9619 100.7 0.8972 0.8972 

T/K = 353.15 ± 0.1 

12.9 0.0964 0.8802 71.1 0.5148 0.9472 

22.9 0.1613 0.9105 81.3 0.5842 0.9424 

31.4 0.2215 0.9309 92.0 0.6635 0.9325 

41.4 0.2879 0.9402 101.7 0.7420 0.9172 

51.3 0.3655 0.9438 106.0 0.8003 0.8985 

61.2 0.4404 0.9459 106.9 0.8760 0.8760 

T/K = 363.15 ± 0.1 

12.1 0.0789 0.8017 80.2 0.5304 0.9262 

22.2 0.1416 0.8888 85.6 0.5636 0.9218 

30.7 0.1997 0.9085 90.9 0.6017 0.9159 

40.4 0.2652 0.9200 97.5 0.6486 0.9062 

50.4 0.3309 0.9277 100.9 0.6761 0.8979 

60.7 0.3946 0.9304 109.7 0.7692 0.8746 

70.8 0.4652 0.9294 112.9 0.8489 0.8489 

T/K = 373.15 ± 0.1 

10.6 0.0621 0.7564 70.5 0.4349 0.9108 

21.1 0.1252 0.8593 80.8 0.4922 0.9105 

30.5 0.1843 0.8844 90.5 0.5574 0.9034 
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40.3 0.2493 0.8964 100.7 0.6243 0.8806 

50.5 0.3073 0.9044 112.8 0.7353 0.8484 

60.8 0.3722 0.9093 115.9 0.8234 0.8234 

T/K = 383.15 ± 0.1 

8.5 0.0394 0.6017 75.3 0.4343 0.8912 

17.8 0.0925 0.7955 85.5 0.5000 0.8882 

26.9 0.1462 0.8474 95.1 0.5625 0.8774 

37.2 0.2136 0.8698 105.4 0.6308 0.8562 

45.8 0.2678 0.8792 110.7 0.6804 0.8376 

55.6 0.3196 0.8881 115.3 0.7345 0.8168 

64.8 0.3702 0.8928 117.0 0.7904 0.7904 

Standard uncertainties: u(T) = 0.1 K, u(p) = 0.1 bar, u(x1) = 0.001, u(y1) = 0.005. 

 

Table 3. Vapor-liquid critical curve for CO2 (1) + n-hexane (2) 

T/K P/bar x1 T/K P/bar x1 

304.21a 73.83a 1.0000 346.55 102.9 0.8892 

312.85 79.6 0.9699 350.55 105.1 0.8818 

313.15 80.1 0.9691 352.25 106.5 0.8766 

316.65 82.3 0.9596 353.15 106.9 0.8760 

322.65 86.8 0.9432 360.95 111.7 0.8548 

323.15 87.1 0.9424 362.65 112.5 0.8496 

326.75 89.8 0.9337 363.15 112.9 0.8489 

333.15 93.9 0.9218 366.15 114.3 0.8393 

336.05 95.9 0.9165 367.85 114.9 0.8347 

342.75 100.5 0.8980 373.15 115.9 0.8234 

343.15 100.7 0.8972 383.15 117.0 0.7904 

344.85 101.7 0.8941 507.60a 30.25a 0.0000 

Standard uncertainties: u(T) = 0.5 K, u(P) = 0.2 bar, u(x1) = 0.005; aDIPPR database values69. 
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Figure 3. Comparison of new and literature VLE data at 313 K with model results. 
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Figure 4. Comparison of new and literature VLE data at 323 K with model results. 

 

0

10

20

30

40

50

60

70

80

90

100

0,0 0,2 0,4 0,6 0,8 1,0

P
/b

a
r

Mole fractions of CO2

T = 323.15 K [This work]

T = 323.15 K [Wagner & Wichterle, 1987]

T = 323.15 K [Chen & Chen, 1992]

T = 323.15 K [Wang et al., 2006]

T = 323.15 K [Yang et al., 2012]

T = 323.05 K {Williams-Wynn, 2016]

T = 323.23 K [Williams-Wynn et al., 2016]

T = 323.15 K [Liu et al., 2022]

GEOS (0.088; 0.042)

PR (0.088; 0.026)

SRK (0.088; 0.013)



14 

 

 

Figure 5. Comparison of new and literature VLE data at 333 K with model results. 
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Figure 6. Comparison of new and literature VLE data at 343 K with model results. 
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Figure 7. Comparison of new and literature VLE data at 353 K with model results. 
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Figure 8. Comparison of new and literature VLE data at 373 K with model results. 
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where “exp” stands for experimental and “calc” for calculated. 

The correlations by GEOS, PR, and SRK/2PCMR for the new isothermal experimental data are 

shown in Figure 10S and the calculations by all three models almost overlap. However, as 

temperature increases the critical point is slightly overestimated by PR and SRK and 

underestimated by GEOS. Consequently, the calculated vapor compositions present higher errors. 

 

Figure 9. AADP, % as function of temperatures for correlation with GEOS, PR, and 

SRK/2PCMR. 

 

Table 4. Pure component properties69. 
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In recent studies,72,73,76,79,80,81,82 we examined the influence of critical data and acentric factors of 

pure components from various sources on the phase behavior calculation of the binary system and 

we concluded that they can contribute or not to better correlations, depending on the system. 

Moreover, we observed that other authors mix these data (e.g., Table 7 in ref83) to obtain better 

modeling results. Our calculations showed that for the carbon dioxide + n-hexane binary system, 

as for CO2 + 2,4-dimethylpentane system,76 there are not significant differences when using critical 

data and acentric factors for pure compounds from different database. Therefore, we show the 

results using the pure compounds critical data and acentric factors (Table 4) from DIPPR 

database,69 as recommended by other authors.68,84 

Recently,72, 85 we showed that it is possible to model a binary system with good results using binary 

interaction parameters determined for another system. Thus, the binary interaction parameters 

(BIPs) determined by k12-l12 method75,86 for the carbon dioxide + 2-butanol binary system with the 

same three cubic equations of state were used to predict the phase behavior of various binary 

systems containing CO2 and as second component substances with four carbon atoms (i.e., n-

butane, 1-butanol, 1,2-dimethoxyethane, ethyl acetate, 1,4-dioxane). Therefore, the next step in 

our modeling strategy was to model the carbon dioxide + n-hexane system with the BIPs 

determined for the carbon dioxide + 1-hexanol system (k12 = 0.088; l12 = –0.033). However, the 

difference between the calculated critical pressure maximum and the experimental one ranged 

from about 4 to 14 bar, the smallest deviation being obtained with SRK model (Figure 11S). This 

behavior is not surprising as alcohols are self-associating compounds. Consequently, we 

customized these BIPs for each model in order to reproduce as best as possible the critical pressure 

maximum using a trial-and-error procedure. The new BIPs for each model are given in Table 5. 

While the first binary interaction parameter (k12) is less sensitive, the second one (l12) influenced 

the displacement of CPM. All three models predict type II phase behavior with the BIPs given in 

Table 5. The new experimental and literature critical data are compared with the results of the 

three models in Figure 10. Some disagreement between the experimental data from the literature 

can be noticed. We also added to the same figure the calculation results with the PPR78 model. It 

can be observed that PPR78 model behaves similarly to GEOS, PR, and SRK, and critical pressure 

maximum is less than 1 bar higher than the experimental one (117.0 bar) for all models. The 

difference between model results is the location of the corresponding critical temperature which is 

shifted to the right in the order PPR78<PR<SRK, while GEOS is almost the same with the 
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experimental one (383.15 K). The predicted critical pressures maximum and corresponding 

temperatures are also given in Table 5.  

 

Table 5. Binary interaction parameters and the pressures and temperatures of CPM. 

EoS/Mixing rule k12 l12 CPM 

Tc/K Pc/bar 

GEOS/2PCMR 0.088 0.042 383.00 117.49 

PR/2PCMR 0.088 0.026 388.77 117.62 

SRK/2PCMR 0.088 0.013 390.44 117.63 

PPR78 f(T) - 384.39 117.75 

 

 

Figure 10. P–T fluid phase diagram of the carbon dioxide (1) + n-hexane (2) system. 
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thermodynamic models used (at very low temperatures, i.e., ~205 K). The pressure-composition 

and temperature-composition projections of the liquid–vapor curve are shown in Figures 11 and 

12. The experimental literature compositions, as previously mentioned, are available only from 

Choi et al.33 and Liu et al.38 SRK and PR, followed by PPR78 and GEOS reproduce well the new 

critical data in both projections, as well as the data of Liu et al.38 in the temperature-composition 

projection of the liquid–vapor critical curve. The calculation results by GEOS, PR, and SRK with 

the unique sets of BIPs from Table 5 are shown in Figures 3-8 and 12S-19S respectively, covering 

both new and all literature data. Detailed comparisons of GEOS, PR, and SRK calculations with 

these sets of parameters, as well as correlations are presented for the new data in Figures 20S-26S.  

 

 

Figure 11. P– X1 projection of the LV critical curve of the carbon dioxide (1) + n-hexane (2) 

system. 
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When we assess the three models (Figures 20S-23S) using the sets of BIPs given in Table 5, it 

can be seen that the differences are small and the experimental data are better predicted by GEOS, 

followed by PR and SRK. When we compare the correlation and prediction results with a single 

set of parameters (Figures 24S-26S), the variations between the models are also small, but GEOS 

reproduces the critical points better. 

 

 

Figure 12. T– X1 projection of the LV critical curve of the carbon dioxide (1) + n-hexane (2) 

system. 
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curve. Also, it can be noticed that the cycloalkane is more soluble than the n-alkane.75 In regards 

to the model calculations, we used parameters determined for CO2 + n-hexane (k12 = 0.086; l12 = 

0.026) to calculate the critical behavior of the CO2 + cyclohexane system, we also illustrated the 

results of PR modeling with parameters k12 = 0.1251 and l12 = -0.0276 determined specifically in 

another work87 for CO2 + cyclohexane, as well as with parameters k12 = 0.1162 and l12 = 0.0018 

determined by Sima et al.75 for CO2 + n-hexane using a special objective function. The modeling 

results are very good for both systems when using parameters tuned for the other system and vice 

versa, indicating that for these types of systems preliminary modeling can be achieved if 

experimental data are not available.  

 

 

Figure 13. P–T fluid phase diagram of the carbon dioxide (1) + n-hexane (2) and carbon 

dioxide (1) + cyclohexane (2) systems. The experimental data for CO2 + CyC6 are from Leder 

and Irani36, Sorina30, Krivchevskii and Sorina30, Zhang et al., 200588, and Zhang et al., 2002.30 
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On the other hand, we tested the same sets of parameters for the carbon dioxide (1) + 2,3-

dimethylbutane (2,3-DMB) – the position isomer for n-hexane, and in this case the results are not 

as good as for the cycloalkane, the difference in critical maximum pressure is –5 or –6 bar, 

compared to the experimental one.89 A possible explanation is the structure of the branched alkane 

and the interactions it exhibits at high pressures with CO2.  
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CONCLUSIONS 

New vapor–liquid equilibrium data are reported at eight temperatures ranging from 313.15 K to 

383.15 K as well as the liquid-vapor critical curve up to 117 bar and 383.15 K. The new data agree 

with the majority of already published ones. The available experimental literature data was 

reviewed and analyzed. Although apparently the availability of experimental data for this system 

is very good, it can be noticed a high degree of scatter. The system was successfully modeled with 

several thermodynamic models (GEOS, PR, SRK, and PPR78) using both correlations and a semi-

predictive strategy. The critical data and acentric factors of pure components are similar in various 

database and they do not affect noticeably the phase behavior of their binary system. The influence 

of the organic compounds (n-alkane – cycloalkane – branched alkane) with the same number of 

carbon atoms (6) on the phase behavior of the binary systems was also discussed. For CCS 

applications, it seems that the carbon dioxide + cyclohexane binary system presents the best 

potential, followed by the carbon dioxide + n-hexane and finally by carbon dioxide + 2,3-

dimethylbutane. 
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