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Vapor-Liquid Equilibria of Carbon Dioxide and Propane Mixtures
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ABSTRACT: This paper presents the vapor-liquid equilibrium (VLE) data measured for car-
bon dioxide and propane mixtures. Their mixtures were considered as promising alternative
refrigerants due to good thermophysical properties and negligible environmental impact. The
isothermal VLE data were measured at eight temperatures ranging from 253.15 to 323.15K in
the circulation type equipment with a view cell. The binary system was found to be a zeo-
tropic mixture in the tested temperature range and could be correlated with sufficient accu-
racy by using the Peng-Robinson equation of state (PR EoS) with the van der Waals one
fluid mixing rule. A comparison with published experimental VLE data has been carried out
by means of the PR equation of state. In addition, the phase behaviors of carbon dioxidg and
propane mixtures were analyzed based on the measured VLE data.
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Fig. 1 A schematic diagram of the VLE measurement apparatus.
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Table 1 Comparison of thermophysical proper-
ties of propane, COz, and other refrig-

erants
Refrigerant R22 R407C R410A Propane CO,
Molar mass*, kg/kmol -86.47 8620 7259 44.10 4401
Critical Temperature *, °C 96.15 86.03 71.36 96.68 30.98
Ko 7Y OO, 19123 1969 3058 1036 97.65

Latent heat of vaporization*
(1 0°C), ki/kg 205.1 2095 2213 3747 2309

C, of liquid* (at 0°C),
kikgK

Liquid thermal conductivity *
(a0°C), WimK 0.09474 0.1004 0.1099 0.1060 0.1104

Vapor thermal conductivity *
(at 0°C), W/mK 0.00941 0.01193 0.01233 0.01575 0.01967

Liquid viscosity * (at 25°C),
<10%kg/mss 1644 1529 1213 9695 S57.05

Vapor viscosity " (at 25°C),

by 1251 12.82 1450 8271 20.16
Surface tension (31 0°C). 1001170 0.01066 0.00907 0.01013 0.00454
C,/C of vapor® (at0°C) | 1291 1242 1372 1222 2.138

Ozone Depletion Potential® | 0.05 0 0 0 0

0.6711 0.8782 0.8859 1.578 0.9449

Global Warming Potential®
(100 year) 1700 1653 1975 3 1

? From Lemmon et al.,m ® From IPCC.(Z)
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Table 2 VLE data measured for COz2 (1) and propane (2) mixtures

x P e7A‘l-3 P, exp P, exp . P exp
1exp Yiexp (kPa) X1,exp Yiexp (kPa) X1exp Viexp (kPa) X1,exp Vlexp . (kPay
7=253.15K T=293.15K
0.000 0000 2442 0455 0855 14033 | 0.000  0.000 8363 0452 0755 34493
0.016 0191 3092 0500 0866 - 14734 | 0.022 0139 9977 0477 0764  3562.1
0042 0388  407.5 0536 0875 15191 | 0.043 0240 11287 0519 0776 3756.6
0.084 0544 5560 0582  0.882 15746 | 0.083 0380 13922 0584  0.800 40357
0.170  0.693  819.9  0.657  0.895 16566 | 0.166 0532 19220 0694  0.840 44928
0279 0783 11012 0815 0924 18041 | 0206 ~ 0590 21666 0.803  0.885  4966.6
0305 0798 1161.7 0.870 0935 18481 | 0274  0.653 25739 0851 0910 51598
0385  0.834 12818 1.000  1.000 19648 | 0304 0680 27267 1.000  1.000 5723.7°
=263.15K , 0369 0711  3004.9
0.000 0.000 3447 0373 0806 16319 T=303.15K.
0.017 - 0.177  423.1 0454  0.834 18083 | 0.000  0.000 1079.6 0.450 0717 41423
0040 0327 5354 0531 0854 19634 | 0025 0.134 12605 0518 0747 44516
0.082 0498 7139 0575  0.864 20537 | 0.046 0224 14110 0599 0776 48987
0.167 0.658 10380 0648 0885 - 21733 | 0084 0339 17022 0.690  0.812 53989
0212 0708 11883 0701  0.893 22418 | 0.169 0493 23106 0708  0.816 5523.0
0274 0752 13962 0820 0918 23967 | 0213 0554 25880 0.807 0866 61115
0301 0769 14667 1000 1000 26418 | 0308  0.637 32143  0.859  0.890 64117
T=273.15K 0356  0.670 35825 1.000  1.000  7206.2
0.000 0000 4739 0451  0.808 22812 T=313.15K
10020 0.173 5823 0490  0.823 23859 | 0.000  0.000 1369.8 0369 0635 42530
0042 0302 697.1 0524 0834 24796 | 0026  0.123 15972 0409  0.655 45584
0.085 0459 903.8 0582 0844 26219 | 0043 0188 17500 0475  0.685 50247
0.165 0615 12931 0656  0.868 2788.5 | 0.085 0305 20794 0529 0707 53471
0209 0673 14716 0.699  0.880 28816 | 0.169 0461 27779 0.621 0725 5943.6
0275 0724 17370 0814 0915 3113.2 | 0211 0512 31027 0682 0748 63114
0300 0738 18180 1.000  1.000 34785 | 0286  0.584 36508 0.703  0.752 64343
0376 0781 20345 T=323.15K
T=283.15K 0.000 0000 17145 0269 0513 41269
0000 0000 6363 0368 0746 24902 | 0021  0.088 19108 0357 0575 48423
0021 0.158 771.8 0453 0775 2829.0 | 0044  0.164 21239 0416  0.602 52907
. 0.041 0265 8950 0483 0793 2942.1 | 0079  0.257 24583 0478  0.621 57375
0.081 0413 11290 0521  0.809 30688 | 0.165 0407 32304 - 0.525  0.632 60745
0.162 0577 15859 0.590  0.829 32858 | 0.204  0.455 3563.1 0.559  0.636 62813
0208  0.630 17972 0.675  0.852 35693
0273  0.687 21280 0.808  0.897 . 39654
0295 ~ 0701 22228  1.000  1.000 44978
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Table 3 Interaction parameter (ki2) and’ average
absolute percent deviation (AAD) of P

‘and v
T(K) ki AADOfP*(%) AADofy® (%)
25315 0.132 1.72 0.64
263.15  0.132 1.50 ' 0.67
27315 0.130 1.22 0.65
28315  0.131 120 0.79
293.15  0.130 0.64 0.65
30315 0.127 0.47 0.63
31315 0.132 0.29 0.64
32315 0.134 0.14 0.62

* AAD of P=(100/N)3(|Pex»— Peull/Pexp).
® AAD of y=(100/N)Z (lyeso= yeall/yexp).
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Fig. 2 VLE diagram for CO2 and propane
mixtures.
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