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Investigation of vapor-liquid equilibrium of HFC-32/143a
and HFC-148a/134a systems
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Abstract

Vapor-liquid equilibrium apparatus is designed and set up. The equilibrium data of two
binary systems, HFC-32/143a and HFC-143a/134a, are measured. Fifteen equilibrium data
for HFC-32/143a and HFC-143a/134a systems are measured over the temperature range
263.15~283.15K at 10K interval and the composition range 0.10~0.80, respectively.

And vapor-liquid equilibrium data are calculated using equation of state and correlation
of activity coefficient and compared with the present data. Equation of state is used CSD
and RKS equations and correlation of activity coefficient is used Margules’ and Van Ness
and Abbott’s correlations.

Real behavior of HFC-32/143a system has very large deviation with Raoult’s rule which
is ideal behavior. But real behavior of HFC-143a/134a system is similar to ideal behavior.

The calculated data from CSD equation are compared with the data in the open litera-
tures and the calculated data from REFPROP. In the results for REFPROP, the relative
deviations of bubble point pressure for HFC-32/143a system are within -2.16~-0.84% for
CSD equation and within -0.20~1.10% for RKS equation. And the relative deviations of
bubble point pressure for HFC-143a/134a system are within -0.45~0.12% and -0.20~
2.8% for CSD and RKS equations, respectively.
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Table 1 Vapor-liquid equilibrium data for
HFC-32/143a system
TK) | PPa) Mole' fr.action of HFC-32
Liquid Vapor
4474 0.0821 0.1119
4944 0.1617 0.2084
263.15 524.1 0.2938 0.3513
545.5 0.4189 0.4798
565.1 0.5664 0.6112
663.7 0.1009 0.1241
679.7 0.1646 0.2094
273.15 721.8 0.2849 0.3514
753.8 0.4162 0.4822
782.9 0.5653 0.6125
895.9 0.1017 0.1334
922.8 0.1645 0.2122
283.15 970.8 0.28%4 0.3524
1,015.1 0.4197 0.4810
1,056.3 0.5564 0.6119
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Fig.2 Vapor-liquid equilibrium for HFC-32/
143a system from equation of state
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Table 2 Vapor-liquid equilibrium data for
HFC-143a/134a system

HFC-32/143a%} HFC-143a/134aA)8] 7]- 4448 dgo} o8 47

TK) | P&Pa) Mole' frafction of HFC-143a
Liquid Vapor
2498 0.1999 0.3449
2874 0.3629 0.539%6
26315 | 3270 0.5208 0.6878
360.0 0.6520 0.7796
3959 0.7957 0.8811
350.5 0.1781 0.2745
397.1 0.3219 0.4566
27315 | 446.1 0.4779 0.6171
506.8 0.6642 0.7720
5542 0.7946 0.8721
482.1 0.1644 0.2654
560.3 0.3602 0.5018
28315 | 6276 0.5171 0.6516
688.6 0.6606 0.7694
755.8 0.8116 0.8768
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Fig.3 Vapor-liquid equilibrium data for
HFC-143a/134a system from equation
of state
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Fig.4 Binary interaction parameters of CSD
and RKS equations for HFC-32/143a
system
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Table 3 Average deviations between calculated
and measured data for HFC-32/143a
and HFC-143a/134a systems from
equation of state

Equation of RMS
state APous” | 4Py dy y(%)
(kPa) | (%)
HFC-32/143a system
CSD 38055 | 052 }0.0104| 564
RKS 21199 032 |0.0088 | 4.47
HFC-143a/134a system
CSD 1.2098 | 026 |0.0140| 3.27
RKS 36468 | 0.83 | 0.0218 | 515
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Fig.6 Relative deviations of bubble point pressure
from CSD equation for HFC-32/143a
system with respect to temperature
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Table 4 Coefficients of correlations of activity
coefficient for HFC-32/143a and
HFC-143a/134a systems

Margules Van Ness and Abbott
Av | A | A | B | D
HFC-32/143a system

263.15 | 0.2525 | 0.2932 | 0.2064 | 0.2748 |-0.0245
273.150.2093 | 0.3010 | 0.3649 | 0.3647 | 0.0837
283.15 | 0.2188 | 0.2412 | 0.0327 | 0.1653 |~0.1000
HFC-143a/134a system
263.15 | 0.0365 {-0.0341| 0.1072| 0.0028| 0.0369
273.15 | 0.0373 [-0.0009|-0.1162(-0.0836{-0.0812
283.15 | 0.0201 | 0.0006|-0.0144|-0.0185|-0.0187
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Table 5 Average deviations between calculated
and measured data for HFC-32/143a
and HFC-143a/134a systems from
correlation of activity coefficient

Correlation of RMS
activity APut | Pous o
coefficient (kPa) | (%) 4y | y(%)
HFC-32/143a system
Margules 148991 0.22 [0.0115| 6.56
Van Ness and
2794| 0. . 6.
Abbot 1 0.20 [0.0131 7
MFC-143a/134a system
Margules 08188 0.18 {0.0164| 3.74
Van Ness and
6757 | O. X 4.
Abbott 0 0.16 |0.0183 33
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Fig.8 Vapor-liquid equilibrium data for HFC-
32/143a system from correlations of
activity coefficient
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Fig.9 Vapor-liquid equilibrium data for HFC-
143a/134a system from correlations of
activity coefficient
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