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Isothermal vapor-liquid equilibrium data for the binary system of HFC-23 (trifluoromethane, IUPAC)+ HFC-
134a (1,1,1,2-tetrafluoroethane, IUPAC) were measured atT ) (258.15 to 293.15) K in a circulation-type
equilibrium apparatus. The experimental results were correlated with the Peng-Robinson-Stryjek-Vera (PRSV)
equation of state using the Wong-Sandler mixing rule. The overall average deviation of pressure by the PRSV
equation of state was 0.734 %, and the average deviation of vapor-phase composition by the PRSV equation of
state was 0.0055.

Introduction

As a result of the regulation of chlorofluorocarbons (CFCs)
and hydrochlorofluorocarbons (HCFCs), hydrofluorocarbons
(HFCs) mixtures are considered to be promising candidates for
replacement of CFCs and HCFCs because their ozone depletion
potentials are zero.1-3 Vapor-liquid equilibrium (VLE) data
are required as one of the important basic properties in
evaluating the performance of refrigeration cycles and determin-
ing their optimal compositions. Few experimental data have been
reported previously in the literature for the system such of HFC-
23 (trifluoromethane, IUPAC)+ HFC-134a (1,1,1,2-tetrafluo-
roethane, IUPAC).4,5

In this work, the isothermal VLE for the binary system of
HFC-23 + HFC-134a fromT ) (258.15 to 293.15) K were
measured in an equilibrium apparatus with a continueous vapor-
phase circulation. Experimental data were correlated with the
Peng-Robinson-Stryjek-Vera (PRSV)6 cubic equation of state
using the Wong-Sandler (WS)7 mixing rule.

Experimental Section

Materials.The chemicals of HFC-23 (w > 0.999) and HFC-
134a (w > 0.999) were supplied by Zhejiang Chemical
Engineering Research Institute, China, and Honeywell Co. Ltd,
USA, respectively. They were used without any further purifica-
tion.

Apparatus. In this work, we used the same apparatus that
was used for the VLE measurement of the HFC-125 (1,1,1,2,2-
pentafluoroethane, IUPAC)+ HFC-161 (fluoroethane, IUPAC)
system.8 The apparatus includes a thermostat bath, an equilib-
rium cell, temperature and pressure controllers, and a measure-
ment device.

The temperature of the equilibrium cell in the thermostat bath
was maintained by the refrigeration subsystem and heater
subsystem. The temperature fluctuation in the bath is less than
( 4 mK in 1 h. The temperature measurement is made with a
four-lead 25-Ω platinum resistance thermometer (Yunnan
Instrument) with an uncertainty of( 5 mK (ITS) and a Keithley
2010 data acquisition/switch unit with an uncertainty of less

than( 1 mK. The overall temperature uncertainty for the bath
and the temperature measurement system was estimated to be
less than( 10 mK.

The pressure measurement system includes a pressure trans-
ducer (Druck PMP4010), a differential pressure null transducer
(Xi’an Instrument, 1151DP), an oil-piston type dead-weight
pressure gauge (Xi’an Instrument, YS-60), and an atmospheric
pressure guage (Ningbo Instrument, DYM-1). A sensitive
differential pressure null transducer separates the sample form
the N2-filled system. The accuracy of the differential pressure
null transducer is 0.25 % within the range from (0 to 7.5) kPa.
Its maximum uncertainty is 0.18 kPa. The oil-piston type dead-
weight pressure gauge is less than 0.02 % within the range from
(0.1 to 6.0) MPa, and its maximum uncertainty is 1.2 kPa. The
accuracy of the pressure transducer is 0.04 %, and its maximum
allowable pressure is 3.5 MPa, which was calibrated by the oil-
piston type dead-weight pressure gauge before the experiments.
The maximum uncertainty of the atmosphere gauge is( 0.05
kPa. The whole pressure measurement system has an uncertainty
of ( 1.6 kPa.

The vapor phase in the equilibrium cell was continuously
recirculated by a vapor circulation pump. After equilibrium was
reached, the vapor sample was withdrawn from the recycling
loop, and the liquid sample was taken from the sample cell to
the liquid sample line. Then they were sent and injected on-
line into a gas chromatograph (GC) model 112A. Considering
the margin of error and the reproducibility of GC, we generally
estimated an overall accuracy in the measurements of the
composition of( 0.001 in mole fraction for both liquid and
vapor phases.

Results and Discussion

Isothermal vapor-liquid equilibrium data were measured for
the binary system of HFC23+ HFC134a fromT ) (258.15 to
293.15) K, which are shown in Table 2 and Figure 2.
Throughout the paper,x and y indicate the liquid and vapor
mole fractions, respectively, whilep stands for the pressure in
MPa. The VLE data were correlated with the PRSV6 equation
of state. The PRSV equation of state is expressed as follows:
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with

and where the parametera is a function of temperature,b is
constant,k is a constant characteristic of each substance,ω is
the acentric factor.p is pressure,T is the critical pressure,T is
the absolute temperature,Tc is the critical temperature,Tr is
the reduced temperature (T/Tc), andV is mole volume. The value

of critical temperatureTc, critical pressurepc, and acentric factor
ω for HFC-23 and HFC-134a in eqs 1 to 5 are given in Table
1.

To have good representation of the VLE, we chose the WS7

mixing rules:

wherekij is a binary interaction parameter andC is a numerical
constant equal to ln(x2 - 1)/x2 for the PRSV equation of
state used in this work.A∞

E is an excess Helmholtz free energy
model at infinite pressure that can be equated to a low-pressure

Figure 1. Experimental apparatus for the VLE measurement: 1, thermostat bath; 2, equilibrium cell; 3, six-way valve; 4, vapor circulation pump; 5,
temperature controller; 6, heater; 7, refrigeration system; 8, platinum resistance thermometer; 9, motor blender; 10, high-accuracy platinum resistance
thermometer; 11, Keithley 2010 data acquisition/switch unit; 12, differential pressure null transducer; 13, pressure transmitter; 14, gas chromatograph; 15,
high-pressure nitrogen container; 16, vacuum pump; 17, sample reservoir; 18, computer.

Figure 2. p-x-y diagram for the HFC-23 (1)+ HFC-134a (2) system;[, 258.15 K;9, 263.15 K;2, 268.15 K;×, 275.15 K;/, 283.15 K;], 293.15 K;
s, PRSV equation of state.

Table 1. Critical Properties and Acentric Factor Used in This
Paper9

Tc/K Pc/MPa w

HFC-23 299.07 4.836 0.2634
HFC-134a 374.21 4.059 0.3268

a(T) ) (0.457235R2Tc
2/pc)R(T) (2)

b ) 0.077796RTc/pc (3)

R(T) ) [1 + k(1 - Tr
1/2)]2 (4)

k ) 0.378893+ 1.4897153ω - 0.17131848ω2 +
0.0196554ω3 (5)

b )

∑
i

∑
j
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excess Gibbs free energy model.10 In this study we use the
NRTL 11model given by

whereτii ) 0 andRii ) 0. Rij ) Rji andτij andτji are adjustable
parameters. As it is recommended11 to useRij ) 0.3 for system
like the current one, onlyτij andτji are adjusted directly to VLE
data. The adjustment is performed through a simplex algorithm
using the objective function:

where N is the number of experimental points,ye is the
experimental vapor-phase fractions, andyc is the calculated
vapor-phase fractions. With objective function given in eq 10,
we determine binary interaction parameters that allow calculat-

ing vapor compositions in very good agreement with experi-
mental ones.

Table 3 lists the interaction parameters of binary mixtures
for each isotherm, the binary parameters of the NRTL model
with the WS mixing rules, and the average relative deviations
of pressures (δp) and vapor-phase mole fraction (δy) between
measured and calculated values. From the data of binary
interaction parameterkij, it is evident that the binary interaction
parameter for the PRSV equation of state changes slightly as
the temperature increases. The overall deviations of pressure
and vapor phase composition by the PRSV equation of state
were 0.734 % and 0.0055, respectively. Figure 3 and Figure 4
show the comparisons of relative pressure and vapor-phase mole
fraction between the measured data and the calculated results
from the PRSV equation of state. From these figures and the
low average deviations, we conclude that the values calculated
with the PRSV equation of state and the WS mixing rules give
comparatively good agreement with experimental data.

Conclusions

The VLE data for binary systems of HFC-23+ HFC-134a
were measured fromT ) (258.15 to 293.15) K. The model of
PRSV equation of state with the WS mixing rule was used to
correlate the experimental data. The overall deviation of the
pressure by the PRSV equation of state was 0.734 %, and the
average deviation of vapor-phase composition by the PRSV
equation of state was 0.0055. The predicted results show a good
agreement with the experimental data.
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Figure 4. Deviation of the vapor-phase mole fraction of HFC-23 for the
HFC-23 + HFC-134a system;[, 258.15 K;9, 263.15 K;2, 268.15 K;
×w, 275.15 K;/, 283.15 K;], 293.15 K.
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