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Abstract—A simple criterion for binary azeotrope formation of refrigerant mixtures based on the regular solution
theory was developed and applied to several refrigerant mixtures. This criterion requires no complex calculation and
can be easily applied when vapor pressure and saturated density data of pure components are available. It was proven
that the formation of an azeotrope could be well predicted with this criterion for the mixtures we studied.
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INTRODUCTION the pure components vapor pressures and the solubility parameter
in regular solution theory.

Hydrochlorofluorocarbons (HCFCs) or hydrofluorocarbons (HFCs)
have been used as alternative refrigerants. Since each material has THEORY
pros and cons as refrigerant, use of mixtures has been considered
to compensate for defects. For example, HFC-134a and HFC-32. Derivation of the Criterion
have excellent properties as refrigerant and litle harmful effect on HCFCs and HFCs including one or two carbon atoms are usu-
the environment, but they also have disadvantages such as poor coally used as alternative refrigerants. They have similar molecular
patibility with lubricants or flammability. There are several criteria sizes and shapes. Also, the phase behavior of their mixture appears
for selecting the components of a refrigerant mixture. First, ther+to be ideal in many cases. Lee and Sun [1993] noticed that the vapor-
modynamic properties like heat of vaporization and vapor pressuréiquid equilibria of refrigerant mixtures could be calculated accu-
should be considered. Whether it is azeotrope mixture or not camately with a simple cubic equation of state, and it implies to some
be another criterion. Azeotropic mixtures have advantages as refrigextent that strong interactions representing non-ideal behavior do not
erants because they tend to behave like a pure compound in a rexist between these materials. Ewell has pointed that halocarbon-
frigerator. So, it would be very useful to be able to predict whetheralocarbon mixtures always show positive deviations from Raoults
a mixture would form an azeotrope or not. law.

There have been many studies on the azeotrope formation. Ewell From the above, it is expected that refrigerant mixtures will show
[1944] established a qualitative criterion of azeotrope formation.the phase behavior of regular solution. A simple criterion of azeo-
He divided materials into five classes and summarized the type afope formation can be derived based on the regular solution assump-
phase behavior for each binary pair. Eduliee and Tiwari [1976] setion. Activity coefficient of each component in binary mixture is
guantitative criteria of azeotrope formation. They just related theexpressed in the regular solution theory by
possibility of azeotrope formation to the difference of normal boil-
ing point temperature, so their criteria have prediction ability. In ad-
dition, many researchers have studied the isothermal condition of RT Iny,=v,®75,-35,)2 (1b)
azeotrope formation [Kim and Kang, 1995; Kim, 1999]. Prigogine
and Defay [1954] found an isothermal criterion for azeotrope for-
mation in regular solutions using a Margules type activity coeffi-
cient model. They have also stated that their method could easil
be applied with other activity coefficient models. Stephan and Wag- PRy,
ner [1985] have performed a similar study applying the Wilson's ;Ft v, @
activity coefficient model. But their criteria are useful only when
the activity coefficients between binary pairs fitted to experimental Combining Eg. (1) and Eq.(2), we have
data are available. In this work, we tried to develop a criterion for Pt p
azeotrope formation that can be used without fitted activity coeffi-  In=% ===(3,~3,)*(v,®; ~v,®?) (3)

; - o . ) Pt RT
cient. The possibility of azeotrope formation is explained here with !

RT Iny,=v,®3[0, -, (1a)

From modified Raoult’'s law and azeotropic condition where
vapor composition is equal to liquid composition, the following
9quation is obtained.

@, is the volume fraction of component 1 and has a value between
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Azeotropy is a phenomenon that arises when the nonideality o i
the mixture is great enough to overcome the vapor pressure diffe
ence of the components. Square of the solubility parameter differ
ence represents the nonideality of mixture. From the criterion deriver 0.1 |
in this work, we can forecast the formation of azeotrope in a more ~
guantitative manner.

2. Application of the Criterion

The criterion derived in this work was tested for several binary %
refrigerant mixtures. We applied this criterion to mixtures whose —
vapor-liquid equilibria are well known. To apply the criterion, the
vapor pressure and saturated liquid density data of pure componer
are needed. The heat of vaporization required in the calculation c Lower boundary
the solubility parameter was determined from the Clausius-Clap- ofeq. (4) ¥
eyron equation.

The availabilty of the criteria was tested for both azeotropic and .1 = |
non-azeotropic mixtures. HFC-152a/CFC-12 is one of the well- 200 240 280
known azeotropic mixtures and it forms azeotropic point over a wide T(K)
L?&?gﬁt?getgin?nitig 1T?1Iesps|2/iz Tl.?rvrss:al:)gsiﬁpt)s“i%%‘ of thef:ig. 2. Application of the criterion of azeotrope formation to HFC-

) ’ ! 134a/CFC-12 system.
and the dashed lines represent lower and upper boundaries calcu-

lated from Eq. (4). It means that if the solid curve exists between . . .
tures that show azeotropic behavior at only limited temperature range,

the two dashed lines, the mixture is likely to form azeotrope. The X i .
solid symbols represent the results of former experiments Wheré‘nd HFC-1342/CFC-12 is an example. Simple criteria that make

azeotrope has been observed [Pennington and Reed, 1950; HilS® of only pure components property not reflecting actual sys-
richsen, 1969] tem’s condition-temperature or pressure- are likely to fail in prediction
Fig. 2 represent the results of application to another azeotropi(?f such systems. In case the difference between the normal boiling

mixture HFC-134a/CFC-12. Kleiber [1994] measured the ph(,isetemperature of each component is very small, such criteria gener-

equilibria for this system and found an azeotrope. As can be see‘?‘lly lead to }orediction oLazeotropg, butitis often proven 1o be wrong.
from the figure, predictions and experimental results agree well witr 1CFC-124/HCFC-142b system is a non-azeotropic mixture at room

each other. HFC-134a/CFC-12 mixture forms an azeotrope in a nafemperature in spite of the fact that the normal boiling point tem-

row temperature range according to this figure. There are some mpRerature diffgrence of HCF,C'12,4 and HCFC'lé}Zb s as small as
0.4 K. The criterion derived in this work was applied to this system
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Fig. 1. Application of the criterion of azeotrope formation to HFC- Fig. 3. Application of the criterion of azeotrope formation to
152a/CFC-12 system. HCFC-124/HCFC-142b system.
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and the result is shown in Fig. 3. In this figure, the open symbolsP  : volume fraction
represent the result of experiment where azeotrope was not seén : solubility parameter [(J/cH)?9]
[Lee et al., 1996].
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