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Prediction of liquid densities for halocarbon mixtures by a modified
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Abstract

In a companion paper, we dealt with the problem of predicting the liquid behaviour of pure refrigerants. It 1s
the purpose of the present paper to extend the use of the Hard Sphere De Santis (HSDS) model by associating it
with mixing and combination rules to predict the liquid state densities for mixtures of halocarbon refrigerants.

The deviations obtained between the experimental data, available for binary and ternary mixtures, and the
HSDS model have shown an uncertainty of 1.5% for T* < 0.9. This was the uncertainty claimed for the model,

when applied to pure fluids.
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1. Introduction

As stated before (Fialho and Nieto de Castro, 1995) the increasing need for replacement
refrigerants less harmful to the environment is done not only by replacing the CFC pure tluids by the
HCFCs and HFCs, but also by mixtures of them. The aim is to obtain the best properties ot the CFC’s
without using chlorine atoms. That has been done by reducing the concentration of CFC’s partially or
totally in the fluids used in the industry. For example, in the refrigeration and air conditioning
industry, heat pumps are now filled with the so called environmental friendly refrigerants.

In this work, we will apply the universal equation (HSDS) (Fialho and Nieto de Castro, 1995) to
refricerant mixtures. In order to be able to apply the HSDS model, we use generic mixing and
combination rules (Fialho, 1993) for the critical temperature, molar volume, and the relative

molecular mass. For the critical pressure the authors use their own rule.
We have applied the HSDS model for mixtures to the binary mixtures of R142b + R22 (Kumagali
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Table 1

Virial coefficients for the hard-spheres (Ree and Hoover, 1964, Erpenbeck and Wood, 1984)

C, | Ce 0.0386 + 0.0004
C, l C, 0.0137 +0.006
C, 5/8 C, 0.00421

C, (0.28695 C, (0.0013]

(' 0.1103 +£0.0003 Cy 0.00040

et al., 1991, Sousa et al., 1992), R22 + R152a (Maezawa et al., 1991a). R152a + R142b (Maezawa et
al., 1991b) and R114 + R22 (Hasegawa et al., 1985, Fukuizumi and Uematsu, 1991). and for the
ternary mixture of R22 + R152a + R142b (Maezawa et al., 1991¢c). The mixtures can act as examples
for the test of the model. Except for the binary mixture of R114 + R22 for which we have compressed
liquid data, all other mixtures cover only the liquid saturation line. The deviations obtained from these

mixtures to the model was better than 1.5% for T" =T/T, < 0.9, which is in good agreement with
the values obtained for the pure fluids.

2. The HSDS reduced mode]

As described in a previous paper (Fialho and Nieto de Castro, 1995) the HSDS model (Eq. (1)) has
been reduced 1n order to obtain the untversal equation given by expression (2).

Z= Y C(bp) ™ — (1)
— i p - e
~ RT(1 + bp)
PP
10 1 — | 2
P :
VS }:Ci(b“—) — — E—T (2)
=1 Pe RT 1+b"‘-——)
P

where p is the molar density, 7' the temperature in K, R the gas constant in J mol ™! K™, C; are the
virial coefficients obtained for the hard sphere model (Table 1), p, the critical pressure, p_ the critical
molar density, a and b the attractive and repulsive van der Waals like parameters. Finally a* and b*

are the reduced van der Waals like parameters given by Egs. (3) and (4).

h* = (2.0335 + 0.01039M ) + 0.0044 (3)
2 2
> ( Y a7 m (
i=0 \j=0
Table 2
Parameters used in Eq. (4)
a;; i =0 i = | =2
i=0 2.069249 X 10° —2.332869 X 10° 9.949903 X 10°
j=1 —4.245370X 10° 5.268112x 10° —2.222515% 10’

j=2 2.194730 X 10° —2.991949 % 10° 1.251112% 107
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M 1s the relative molecular mass of the fluid, 77 is the reduced temperature given by T/T,, where
/.. 1s the critical temperature, and a;; are given in Table 2.

3. Mixing and combination rules

To be able to apply the presented HSDS model to mixtures we have introduced the mixing rules
roposed by Reid et al. (1987) for the combination of the properties of the pure components of the
nixture i order to obtain its properties. This rule can be expressed to a first approximation by Eq.

(5):

mlx Z E'X 'Qij (5)

where () represents the property and x the molar composition of the mixture.
In the present case we have applied this rule to the critical temperature and critical molar volume.

For the binary mixture,

T. =xiT, +2xx, 7::”'"',1‘2’27—' (6)
V. = X7 Ve T 2x,x,V, +x§ch (7)

where the subscnpts 1 and 2 stand for components 1 and 2. The subscript 12 represents the cross
term. To estimate this term one can use the usual geometric and arithmetic average combination rules

(Reid et al., 1987), given by Egs. (8) and (9).
"-l _\/ Cp € (8)

v1/3 L yl1/3 3
%IE=(“AM_§_“£_H) (9)

To obtain the critical molar density for the mixture one inverts the critical molar volume obtained
from Eq. (7). The critical pressure for the mixture is calculated from the critical compressibility
factor, obtained from the pure liquid data (Fialho and Nieto de Castro, 1995), and is given by the

combination of Egs. (10) and (11),

341 %1077
Z.=0.317 0.138 M (10)
M
Pcmix - RZC pc mixTCmi:q (1 1)

where M for the mixtures 1s given by the linear mixing rule,
M=) xM (12)

4. Discussion

The reduced state equation of HSDS with the rules presented here has been applied to the binary
mixtures of R142b + R22 (Kumagai et al., 1991, Sousa et al., 1992), R22 + R152a (Maezawa et al.,



f18 P.S. Fialho, CAN.d. Castro / 'luid Phase Equilibria 118 (1996) []5-71/16
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Fig. 1. Deviations between the experimental density, obtained for diferent binary mixtures of refrigerants, and the one
predicted by the reduced HSDS model with the combination and mixing rules, Eqs. (5)-(12). W, R142b + R22 (Kumagai et
al., 1991), O, R142b+R22 (Sousa et al.,, 1992); v, R22+R152a (Maezawa et al., 1991a); @, R114+R22 (Hasegawa et
al., 1985); V, R152a+R142b (Maezawa et al., 1991b); ®, R114+R22 (Fukuizumi and Uematsu, 1991).

1991a), R152a + R142b (Maezawa et al., 1991b) and R114 + R22 (Hasegawa et al., 1985, Fukuizumi
and Uematsu, 1991), and for the ternary mixture of R22 + R152a + R142b (Maezawa et al., 1991c¢).
The deviations between the available experimental data and the prediction obtained by the model are

presented in Figs. 1 and 2.
We have predicted the density of mixtures for 7% < 0.9 within 1.5%, and better than 2% for

090 <T" <0.95. The calculations covered wide composition ranges, as the data compared for each
mixture refers to several compositions. For instance the mixture R152a + R22 involves a composition
range from (10,/90) to (90/10). No systematic deviations caused by composition ranges have been
detected, although a systematic shift of about —1% is encountered for the ternary mixture. This is
possibly caused by the need of using more sophisticated mixing or combination rules. However we
preferred, tfor the sake of simplicity, to use a one fluid model for the mixture, predicting its properties
from only pure component data and the combination and mixing rules without the use of binary

interaction parameters, normally obtained from mixture data.

pAexp) — AHSDS) .
L (HSDS) x 100%

" il il

0.70 0.75 0.80 0.85 0.90 0.95 1.00
1

Fig. 2. Deviations between the experimental density of the ternary mixture for R22+R152a+R142b (Maezawa et al.,
1991¢) and that predicted by the reduced HSDS model with the combination and mixing rules, Eqs. (5)-(12).
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[n the companion paper for pure halocarbons (Fialho and Nieto de Castro, 1993) a comparison with
the Hankinson—Brobst—Thomson has shown that this equation can produce errors between —4 and
30%. There is no reason to believe that its application to mixtures will give better results. Anther
cmpirical estimation method normally used is the modified Reckett and Hankinson (Reid et al., 1987).

However it is only applied to bubble points and uses corrections to mixing rules (k).

5. Conclusion

T'he present model, together with the mixing rules presented, can be applied to binary and ternary

mixtures of refrigerants with an uncertainty of 1.5% for T* < 0.9.
As tar as the authors can tell, there is no reason one can not apply this model to a mixture of

n-components with the same uncertainty. However one should check these assumption carefully,

whenever possible.
Stnce this work was performed, new and accurate dada for the density of more binary and ternary

mixtures became available. We hope to report the application of our model to these mixtures in the
near tuture.
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