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SUMMARY 

The critical temperatures and pressures for 14 binary 

mixtures of fluorocompounds with hydrocarbons were corre- 

lated using an iteration procedure based on a cubic equation 

of state. The predicted values were compared with pre- 

viously measured values, the agreement being very good. 

INTRODUCTION 

Since their d iscovery, fluorine-compounds C 11 are 

finding increasing use in industry. Some studies about 

vapor-liquid equilibria and critical properties [2,31 for 

pure fluoro-compounds have been reported. As for binary 

systems very little work has been done. 

Many empirical and semiempirical procedures have been 

developed for the prediction of critical properties of mix- 

tures. Spencer et al. [4] made an extensive evaluation of 

available correlations for predicting properties of binary 

mixture. They recommended Li's method [5] for critical tem- 

perature prediction and the method of Kreglewski and Kay [6] 
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for critical pressure measurement. Peng and Robinson [7] 

proposed the application of an equation of state in conjunc- 

tion with the rigorous critical criteria in the prediction 

of critical states for binary and multicomponent mixtures. 

More recent methods of Heidermann and Khalil [8] and 

Michelsen and Heidermann [9] which utilize the Gibbs cri- 

teria for criticality with a cubic equation of state, have 

reduced the number of mathematical operations needed. Teja 

et al. [lo] and Peng [ll] correlated the critical tem- 

peratures and critical pressures of binary mixtures by use 

of a modified two-parameter Wilson equation. 

None of these methods was used for fluoro-compounds. 

Mousa [12] used a method based on the acentric factor and a 

compensating factor. In this work, the method of Heidermann 

and Khalil [8] with the Soave-Redlich-Kwong equation of 

state Cl31 is used to correlate the binary critical 

locus for binary systems containing fluoro-compounds. 

THEORY 

Based on Gibbs 

mixture, Heidermann 

criteria for the critical state of a 

and Khalil [8] derived equations which 

must be satisfied at the critical point of a mixture of 

n components: 

n 
d2A=L r 

n 
c ( a2A 
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it can be shown that 

a2 A 

aNi aNj 
= RT ( (3) 

T,V 

a3 A a2 In fi 

.3Ni aNj aNk = ( a Nj a Nk 
1 (4) 

The fugacity derivatives are evaluated using an 

equation of state. In this work the Soave-Redlich-Kwong 

equation (SRK) is implemented. The SRK is given by 

RT 
P=--_ 

a 
v-b _) 

(5) 

The parameters a and b for the pure components are given by: 

ai = a,. 
1 ai 

0.42747 R2 T2ci/Pci aci = 

(6) 

(7) 

ai M= 1 + K [ l-(T/Tci)% (8) 

K = 0.48 + 1.574 w i - 0.176 u=~ (9) 

and bi = 0.08646 R Tci/'Ci 

The following mixing rules are used for mixtures 

n n 
a = I: z 

i 
Xi Xj aij 

j 

where ai j = (l- kij) ai v.2 
aj* (12) 

(10) 

(11) 

and kij is a binary interaction coefficient specific to each 

binary pair in the mixture. 

n 
b = Cxi bi 

i 
(15) 



106 

The expression for the fugacities of the different com- 

ponents in the mixture is given by Soave. The derivatives 

of the fugacities with respect to mole numbers were obtained 

and inserted in the previous equations. The critical tem- 

peratures and volumes were calculated using nested itera- 

tions of equations [3] and [4] as given by Heidemann and 

Khalil [S]. Then the critical pressures were calculated fro] 

equation (5). 

RESULTS AND DISCUSSION 

The critical properties for 14 binary systems were 

calculated and compared with the experimental data of Mousa 

Cl21 and [14]. The critical properties for the pure com- 

ponents were taken from [12] and [14], whereas the acentric 

factors were taken from [6]. 

For each binary system, the binary interaction coef- 

ficient k.., 
11 

was adjusted to obtain the best correlation 

between the experimental and calculated critical pressures 

and temperatures. The optimum value of k.. was found by 
13 

minimizing the following objective function (15): 

2 

min 1 

C 

(T cexp - Tc talc. 1 + (Pc exp- PC 1 
talc. 

2 
UT "'P 

2 

I 

where 
aT and up are the standard deviation of temperature 

and pressure in the experimental data. The estimated values 

of aT and a p are 0.2 K and 0.034 bars respectively. The 

critical volumes of the mixture were also calculated, but no 
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comparison was made because no experimental values are 

available. 

A summary of the results for the 14 systems studied are 

presented in Table 1 which presents the optimum k.. along 
13 

with the percent average absolute deviations (AAD%) in 

pressures and temperatures for each system. Comparisons 

between the experimental and calculated critical tem- 

peratures and pressures and the calculated critical volumes 

are shown in Table 2. 

The calculated critical temperatures and pressures 

agree very well with experimental values. The deviations 

of the calculated pressures are higher than those of the 

critical temperatures. The best fit is obtained for the 

Cc3~8 + n-CSFl4] system. While the systems [C3H8 + n-C7FlS] 

gave the lowest fit. The optimum values for kij lies bet- 

ween 0.128 and 0.175 except for the systems [CSH8 + CSFg] 

and [n-CgHl4 + CgFS] and [C2H8 + n-C7Fl6]. For the two 

systems with CQF~], kij has the lowest values. It is evi- 

dent that the value of k.. 

fluorocarbon pair. 

17 
is specific to each hydrocarbon- 

The parameters used in the SRK equation of state were 

developed using mostly data for hydrocarbons. As 

demonstrated by several authors [7], the prediction of the 

critical temperature and pressure is generally good, but 

use of the cubic equation of state to predict critical volu- 

mes is expected to cause higher errors. This work 
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TABLE 1 

Binary interaction coefficients and average 
absolute deviations in Tc and Pc 

Systems 

C3H8 + CF3CN 

C3H8 + CF3COCF3 

C3H8 + n-C6F14 

C3H8 + C3F8 

C3H8 + C6F6 

C3H8 + n-C7Fl6 

n-C4HLO + n-C7Fl6 

n-C5Hl2 + C4F8 

n-C5H12 + n-C7F16 

n-C6Hl4 + C6F6 

n-C6Hl4 + n-C6Fl4 

n-C6Hl4 + II-C7F16 

n-C7Hl6 + n-C7F16 

n-C8Hl8 + n-C7Fl6 

k 
ij 

0.128 

0.145 

0.136 

0.165 

0.08 

0.195 

0.165 

0.165 

0.125 

0.08 

0.17 

0.148 

0.165 

0.175 

AAD% AAD% 
AT/T BP/P 

0.17 2.15 

0.125 1.17 

0.32 0.66 

0.13 1.91 

0.96 4.06 

1.08 5.05 

0.516 2.33 

0.45 3.63 

0.66 2.89 

0.17 2.27 

0.14 2.97 

0.31 1.91 

0.25 1.62 

0.49 3.10 

AAD% A T/T = ; 
y 1 TQycB Tccalc. 

i=l 
I * (100) 

exp 

AAD% lIP/P = + "c 1 PC -P_ 
exp - 'talc. 

I * (100) 
i=l PC 

exp 

where m is the number of experimental points 

demonstrates the applicability of the SRK equation of state 



109 

TABLE 2 

Comparison between experimental and calculated critical properties 

System Mole Fraction Crit.Temp. Crit. Press Crit.Volume 
of Hydrocarbon K MPa m3/kg mole 

Exp. Calc. Exp. Calc. Calc. 

C3H8 

C3H8 

C3H8 

C3H8 

C3H8 

C3H8 

n-C4HlO + 

CF3CN 

.1188 

.3340 

.5504 

.7130 

.8435 
CF3COCF3 
.1240 
.3194 
.4437 
.7047 
.8573 

n-C6F14 
.1225 
.3287 
.5781 
.7345 
.8695 
.9088 

C3F8 
.1162 
.3233 
.4263 
. 5232 
.7060 
.9074 

C6F6 
.1008 
.3027 
.5319 
.7314 

n-C7Fl6 
.0940 
.3120 
.5150 
.7200 
.8090 
.9080 

n-C7F16 
.1300 
.3090 
.4620 
.6770 
.9160 

311.94 312.24 3.61 3.68 .2352 
318.59 319.43 3.77 3.84 .2312 
332.53 333.12 4.07 4.16 .2243 
345.00 346.08 4.25 4.36 .2243 
357.17 357.02 4.31 4.41 .2288 

353.57 353.55 2.97 3.00 
349.05 348.76 3.12 3.16 
346.90 347.02 3.21 3.26 
351.38 350.47 3.58 3.61 
359.48 358.59 3.91 3.95 

.3308 
3109 

:2988 
.2683 
.2495 

443.20 443.00 2.21 2.23 
430.19 430.55 2.83 2.83 
405.50 408.82 3.56 3.53 
388.50 390.86 3.79 3.77 
375.67 375.18 3.88 3.86 
372.57 371.77 3.95 3.91 

. 5996 
5041 

:3958 
.3381 
.2950 
.2806 

341.73 341.82 2.77 2.82 
337.77 337.51 2.93 2.99 
337.38 336.78 3.03 3.08 
338.37 337.58 3.13 3.19 
345.28 344.49 3.45 3.53 
360.40 360.48 3.99 4.08 

508.13 509.11 3.67 3.75 .3986 
488.66 490.81 4.35 4.55 .3453 
454.53 461.92 5.06 5.30 .2890 
420.39 427.45 5.10 5.39 .2510 

468.09 470.47 2.20 1.95 
450.41 457.00 3.03 2.74 
430.91 437.58 3.66 3.58 
404.62 406.38 4.10 4.14 
394.23 389.60 4.12 4.07 
377.63 372.60 4.11 3.89 

.7333 
5935 

:4664 
.3521 
.3186 
.2920 

467.26 468.77 1.97 1.94 .7224 
455.57 458.45 2.39 2.33 .6285 
444.21 447.45 2.68 2.64 .5526 
428.26 429.12 2.99 2.94 .4594 
420.80 417.88 3.36 3.21 .3613 

.3405 

. 3178 
3066 

:2945 
.2670 
.2427 

(Continued) 
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TABLE 2 (Cont.) 

System Mole Fraction Crit. Temp. Crit . Press Crit.Volume 
of Hydrocarbon "K MPa m3/kg mole 

Exp. Calc. Exp. Calc. Calc. 

+ C4F8 
.1601 
.2850 
.5076 
.6901 
.9141 

+ n-C7F16 
.2910 
.5350 
.6100 
.7770 
.9130 

+ C6F6 
.0813 
. 2961 
.5071 
.6541 
.8875 

+ n-C6Fl4 
.1012 
.3352 
.5018 
. 6242 
. 9020 

+ C7F16 
.2940 
.3790 
.5260 
.6620 
.8340 

+ C7F16 
. 1000 
. 1430 
.1780 
.2320 
.3620 
.4700 
.9040 

+ n-C7F16 
.0540 
.2760 
.4740 
. 5300 
. 5760 
. 9010 

388.98 389.19 2.81 2.86 
393.24 393.28 2.89 2.95 
406.43 409.34 3.12 3.28 
423.77 428.70 3.39 3.60 
453.10 454.46 3.58 3.68 

.3771 

.3695 

. 3447 
3342 
13474 

460.29 463.52 2.16 2.08 .6660 
451.36 453.20 2.45 2.40 .5662 
449.42 450.55 2.51 2.49 .5361 
452.09 448.31 2.81 2.77 .4638 
459.54 454.42 3.04 3.19 .3958 

513.79 512.96 3.24 
506.65 505.49 3.14 
502.80 501.64 3.08 
502.31 501.35 3.05 
505.00 504.71 3.04 

3.33 .4271 
3.23 .4338 
3.15 .4418 
3.11 .4466 
3.09 .4535 

447.16 446.8 1.89 1.96 
446.66 446.09 2.02 2.10 
451.68 451.80 2.20 2.26 
461.49 460.75 2.40 2.46 
492.57 493.99 2.92 2.98 

464.80 
464.74 
467.03 
472.67 
486.98 

1.96 
1.97 

467.72 
466.57 
466.90 
471.53 
2.69 

2.18 
2.33 
2.66 

1.90 
1.97 
2.11 
2.29 
.4974 

.6372 

. 5915 

. 5480 

. 5087 

. 4565 

.6984 

.6717 

.6223 

.5684 

471.82 473.29 1.75 1.72 .7680 
471.68 472.86 1.78 1.74 .7577 
471.87 472.64 1.81 1.76 .7493 
472.93 472.59 1.83 1.79 . 7361 
474.92 474.40 1.88 1.88 . 7009 
478.50 478.71 1.97 1.98 .6645 
522.07 526.07 2.63 2.69 . 5384 

474.79 474.72 1.75 1.69 
482.28 479.77 1.83 1.79 
493.50 495.04 1.98 2.02 
501.10 501.29 2.08 2.12 
502.37 506.98 2.09 2.20 
548.83 555.11 2.50 2.57 

. 7830 
7378 
:6629 
.6392 
.6218 
.6056 
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to thermodynamic calculation for hydrocarbon-flourocarbon 

systems. The critical loci (Tc and PC vs x) for the 

systems studied have simple continuous curves, and no 

problems were encountered in correlating their behavior 

using SRK equation of state. 
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NOMENCLATURE 

aandb = 

A = 

kij = 

N = 

n = 

P = 

= 
PC 

R = 

T = 

Tc = 

V = 

X = 

parameters in equation of state 

Helmoltz per energy 

binary interaction parameter 

mole number 

number of components 

pressure 

critical pressure 

gas constant 

temperature 

critical temperature 

molar volume 

mole fraction 

acentric factor w t 
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