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Abstract

In this work we investigate the critical line of binary azeotropic mixtures of acetone-n-pentane.
We pinpoint the abnormal behavior of the critical density line as a function of the mole fraction of one of
the component and show its influence on other thermodynamic properties such as the volume, the
enthalpy and the entropy.
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1. Introduction

The liquid-vapor thermodynamic surface of binary mixtures with azeotropes shows three
singularities, besides a special point. Two of these singular points are similar to those of ordinary binary
mixtures, they represent the critical points of the two pure fluids constituting the binary mixture and they
are located at the two extremities of the critical curve, or the critical locus [1]. The third point represents
the intercept of the azeotropic line with the critical curve [2]. Finally, the special point is the extremum in
the critical temperature; it is a minimum for a positive azeotropy, and a maximum for a negative
azeotropy [3].
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In order to apply the critical point universality class to mixtures, it is important to distinguish between
field variables and densities [4]. For one component fluid, the field variables are the pressure P, the
temperature 7, and the chemical potential u. For binary mixtures the field variables are the pressure P,
the temperature 7 and the chemical potentials 1, , of the two components, with /=1 and i=2. These field
variables are related by the Gibbs-Duhem equation, furthermore, it is useful to consider the difference
between the two chemical potentials [4] such as:

A=p —p, (1)

Griffiths and Wheeler [4] have pointed out that the critical behavior of binary mixtures is similar
to that of one component fluid provided that the field variable A is kept constant. Therefore, the principle
of critical point universality class implies that binary mixtures at constant A should satisfy the same
universal scaling laws as one component fluid. However, complications arise as a result of the fact that
actual experiments for mixtures are carried out at constant mole fraction x and not at constant A.
Therefore, the variable A is an inconvenient variable, for it diverges in the pure fluid limits as indicated
by Leung and Griffiths [5]. Following the earlier work of these latter [5], we therefore, introduce a new
field variable  which is in fact a function of p;, p>and 7 such that:

2
0<c<l1 (2)

where ¢ = 0 corresponds to the limit of the pure fluid 1 and ¢ = 1 corresponds to the limit of pure fluid 2.
There are a variety of ways to define ¢ so as to satisfy (2) [5, 6]. If one holds the mole fraction x

constant, then the coexistence curves of binary mixtures have a different topology from that of a one-
component fluid. On the other hand, when ¢ is taken to be constant, then the coexistence curves of these

binary mixtures should have the same topology as that of a one-component fluid.

In this work we attempt to provide a representation of the critical locus of binary azeotropic
mixtures. Specifically, the study of the critical parameters as functions of the concentration will play a
central role in any accurate representation of mixture data in the critical region. The motivations behind
this work are many. For instance, in an earlier work [2] there was a need to formulate a thermodynamic
potential for ethane and carbon dioxide mixture. Furthermore, on a different ground, we would like to
know to what extend the behavior of the critical parameters may be extended to several thermodynamic
properties such as the volume, enthalpy, and the entropy.
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It is therefore of considerable interest to apply the theory to binary mixtures. For the theoretical
interpretation of thermodynamic behavior of these mixtures we need to assess their critical parameters as
a function of the concentration.
1. Thermodynamic properties of binary mixtures
The analogy between pure fluids and fluid mixtures is being established according to the previous
section, we then investigate the behavior of some thermodynamic properties such as the volume V, the

internal energy U, the enthalpy H, and the entropy S.

The derivative of V=V (P, T, x) with respect to the mole fraction x can be written as:

ov oV oT oV oP oV
e I e B B R e I et I B 3)
a‘x c,az aT P.x ax c,az aP T,x ax c,az a‘x P,T

the last term of this equation can be rewritten as [6]:

2], 2
X )pr “\Ox Jyr

The subscript (c ,az) stands for the critical azeotropy. Kr, is the compressibility of the binary
mixtures. For the purpose of implementing our idea, we demand that x =C along the critical line [2].
Consequently, K7 behaves in the same way as the compressibility of a pure fluid, which we denote by:

X =1(8_Vj (5)
< yplepr),

this quantity is infinite along the critical line. Therefore, when Eq. (4) is substituted into Eq. (3), this latter
reduces to the following relation:

)2, (2)_ ), (2) 2
ax c,az aT P.x ax c,az ap T,x ax c,az ¢ ax T
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As mentioned above, the critical temperature of an azeotropic mixture as a function of x has a
minimum or a maximum depending on the nature of the mixture. Hence, the first and the second terms of
Eq. (6) are identically equal to zero. Moreover, in the last term of Eq. (6), the quantity K7 —>o0 on the
critical azeotrope of the binary mixtures, this result follows from the basic notion that, at the critical point
of pure fluids, the compressibility diverges strongly [7]. Therefore, it comes out that the V-x critical curve
possesses an inflection point approaching a vertical tangent, as will be shown in the next section in figure
1. A similar observation is readily seen if one looks at the enthalpy and entropy functions of the binary
mixtures. We can take the enthalpy as H, or the entropy S, along the critical locus. From the basic
thermodynamic relation, we have:

7
H=U+PV (7)

where, U is the internal energy of the mixture, P the pressure, and V the total volume. The derivative of
the enthalpy with respect to x is given by the following relation:

(%), (5, A%
ox )pr 0x )pr X )py (8)

In the absence of any external force, we obtain from the fundamental thermodynamic equation of the total
energy U of a closed system, the following relation:

(%) (%) o)
v ), oV )r.
.. [0S . .
Furthermore, the quantity (8_j can be obtained from the Maxwell relations as:
T,x
(&), (&) &
ov )., \oT),,

By substitution of Eq. (10) into equation (8), we obtain:

(aﬂj _(a_Uj +T(5_V] (5_13] (11)
X Jpr X Jyr ox )p\OT V,x.
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The same procedure may be done for the behavior of the entropy of the binary mixtures as a
function of x4:

oS oS ov OoP
a) (88 (o) (2r) (12)
ox PT ox v ox )py oT yx

According to theoretical findings [7] and the experimental data of Khazanova and Sominskaya

[8-10]; all the following derivatives(a—Uj , [8_5} and (G_Pj are finite. This leads to the
ox VT ox VT Vox

conclusion that the isothermals isobars H-x and S-x have the same behavior as that of the isothermals

isobars V-x at the critical azeotrope. Making use of the fact that at the critical azeotrope, we have
x =¢ and using thermodynamic identity at the critical azeotrope, relation (11) reduces to:

2
(a_Hj Sead [ZH] S (13)
ax P.T,az ax P.T,az

A similar conclusion can be reached for the entropy, we therefore can write:

&)
a‘x P.T,az (14)

The singular behavior of the thermodynamic properties mentioned above is directly related to the
behavior of the critical locus of the studied mixtures. For this purpose we have made an assessment of the
critical line.

2. Investigation of the critical line

A detailed investigation of the critical parameters of an azeotropic mixture was done by
Abbaci et al. [11]. For this purpose we made a choice on an azeotropic mixture such as carbon
dioxide-ethane. In this work we take another system that behaves in a similar way as carbon dioxide-
ethane, this system consists of acetone-n-pentane with experimental data measured by Raja et al. [12].
This system presents a positive azeotrope, where the critical locus intercepts the azeotropic locus a
point that we call the azeotropic critical point. To correlate the critical density as a function of the
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mole fraction, we fitted the experimental data obtained by Raja et al. [12] to the following relation

[11]:
p.(x)=p.(1-x)+ p, P+ (px+ ppa® f1-x) (15)

We also fitted the critical temperature of acetone-n-pentane as a function of the mole fraction of
n-pentane according to the following equation:

Tc(x) = Tc(l)(l - X)+ Tc(z)x + (Tlx +T,x* +Tyx* + T,x" Xl ~ x) (16)

Where x denotes the mole fraction of n-pentane. The first two coefficients in Egs. (15) and (16)
represent the critical densities and the critical temperatures of pure of acetone and n-pentane, whereas, the
coefficients p;, 7; are to be determined by fitting Eq. (15) and Eq. (16) to experimental data obtained by
Raja et al. [12]. The values obtained for the coefficients in Eq. (15) and Eq. (16) are presented in Table 1,

together with the critical densities as well as the critical temperatures of the pure fluids, namely, acetone
and n-pentane.

A plot of the critical temperature as a function of x is presented in figure 1. Plot of the critical
density as a function of x is also presented in figure 2. We note on this figure the cusp-like behavior of
p (x) at the x = 0.63 that is similar to an inflection point. This point in the critical density does not
coincide with the critical temperature minimum as reported by Raja et al. [12]. This fact is in
contradiction with what happens in the case of ethane-carbon dioxide mixture, where the critical
temperature minimum coincides with the discontinuity in the critical density [11]. It is clear from figure
2, that we were unsuccessful to reproduce the inflection point in the critical density using simple
polynomials.

Table 1: Critical-line parameters for acetone-n-pentane

Equation (16) for p. (m¥/mol): p,"'=311.0, p,?'=213.0, p1=38.14, pr=-15.60

Equation (17) for 7, (K): T."=469.80, T.”=507.60, T\=-69.309, T»=87.175,
T5=-204.59, T,=128.68
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Figure 1: Representation of the critical temperature as a function of the concentration. The curve
represents the values calculated from Eq. (16). The squares represent the experimental data obtained by
Rajaetal. [12].

3. Conclusion

For the formulation of any thermodynamic surface for binary mixtures [13-15] we need the analytical
relations of the critical parameters as a function of the concentration and the reason we present this work
is to make researcher aware of the critical point azeotropy misunderstanding. Therefore, whenever
there is a need to formulate a descriptive global equation of state for azeotropic binary mixtures we
need to give a special attention of this special point.
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Figure 2: Representation of the critical density as a function of the concentration. The curve represents

the values calculated from Eq. (15). The squares represent the experimental data obtained by Raja et al.
[12].
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