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Leibovici (1993 [105]) observed that it is more significant to define the lump parameters
in such a way as to obtain the same equation of state parameters (see section 3.4.3.4, p. 204,
for a further description). Using a cubic equation of state, this yields:

 (3.53)

 (3.54)

These two equations are very similar to those of Montel and Gouel. It is easy to observe
that division of (3.53) by (3.54) gives an implicit equation with Tc as a unique unknown. If

the product  is equal to 1, equation (3.49) is recovered. Equations
(3.50) and (3.54) are then identical.

b. Delumping

In some cases, it may be important to recover the detailed composition after one or several
phase equilibrium calculations have been performed. This is known as “delumping” and has
been investigated by Leibovici (1996 [105]), Leibovici et al., 1998-2000 [106] Nichita et al.
(2006-2007 [107-109]).

If a cubic equation of state is used (presented in section 3.4.3.4, p. 204), without binary
interaction parameters (BIP), the formula to calculate the distribution coefficient can be found
to be:

 (3.55)

where the quantities ,  and  are obtained from phase properties only (i.e. they are
independent of the individual components). Hence, it is sufficient to know the individual

 and  to calculate the distribution coefficient, using (3.55).

If the BIPs are non zero, coefficients  should be obtained by regression.

3.1.3 Screening methods for pure component property data

Experimental data should always be used for validating the calculations or regressing
parameters. Yet, it may happen that some data cannot be found or that their quality is
questionable. In this case, rules for screening these values are most welcome. Various
authors have discussed this question [110, 111].

Note that today, molecular simulation becomes a tool that may be used with great advan-
tage to provide new “pseudo-experimental” data [112, 113]. The detailed implementation of
these techniques, which are numerical, but based on a true physical understanding of the
fluid phase behaviour [41] will not be described here. As such, it can be used to complete the
experimental databases or help assess the physical soundness of the values.
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3.1.3.1 Internal check

Any correlation between properties can be used to complete the picture. The correlations
most useful in this respect are that of Clausius (3.7), Clapeyron (3.6) (remember that the
Clapeyron relationship is valid for any two-phase equilibrium), the two- or three-point
relationships for vapour pressure (3.9), or the Rackett equation (3.18) when the liquid
volume is concerned.

As an example, the data discrimination method proposed by Wilsak and Thodos [114]
can be used for vapour pressure data. The principle is to use a high resolution graphical
representation of the deviation from a simple corresponding states presentation of the
Clapeyron plot. An illustration of such analysis is proposed in example 3.6. Any two point
relationship can be used, as also discussed in example 3.1. The experimental data that signif-
icantly deviate from the plot must be regarded with great caution.

3.1.3.2 External check

If the component under consideration belongs to a well-identified chemical family, trends
can be analysed, based on the behaviour of the same property for another representative of
the same family. An example of such a plot is shown in figure 3.16, where the liquid molar
volume of n-alkanes is shown as a function of the carbon number. From this plot, it is clear
that the liquid molar volume of ethane is not in line with that of the other components. It is
therefore reasonable to assume that the value is incorrect.

Figure 3.16

Liquid molar volumes of n-alkanes from a given database.

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0 5 10 15 20 25 30 35 40
Number of carbon atoms

Li
qu

id
 m

ol
ar

 v
ol

um
e 

(m
3  k

m
ol

-1
)

5010_  Page 140  Vendredi, 6. avril 2012  2:20 14
> STDI FrameMaker Couleur



Chapter 3 • From Components to Models 141

This is the basis of how group contribution methods are constructed. These methods
allow some extrapolation of the properties of low molecular weight components to high
molecular weight components. If taken too far however, this type of extrapolation may yield
catastrophic results.

Example 3.9 Vapour pressures of di-alcohols

When comparing the vapour pressures of di-alcohols using DIPPR, figure 3.17 is found. It is
expected that the lightest component has the highest vapour pressure, and the heaviest
component the lowest. Yet, the graph shows curves that cross each other, clearly indicating
something is wrong.

Figure 3.17

Vapour pressure behaviour of the series of diols where the alcohol groups are
at the end of the chain, according to the DIPPR correlations.

In order to analyse the data, the Clapeyron equation is used: two pieces of information are
required in order to fully define the Clapeyron straight line. For example, we can choose
normal boiling temperature (one point) and enthalpy of vapourisation at this temperature
(slope). Doing so, each component is represented by a point on figure 3.18. For each
component, the vapourisation enthalpy can be obtained, either using the recommended
value from DIPPR, or using the slope of the vapour pressure curve at the normal boiling
temperature. These two values do not coincide. Whenever possible, an additional source of
data (here CRC) was used.
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3.2 MIXTURES: PROPERTIES AND PARAMETERS

We can make a distinction between the parameters related to individual components and
those related to a pair of components (generally called “binary interaction parameters” BIP).
Less often, ternary parameters may be used. Parameters are rarely measurable properties.
They must be determined using a regression on experimental data. Obviously, the pure
component parameters are obtained from pure component properties, binary interaction
parameters from binary mixture properties and so on.

Data fitting will be further discussed in section 3.3 (p. 148). In this section, the type of
data that exist will be presented briefly together with theoretical tools that can help assess
their quality. The textbook by Weir and de Loos [115] may help understand how these data
have been obtained. Several databases exist that contain a large number of such data, the
most well-known probably being the Detherm database (http://i-systems.dechema.de/
detherm, see also section 3.1.2.1, p. 121), as well as the NIST (http://trc.nist.gov/) or the
Korean database (http://infosys.korea.ac.kr/kdb/index.html).

Figure 3.18

Plot of the diols (one –OH group at each end of the alcane chain) according to
the Clapeyron representation (normal boiling point vs heat of vapourisation at
the normal boiling point).

The plot clearly shows that the data do not follow a regular trend, which they should do. It is
therefore highly recommended to collect new experimental information.

This example is discussed on the website: 
http://books.ifpenergiesnouvelles.fr/ebooks/thermodynamics
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