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Role of azeotropy in characterization of complex hydrocarbon
mixtures by true-boiling-point distillation
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Abstract

True-boiling-point distillation is an efficient batch distillation being one of the most commonly applied
techniques to study the polydispersity of complex hydrocarbon mixtures. True-boiling-point curves are obtained
by plotting the temperature at the top of the column versus the fraction of mass distilled. The name expresses
the assumption that the complex mixture is separated into its components according to their boiling points.
However, in the case of azeotropy (e.g. between aliphatics and aromatics) this assumption is not correct.

Therefore, based on continuous thermodynamics, a method is developed for describing quantitatively the
azeotropic effect. The method presumes distillation of pure compounds or of azeotropic mixtures (if the
efficiency of the column is sufficiently large). It is demonstrated for mixtures consisting of a petroleum fraction
(low in aromatics) and of alcohols. © 1997 Elsevier Science B.V.

Keywords: Vapour-liquid equilibria; True-boiling-point distillation; Influence of azeotropy; Complex hydrocarbon mixtures;
Method of calculation; Continuous thermodynamics

1. Introduction

Most industrial separation operations for petroleum fractions require quantitative predictions of
vapour-liquid equilibria of such complex hydrocarbon mixtures. Once a suitable thermodynamic
model has been chosen the most important problem is an adequate description of the composition of
the complex mixture

To get information about the polydispersity of petroleum and its fractions the classical way is the
true-boiling-point analysis (TBP analysis). In spite of the existence of other modern methods TBP
analysis is still one of the most commonly applied techniques since this method has two important
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advantages. On the one hand, the measurement is direct and simple, and on the other hand, the
volumes of fractions obtained are large enough for further analysis.

TBP distillation is a batch distillation with a very efficient column, i.e. the number of plates and the
reflux ratio have to be very large. The plot of the temperature at the top of the column versus the
fraction of mass distilled is called TBP curve [1,2]. This curve is considered to be an integral
distribution function tacitly presuming the separation of the components according to their boiling
temperatures.

If azeotropy occurs the TBP curve is not equivalent to the integral distribution of the complex
mixture. Since the 1940s this defect of the TBP curves has been known [3-5]. Nevertheless, until now
the role of azeotropy in TBP distillation is underestimated. Often azeotropic effects are neglected
since in the past a procedure to describe them adequately did not exist.

In this paper, a method is developed allowing to describe quantitatively these effects of azeotropy.
The method is based on the presumption that always the lowest boiling pure species or the lowest
boiling azeotrope leave the column. Especially complex mixtures of aliphatics with some alcohols as
additional discrete components are considered. Here, binary minimum azeotropes (in boiling tempera-
ture) between the aliphatics and the alcohols are formed. Calculated results are compared with
experimental ones.

2. Distribution functions for describing of composition

Since 1980 continuous thermodynamics was developed to overcome the discrepancy between
continuous distribution functions obtained by characterization experiments of petroleum fractions or
similar mixtures and the discontinuous treatment by traditional thermodynamics [6—-9]). To describe
the composition of a complex mixture distribution (density) functions W(7) are applied. These are
defined by the statement that the integral

Th
f W(r)dr (1)
Ta
gives the mole fraction of all species with boiling temperatures 7 within the interval 7, < 7<7,. In
analogy to the mole fractions in traditional thermodynamics, the distribution (density) function has to
fulfil the normalization condition

f:OW(T) dr=1 )

Here, 7, and 7° denote the beginning and the end of the boiling point range of the complex mixture.
The corresponding integral distribution function is denoted by 1(7):

I(7) = f W(rydr 1(r%) =1 (3)
T ) @

I(7) is the mole fraction of all species with boiling temperatures lower than 7.






