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Abstract−− An evaluation of the effect of vapor-
liquid equilibrium experimental data on the design of 
separation sequences by distillation was done using 
computer simulation. Separation of a mixture of ace-
tone-chloroform-benzene was chosen as an example 
problem. Two sequences were compared. To quantify 
the thermodynamic data uncertainties for each se-
quence two sets of binary vapor-liquid equilibrium 
data were chosen. These two sets of data were used to 
generate simulation cases as in classical two-level fac-
torial design of experiments. A third set of binary va-
por-liquid experimental data allows comparing phase 
liquid models. For the two-column sequence, analysis 
done to each column alone or to the whole sequence 
gave the same results. In the three-column sequence, 
results were different and simulation of the whole se-
quence gave a complete different account that simula-
tion of each column alone.   
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I. INTRODUCTION 

The design of chemical processes involves computer 
simulations. The results of these simulations are 
strongly dependent on the thermodynamic models for 
the phase equilibrium. While proper choice of the ther-
modynamic model is important, the uncertainties in ex-
perimental data that are used to regress the model pa-
rameters are also significant. Techniques for assessing 
these effects are required for improving thermodynamic 
modeling, designing experiments and selecting data. 
The effect of property inaccuracies on process design is 
therefore of great importance in the chemical industry. 
Studies of this problem have been reported earlier 
(Streich and Kistenmacher, 1979; Nelson et al., 1983; 
Hernandez et al., 1984). More recent studies have ana-
lyzed the effect of model (Mandagarán et al., 1999) and 
of thermodynamic data (Whiting et al., 1999) on calcu-
lated process performance. On the other hand new de-
sign methods have been introduced that allows screen-
ing of distillation sequences (Thong and Jobson, 2001; 
Brüggemann and Marquardt, 2004; Liu et al., 2005). 

The purpose of the present work is to study the ef-
fect of the uncertainties of the vapor-liquid equilibrium 
data on the design of the separation process of a mixture 
of acetone, chloroform, and benzene. Through a series 
of case studies we present how thermodynamic models 
and uncertainties of the thermodynamic data impact the 

design of the process. The case studies belong to two dis-
tillation sequences to obtain benzene, acetone, and chlo-
roform under certain specifications from a ternary mix-
ture of all three components. 

II. PROCESSES STUDIED AND CALCULATION 
DESCRIPTION 

We consider the problem of separation of a mixture of 
acetone, chloroform, and benzene as it was posed in the 
literature (Westerberg and Wahnschafft, 1996). A 100 
kmol/h feed of 36 % of acetone (1), 24 % of chloroform 
(2), and 40 % of benzene (3) is to be separated into 
three products with the following specification: one 
stream with a acetone molar concentration better than 
99.9%, one stream with a benzene molar concentration 
better than 99.9 % and one stream rich in chloroform (> 
99 %) with no more than 0.0001 % of benzene. 

To accomplish the proposed separation we have 
used the two alternatives of Fig. 1 and Fig. 2 and specifi-
cations set in Table 1. In the alternative of Fig. 1 ben-
zene is mixed with the feed and introduced to column 1, 
yielding a pure acetone top product and a bottom of al-
most all the benzene and chloroform in its feed plus a 
trace of acetone. This bottom product is fed to column 
2, where it is separated into benzene and chloroform. 
Part of the benzene is then recycled to mix with the 
original feed. In the alternative of Fig. 2, we start with 
the direct split, where we take pure acetone off as a 
product from the first column. The first column pro-
duces nearly pure acetone from the top and a mixture of 
all three species in the bottom. This mixture is near to 
the distillation boundary. We feed the bottom product to 
a second column, which separates benzene (bottom 
product) from the acetone and chloroform (top product). 
This top product from the second column is separated in 
a third column into pure chloroform (top product) and a 
mixture of acetone and chloroform very near to the 
azeotrope (bottom product). Finally, the azeotropic mix-
ture is recycled to feed column 1. 

Simulations of the processes were performed with 
the program HYSYS (Hyprotech software) version 
2.4.1. Distillation columns have a partial reboiler and a 
total condenser. Pressure at the top and bottom of the 
columns was 1 atm. Table 1 presents specification and 
design parameters for each column in the two sequences 
under analysis. Our aim was to compare the results of 
separation in each case study obtained on the basis of 
different data for the phase equilibrium. For representing 


