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Abstract 

Graphical shortcut methods are useful tools for the design of distillation columns. The proposed 
nonideal shortcut method includes a graphical representation and is based on the concept of opera-
tion leaves. This new method uses a production segment rather than a completely specified product, 
which eliminates any sensitivity to the composition of the minor product. Concerning phase 
equilibria, no restrictive assumptions are made. The study aimed 1) to determine whether a specified 
separation respects the mass balance and thermodynamic feasibility and 2) to find the minimum re-
flux ratio for a preliminary design of the column. Designs obtained with this new method for ideal, 
non-ideal, and azeotropic mixtures give purity and recovery rates close to the specifications, which 
might be impossible to obtain with a conventional ideal shortcut like the well-known Fenske–
Underwood–Gilliland shortcut method. The distillation boundaries of azeotropic mixtures are taken 
into account thanks to a non-ideal thermodynamic model applied to the calculation, which is not the 
case with a conventional ideal shortcut. The paper examines the following mixtures: an ideal mixture 
of ethanol, n-propanol, and n-butanol; a non-ideal mixture of acetone, water, and acetic acid; and an 
azeotropic mixture of acetone, isopropanol, and water.   
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1. Introduction 

As one of the most important fields in process engineering, distillation column design has been re-
searched extensively and is used in a wide range of industrial applications [3]. From a practical en-
gineering standpoint, good distillation column design is the result of a complex process. First, certain 
operating and structural parameters such as the reflux ratio, feed position, and number of stages must 
be specified. Additionally, rigorous simulations and optimization are necessary. Finally, the column 
sizing must be established in accordance with the simulation. 

In fact, distillation column design can be divided into three steps. The first step seeks to determine 
whether the desired separation is feasible from a mass balance and a thermodynamic point of view. 
Provided the separation is thermodynamically feasible, the aim of the second step is to obtain a pre-
liminary design of the column and define certain key parameters such as the minimum reflux ratio 
(r

min
), the total number of stages, and the feed location. Calculating the minimum energy demand of a 

separation is often a good way to identify the final column design with the lowest operating cost. 
The third and last step consists in running a rigorous simulation with a software process that uses the 
shortcut parameters for initialization. Optimizing this simulation provides a good compromise be-
tween capital cost and energy demand. 
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