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Distillation accounts for a large part of the energy used in industry.  In the United States, the chemical industry represents 24% of manufacturing energy use.  There are over 40,000 distillation columns in use, performing various processes ranging from petroleum refining to purifying of chemicals for home and medical use.  Despite their flexibility and widespread use, these columns have low energy efficiency [1].

Using differences in boiling points, mixtures of chemicals can be separated to a high degree of purity.  When separating a mixture of three components using simple distillation columns, at least two columns are needed.  If a mixture of A, B, and C (in order of increasing boiling point) were to be separated, this could be done in one of three ways:  direct, indirect, or transition split.  In a direct split, component A will be the desired distillate, while a second column is required to separate B and C.  In an indirect split, component C is obtained from the bottom, while A and B in the distillate require a further separation.  In a transition split, A and B form the distillate, while B and C form the bottoms.  Then two more columns are needed, one for separating each of the original product streams.  If these secondary columns are joined and the middle product B taken as a sidestream, and other side-draws sent back to the first column as recycles, this becomes what is known as a Petyluk arrangement.  When both columns of the Petyluk arrangement are placed in the same shell, it becomes a dividing-wall column.  Combining the columns in one shell allows the removal of the condenser and reboiler from the prefractionator, with a consequent reduction in energy needs.  The transition, Petyluk, and dividing-wall arrangements are shown in Figure 1.
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Figure 1.  a)  Transition split arrangement (adapted from [2])   b) Petyluk arrangement 
c) Dividing-wall column [3]
In recent years, a large number of dividing-wall columns have been built, but there remain many questions related to their design and operation.  Here we look at the energy efficiency of dividing-wall columns.

Previous research [4] has shown that in a simple distillation column, energy efficiency of a configuration is directly related to length of the stripping line.  The stripping line is the composition profile for the lower portion of the column.  It is unknown if this relationship is also true of dividing-wall columns.  In addition, in view of the complexities introduced by the presence of recycle streams, it is unclear how the stripping line should be defined for this type of column.  As a step towards understanding the stripping lines of dividing-wall columns, several models were examined.  All of the models developed in this work used mass balances and a relative volatility model for vapor-liquid equilibrium.  


For a simple column, a bottom-up stage-by-stage calculation method can be used.  Given the bottom products and the stripping ratio, the composition profile in the simple column may easily be calculated.  With a dividing-wall column, however, this approach does not work.  The composition of the liquid stream from the prefactionator to the main column is not known in advance and must be guessed, and then corrected once the compositions of the rest of the column are calculated.  We were not able to get a stage-to-stage method to converge for a dividing-wall column.

If the whole column is considered at once, instead of stage-by-stage, then results may be obtained more readily.  In this stagewise model, mass balances and vapor-liquid equilibrium equations are written for each stage in relation to the stages before and after.  These equations are then modified to account for the prefractionator and sidestreams.  Newton’s method was used to calculate the flows and mole fractions of the streams between the stages.  However, there may be hundreds of equations to be solved all at once, even for a relatively small column.  This becomes very time-consuming for large dividing wall columns, so we searched for an alternative and faster method.
Tearing methods are used to solve large systems of equations that can be broken into smaller subsystems with related variables.  In the case of the dividing-wall column, if the feed and product flows are given, as well as either the reflux or stripping ratio, then all of the inter-stage flows can be calculated, assuming constant molar overflow.  The material balances for each component, form an almost-tridiagonal matrix equation that can be solved using the Kubicek algorithm [5].
The profile of a dividing-wall column shown in Figure 2 has been obtained using Newton’s method.  The red line is the composition profile in the main column, and the blue line is the profile of the prefractionator.  The stripping line begins at the bottom product, but when the column splits it could follow either the main column or the prefractionator.  With more stages, the three products will move closer to the pure component corners of the diagram.
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Figure 2.  Composition profile in a dividing-wall column, with r = 10 and 44 total stages.


Using these models, we will 

· Define the stripping line for a dividing-wall column

· Show that the shortest stripping line corresponds to the most energy efficient configuration.
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