
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Mass transfer effects in distillation

Springer, P.A.M.

Publication date
2004

Link to publication

Citation for published version (APA):
Springer, P. A. M. (2004). Mass transfer effects in distillation. [Thesis, fully internal,
Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/mass-transfer-effects-in-distillation(49618671-c8db-40e6-af48-643c28571b41).html


Chapter 10 Conclusions 

Chapter 10 

Conclusions 

10.1 Preface 

Throughout this dissertation, the presented work has been summarized directly at the end of 
each concerning chapter. Even so, I would like to give a (repeating) 'domed' conclusion of all 
the work discussed in this thesis. Before doing so, it is worth-mentioning to point out in 
particular the enormous amount of preformed experiments with the various binary, ternary 
and quaternary homogeneous and heterogeneous azeotropic distillation mixtures. Based on all 
the experimental findings for the column composition trajectories under total reflux 
conditions for all these systems, it is fair to say that the (in earlier chapters mentioned) 
inferences with regard to the influence of mass transfer effects on azeotropic distillation 
becomes more effective. 
Next, the development of our rigorous nonequilibrium stage model in which proper account is 
taken of mass transfer effects, plays an important role. Only when this NEQ model is used for 
calculations, the experimental results can be reproduced for our ternary and quaternary 
mixtures, showing (in many cases) column composition profiles being completely against the 
distillation rules known from the textbooks (Levy et al., 1985). Hence, it may be concluded 
that the divergent behavior of the observed column composition trajectories for total reflux 
operations (closed system), are caused by multicomponent mass transfer effects. 

10.2 Summary of conclusions 

The following major conclusions can be drawn from the work presented in this dissertation 
concerning the examination of all ternary and quaternary azeotropic distillation systems. 
• The experimentally measured composition trajectories during distillation of homogeneous 

ternary and quaternary mixtures, under total reflux conditions in a laboratory scale bubble 
cap distillation column demonstrate that crossing of distillation boundaries (lines or 
surfaces) is possible. Even when the boundary is (nearly) a straight-line (Water- Ethanol 
- Acetone system) or a flat surface, this phenomenon will be observed, provided that the 
measured profiles are located within a certain region from the distillation boundary. 

• An NEQ stage model is able to model all our experimental results. The experimental 
results agree very well w ith the developed model, described in Chapter 4. The NEQ stage 
model correctly anticipates boundary crossing when this experimentally also occurs. If 
experimentally no boundary crossing is observed, the NEQ stage model is still doing a 
better job in predicting the trajectories compared to an EQ stage model, assuming equal 
component efficiencies. 

• An EQ stage model fails to anticipate boundary crossing in any experiment with any 
examined (ternary or quaternary) mixture. The EQ model provides a much poorer 
representation of the column composition trajectories and do not agree qualitatively with 
the experimental results. While (in all homogeneous cases) the experimentally measured 
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trajectory shows that the column gets progressively richer in water as we proceed down to 
the reboiler, the EQ trajectory predicts that the column gets progressively richer in 
ethanol. 

• The differences in the NEQ and EQ trajectories emanate from differences in the 
component Murphree efficiencies. These in turn can be traced to differences in the binary 
pair vapour phase diffusivities £>v,ij. 

Continuing the work with heterogeneous azeotropic systems, the following conclusions could 
be drawn. 

• For both the water - ethanol - cyclohexane and the water - acetone - toluene system, the 
NEQ stage model is superior to the EQ stage model in its ability to predict column 
composition trajectories. 

• Experiments with the water - ethanol - cyclohexane system in different operating regions 
of the residue curve map, showed that the use of an EQ stage model (with assumption of 
equal component efficiencies) is not sufficient to describe the column composition 
trajectories for all possible operating regions. The earlier drawn conclusion by Muller et 
al. (1997) can only be applied in restricted regions of the composition space triangle, see 
Chapter 8. 

The study on all homogeneous ternary azeotropic mixtures, assisted by the quaternary 
azeotropic mixture, demonstrates that for reliable simulation of distillation of azeotropic 
systems exhibiting a distillation boundary, we must adopt a rigorous NEQ stage model. For 
example, it can turn out that some designs, initially considered to be possible purely based 
on EQ stage models, become infeasible when mass transfer effects are considered. Also the 
opposite might occur that differences in the EQ and NEQ distillation column trajectories 
could be exploited by the engineer in order to obtain process designs that could not be 
contemplated if mass transfer effects were ignored. This brings us to the final part of this 
dissertation, which deals with one design problem: the required number of stages in order to 
fulfil a desired product specification like product-purity. 

• The amount of stages required in a distillation column is differently predicted by an EQ 
stage model that assumes equal component efficiencies on the one hand and a NEQ stage 
model with inclusion of diffusional interaction (mass transfer) effects on the other hand. 

• For example the water-ethanol-acetone system, an EQ model predicts more stages 
required on the water-rich side of the distillation boundary, whereas the NEQ stage 
model predicts more stages on the left hand side of the same distillation boundary. Even 
within one distillation/operation region, the differences between the two model 
predictions are not ambiguous. Hence, a so-called standard correction-factor for one and 
the same distillation mixture for proper use of the EQ stage model can never be used 
with 100% certainty. 

• As mentioned, different composition trajectories are followed by the NEQ stage model (in 
relation to the EQ model) due to differences in the component efficiencies. This implies 
that the deviation of the traject can be encouraged (or in the same way discouraged) by 
higher (or lower) individual component efficiencies considering the desired path to be 
followed and/or product specification to be reached. 

• Since all individual component efficiencies for all kinds of mixtures cannot be known in 
advance, the use of an EQ stage model in a proper way becomes infeasible. Therefore, it 
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is better to use a rigorous NEQ stage model with inclusion of diffusional interaction 
effects for which all these information is not required in advance. 
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