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Chapter 9 Consequences in Design 

Chapter 9 

Consequences in design 

9.1 Introduction 

Nowadays, the design of separation flowsheets in which multistage processes are involved, 
such as distillation and absorption, is still a topic of major importance in chemical 
engineering. Since this is rarely, if ever, an easy and straightforward task, essential preceding 
rigorous simulations have to be performed to eventuate in a proper design. However more 
often than not, these simulations are still based upon the equilibrium stage model, whereas for 
instance during actual distillation, the stages are hardly never at equilibrium; despite of all 
attempts to approach as good as possible this condition by the best kind of designs and 
operating specifications. In order to cope with this "problem", column- or stage efficiencies 
are introduced and even extra margins are often used to defend the engineers from "under-
design". Nevertheless, the determination of the correct stage efficiencies for all kind of 
multicomponent separation processes is a tough task, if not impossible or inequitable. Yet 
besides the difficult estimation, it is well-known to better incorporate individual component 
efficiencies more than stage efficiencies (Seader & Henley, 1998; A.I.Ch.E, 1958; Chan & 
Fair, 1983; Zuiderweg, 1982; Rao et al., 2001; Alopaeus & Aittamaa, 2000; Lockett, 1986 
and Stichlmair & Fair, 1998). Therefore, the use of simulation programs for distillation 
columns with incorporated "real" or non-equilibrium trays should be stimulated as much in 
order to help the engineer to get more realistic designs. So far, the departure of these real trays 
from equilibrium behavior is allowed for in the simulation programs in either of two ways. In 
the first procedure, the user is allowed to specify the individual component Murphree 
efficiencies for each stage. These component efficiencies can be estimated "off-line" by using 
the various mass transfer correlations (A.I.Ch.E, 1958; Chan & Fair, 1983; Zuiderweg, 1982; 
Rao et al., 2001 and Alopaeus & Aittamaa, 2000) as discussed in the standard texts on 
distillation (Seader & Henley, 1998; Lockett, 1986 and Stichlmair & Fair, 1998). The second 
approach, which is gaining currency, is to use a fully rate-based approach. In this approach, 
the interphase mass and heat transfer equations are solved simultaneously along with the 
interphase equilibrium relations for each stage (Krishnamurthy & Taylor, 1985; Taylor et al., 
1994; Kooijman & Taylor, 2001; Agarwal & Taylor, 1994 and Taylor & Krishna, 1993). In 
the rate-based approaches, the interphase mass transfer relations are invariably based on the 
Maxwell-Stefan diffusion equations in either fluid phase (Taylor & Krishna, 1993; Krishna & 
Wesselingh, 1997 and Wesselingh & Krishna, 2000). In recent times, the rate-based approach 
has already been applied to simulate various complex flow patterns on distillation trays 
(Pagani et al., 2001 and Muller & Segura, 2000) and to model maldistribution in packed 
distillation towers (Higler et al., 1999). Furthermore, the rate-based approach has also been 
extended to include three-phase distillation (Eckert & Vanek, 2001), sour-gas absorption 
(Pacheco & Rochelle, 1998) and reactive distillation (Taylor & Krishna, 2000). 

There is some evidence in the published literature that experimentally measured composition 
profiles in distillation columns are better simulated with these models based on the rigorous 
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Maxwell-Stefan diffusion equations rather than with simpler models that assume equal 
component efficiencies (see also chapter 6, 7 and 8). 
As shown, the NEQ stage model is able to model all experimental results and correctly 
anticipates the (crossing) distillation column trajectories. An EQ stage model on the other 
hand, fails to anticipate those trajectories in any experiment and provides a much poorer 
representation and do not even agree qualitatively with the experimental results. Based on 
these examples, it is fair to mention that also for reliable design of distillation of azeotropic 
systems, we must adopt the nonequilibrium stage model. That differences in possible design 
can be expected when different models are used is clear. An example is given by the work of 
Krishnamurthy & Taylor (1985). They showed that large differences can be expected between 
the number of stages predicted for a specific separation of the more volatile component by 
two different models. A conventional equilibrium stage model that uses a component-
independent stage efficiency and a nonequilibrium stage model, in which mass transfer rate 
equations are solved simultaneously with the stage conservation equations. For four 
representative distillation design problems, the amount of stages needed in order to fulfill the 
separation specifications is about twice as much predicted with the NEQ stage model with an 
interactive model of mass transfer (inclusion of diffusional interaction effects), compared to 
the number of stages needed predicted by an equilibrium stage model with a stage efficiency 
of unity. They also concluded that the equilibrium stage model is seen to under-predict 
severely the number of stages for a given separation, which possibly explains the large safety 
factors that are normally associated with industrial column designs based on this model. The 
NEQ stage model on the other hand is physically more realistic and provides a more rational 
approach to the design and simulation of multicomponent separation processes 
(Krishnamurthy & Taylor, 1985). However, according to their published results another 
conclusion could be drawn that the amount of stages required by the NEQ stage model is 
always about twice as much as predicted with the EQ stage model. Hence, one could argue 
that the EQ stage model is still very well to be used for design and simulation of 
multicomponent separation processes, as long as 'certain' safety factors are taken into 
account. 

The major objective of this chapter is to extend the earlier work of Krishnamurthy and Taylor 
(1985) and to demonstrate that differences in design are beyond doubt to be expected when 
different models are used. However, the departure from their work is that this chapter will 
show that in general the number of stages required by a nonequilibrium stage model is not 
always necessarily higher than required by an equilibrium stage model in order to fulfill a 
specific desired separation. The intention is to show that the region of the composition 
triangle in which a distillation column is operating will have a great impact on the required 
number of stages for any desired specification, predicted with a conventional equilibrium 
stage model on the one hand and a nonequilibrium stage model with inclusion of diffusional 
interaction effects on the other hand. Additionally, it will be shown that the different 
component efficiencies throughout the whole composition triangle are determinative herein. 
The system used in this chapter for examination is the ternary mixture water (1) - Ethanol (2) 
- acetone (3), which has a binary minimum boiling azeotrope between water and ethanol; an 
almost straight distillation boundary connects the azeotrope with pure acetone, see Fig. 9.1. 
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(b) 
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Fig. 9.1(a). Residue curve map for the Water (1) - Ethanol (2) - Acetone (3) system, 
showing a straight-line distillation boundary and a binary minimum boiling azeotrope 
between water and ethanol, (b) Zoomed-in version of Fig. 9.1(a). 

9.2 Simulation and problem specifications 

The prediction of the required number of stages for certain imposed product specifications is 
the only object to be investigated here. Hence, all the other "standard" specifications for the 
operating problem are defined in such a way that they apply for both models (EQ stage model 
and NEQ stage model) in order to achieve a justified comparison. Those operating 
specifications include the feed rate, its composition, thermal state, location of the feed-stage 
towards the column, operating pressure and two additional end specifications. In this work, a 
total condenser with liquid product and a reflux ratio was specified for the top part of the 
distillation column and a partial reboiler with a bottom product flow rate was specified for the 
bottom part of the distillation column. The reflux ratio was determined by solving a number 
of problems, and picking that ratio for which an optimum in bottom product purity was 
obtained by the NEQ stage model, see Fig. 9.2. Although optimization aspects were not 
issued, this little research provided that the number of required stages (for all starting 
compositions/feeds) was kept to a reasonable amount and therefore made the realization of the 
imposed product specifications more easily. 

Table 9.1 
Sieve tray distillation column hardware details 
Column diameter 
Tray spacing 
Number of flow passes 
Liquid flow path length 
Downcomer clearance 
Deck thickness 
Hole diameter 
Hole pitch 

0.8 
0.6 
1 
0.52 
0.038 
0.0025 
0.005 
0.012 

m 
m 

m 
m 
m 
m 
m 

Active area 
Total hole area 
Downcomer area 

Weir type 
Weir length 
Weir height 

76.0 % 
15.0% 
12.0% 

Segmental 
0.7408 m 
0.05 m 
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NEQ Model EQ Model (Eff: aver.) 
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Fig. 9.2. Optimal reflux ratio versus bottom product purity for one specific feed-composition 
and column configuration (a) on the left side of the distillation boundary and (b) on the right 
side of the distillation boundary. 

The reflux ratio used was 3, while the bottom product flow rate was specified to 1.75 mol/s. 
Further, the feed was in the liquid state and fed to the column at 10 mol/s. Nine arbitrary feed 
compositions were used on either side of the distillation boundary. All simulations were 
carried out at a pressure of 101.3 kPa and the ideal gas law was applied. The vapor pressures 
were calculated using the Antoine equation. The column hardware details are based on similar 
operations (Baur et a l , 1999) and tabulated in Table 9.1. 
The simulations were carried out using ChemSep developed by R. Taylor (Baur et al., 2000; 
Krishnamurthy & Taylor, 1985; Taylor et al., 1994 and Baur et a l , 1999); details are available 
at: http://www.clarkson.edti/~chengweb/faculty/tavlor/chemsep/chemsep/.html and the 
technical manual can be downloaded from this site. This manual contains details of all 
thermodynamics, hydrodynamics and mass transfer models for tray columns that have been 
implemented into the software. The mass transfer coefficients for the NEQ stage model were 
estimated using the AIChE correlation and including the liquid phase resistance (A.I.Ch.E., 
1958). The vapour and liquid were assumed to be well-mixed. No pressure drop or 
entrainment was considered. The VLE data (NRTL parameters) for the water - ethanol -
acetone system are specified in Table 9.2. 

Table 9.2 
NRTL parameters for binary mixtures at 101.3 kPa, taken from references (Gmehling & Onken, 1977). 
These parameters are used along with G„ =exp\—aiiri/)and r„ =BtjJT. 

Component i 
Water 
Water 
Ethanol 

Component j 
Ethanol 
Acetone 
Acetone 

fi„/[Kl 
624.9 
602.6 
188.9 

% 1 [K] 
-29.17 
330.5 
22.83 

«„ / [-] 
0.2937 
0.5103 
0.3006 
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In this design problem, the number of stages and feed location are unknown and therefore two 
(other) specifications have to be defined. First of all the feed location was fixed at a certain 
position towards the distillation column. For all column operations on the right side of the 
distillation boundary (see Fig. 9.1), the feed was located exactly halfway through the 
distillation column. For all column operations on the left side of the distillation boundary, the 
feed was introduced in such a way that 20% of all column-stages were located above the 
feedstage. Both feed locations are not necessarily the most optimized positions concerning 
best design, but are reasonable good positions to keep the total number of required stages to 
meet the product specifications at an acceptable quantity for all starting compositions (feeds). 
The second specification to be defined was the bottom product purity; the purity of ethanol 
had to match 96 mol % for all operations on the left side of the distillation boundary, whereas 
the purity of water had to match 100 mol % for all operations on the right side of the 
distillation boundary. 

9.3 Simulation 

9.3.1 Results 

Let us first focus on the distillation region on the left side of the distillation boundary for the 
system water (1) - ethanol (2) - acetone (3). Nine arbitrary feed composition were chosen and 
a column configuration was used as described in Table 9.1. As mentioned, the feed was 
introduced to the column in such a way that 20% of all column-stages were located above the 
feedstage. For each feed composition, the number of required sieve trays (in order to meet a 
bottom product purity for ethanol of 96 mol % were predicted using two different models: a 
conventional equilibrium (EQ) stage model that uses a component-independent stage 
efficiency and a nonequilibrium (NEQ) stage model, in which mass transfer rate equations are 
solved simultaneously with the stage conservation equations. Furthermore, the EQ stage 
model was used in two ways: with 100% stage efficiency (for each component) and with an 
average (aver) stage efficiency (for each component the same on each stage!) based on the 
average component efficiency calculated/obtained by the NEQ stage model. The average 
stage efficiency used for the EQ stage model (and thus obtained from the NEQ stage model 
simulation) can be different for each single run when a different feed composition is used. 
The simulation results for the nine feed composition on the left side of the distillation 
boundary are tabulated in Table 9.3(a). 

Overall, we see that the number of stages predicted by the NEQ stage model is higher than 
predicted by an EQ stage model for which an equivalent average stage efficiency is used. We 
also see that there is no general relation between the predictions of these two models. In other 
words, the introduction of a so-called safety factor will become a very difficult if not 
impossible task. In table 9.3(a), the suitable correction factors for every single run are 
presented and they show that its value might lie between 0.94 - 1.74 for this particular ternary 
azeotropic system. Note: this table shows the results for which only feed compositions on the 
left side of the distillation boundary are used. 
To show the difference between the two model predictions in a more graphical way, the 
results for one run (presented in bold in table 9.3(a)) are also plotted in Fig. 9.3(a-b). On the 
left hand side of the figure (Fig. 9.3(a)), the mole fraction/purity of the bottom product 
ethanol is plotted versus the number of stages for both models. The graph clearly shows that 
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Table 9.3(a) 
Number of stages required to fulfil a product specification of 96 mol % of Ethanol, using nine different 
starting compositions (feeds). 

Comp: Comp: Comp: 
Water Ethanol Acetone 

r-i r-i i-] 
0.015 0.25 0.735 

Correction factor: 1.56 

0.015 0.3 0.685 

Correction factor: 1.12 

0.022 0.3 0.678 

Correction factor: 1.74 

0.029 0.4 0.571 

Correction factor: 1.34 

0.03 0.5 0.47 

Correction factor: 1.18 

0.046 0.5 0.454 

Correction factor: 1.37 

0.03 0.6 0.37 

Correction factor: 1.09 

0.065 0.7 0.235 

Correction factor: 1 

0.079 0.8 0.121 

Correction factor: 0.94 

Bottom prod. 
Flowrate 
[mol/s] 

1 
1.5 

1.75 
2 

1 
1.5 

1.75 
2 

1 
1.5 

1.75 
2 

1 
1.5 

1.75 
2 

1 
1.5 

1.75 
2 

1 
1.5 

1.75 
2 

1 
1.5 

1.75 
2 

1 
1.5 

1.75 
2 

1 
1.5 

1.75 
2 

NEQ model 
(A.I.Ch.E) 

Nr. Stages [-
22 
30 
39 
60 

16 
18 
19 
21 

33 
48 
68 
108 

28 
36 
43 
55 

16 
18 
20 
22 

44 
66 
93 
168 

11 
11 
12 
12 

39 
49 
60 
83 

44 
58 
78 
178 

EQ model 
(100%) 

Nr. Stages [-
8 
10 
13 
17 

7 
8 
8 
9 

10 
14 
18 
23 

10 
12 
14 
17 

7 
7 
8 
8 

16 
22 
28 
48 

5 
6 
h 

o 

16 
20 
24 
33 

1') 
25 
33 
63 

EQ model 
(average %) 

Nr. Stages [-
18 
21 
25 
33 

14 
16 
17 
19 

24 
32 
39 
52 

23 
28 
32 
38 

14 
16 
17 
18 

41 
53 
68 
109 

10 
11 
11 
11 

43 
52 
60 
78 

50 
64 
83 
158 
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Table 9.3(b) 
Number of stages required to fulfil a product specification of 100 mol % of water, using nine different 
starting compositions (feeds). 
Comp: Comp: Comp: 
Water Ethanol Acetone 

i-i H r-i 
0.4 0.4 0.2 

Correction factor: 0.88 

0.3 0.3 0.4 

Correction factor: 0.85 

0.23 0.23 0.54 

Correction factor: 0.71 

0.25 0.25 0.5 

Correction factor: 0.79 

0.225 0.225 0.55 

Correction factor: 0.69 

0.2 0.05 0.75 

Correction factor: 0. 79 

0.2 0.1 0.7 

Correction factor: 0.59 

0.25 0.4 0.35 

Correction factor: 0. 74 

0.3 0.4 0.3 

Correction factor: 0.84 

Bottom prod. 
Flowrate 
[mol/s] 

1 
1.5 
1.75 

2 

1 
1.5 
1.75 

2 

1 
1.5 
1.75 

1 
1.5 

1.75 
2 

1 
1.5 

1.75 

1 
1.5 

1.75 
2 

1 
1.5 

1.75 

1 
1.5 

1.75 

1 
1.5 

1.75 
2 

NEQ model 
(A.l.Ch.E) 

Nr. Stages [-
13 
13 
14 
15 

14 
16 
17 
20 

16 
21 
30 

15 
18 
23 
45 

16 
22 
35 

14 
20 
30 

16 
21 
43 

19 
26 
52 

16 
18 
21 
26 

EQ model 
(100%) 

Nr. Stages [-] 
7 
7 
7 
8 

7 
8 
9 
10 

8 
10 
16 

8 
9 
11 
27 

8 
11 
19 

7 
9 
15 

8 
10 
2-1 

9 
13 
27 

8 
9 
10 
13 

EQ model 
(average %) 

Nr. Stages [-
14 
15 
16 
17 

16 
18 
20 
24 

19 
26 
42 

17 
22 
29 
69 

19 
27 
51 

17 
23 
38 

19 
26 
73 

23 
33 
70 

18 
21 
25 
3.3 
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NEQ Model EQ Model (Eff: aver.) 

16 24 32 40 

Number of Stages / [-] 

16 24 32 40 

Number of Stages / [-] 

(hi 

0.00 0.03 0.06 

Water Composition / [-] 

(d) 

0.0 0.2 0.4 0.6 0.8 1.0 

Water Composition / [-] 

Fig. 9.3(a). Required number of stages for a bottom product of 96 mol% ethanol for the run 
represented in bold in Table 9.3(a) and (b) its composition trajectories predicted by the NEQ 
and EQ stage model, (e) Required number of stages for a bottom product of 100 mol% water 
for the run represented in bold in Table 9.3(b) and (d) its composition trajectories predicted 
by the NEQ and EQ stage model. 

the NEQ stage model (denoted by circles) requires more stages than the EQ stage model 
(triangles) to fulfil the product specifications (96 mol % ethanol); absolute difference is 
indicated by the thick line above the graph. On the right hand side of the figure (Fig. 9.3(b)), 
the composition profiles for both models are plotted in the residue curve map for the water -
ethanol - acetone system. This graph shows that the profile obtained with the NEQ stage 
model has a tendency to direct to the right and therefore needs a longer route to its final goal 
(96 mol % ethanol). 
The same strategy (or method) was used for nine arbitrary feed compositions that lie on the 
right hand side of the distillation boundary that connects the water-ethanol azeotrope with 
pure acetone. The only contrast with the foregoing is that for these nine simulation runs the 
feed was located exactly halfway through the column. The simulation results for the nine feed 
composition on the right-hand side of the distillation boundary are tabulated in Table 9.3(b). 
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This time, we see that the number of stages predicted by the NEQ stage model is always 
lower than predicted by an EQ stage model for which an equivalent average stage efficiency 
is used. Again, no general relation between the predictions of the two models can be 
observed. Likewise, the suitable correction factors for every single run are presented in Table 
9.3(b) and this time they show that its value might lie between 0.59 - 0.88. Recapitulated, the 
correction factor used in design for the determination of the required number of stages based 
on an EQ stage model may vary between 0.59 - 1.74 when a ternary azeotropic mixture of 
water - ethanol - acetone is involved. This of course is an unacceptable wide range for an 
adequate useful correction- or safety factor. In fact, the question whether actual stages should 
be added or even removed cannot be properly answered after an EQ stage model is used for 
calculation. 
For one run from those on the right-hand side of the distillation boundary (presented in bold 
in table 9.3(b)), the EQ - and NEQ stage model predictions are plotted in two graphs in Fig. 
9.3(c-d). The nearside graph (Fig. 9.3(c)) shows that this time the NEQ stage model (denoted 
by circles) requires less stages than the EQ stage model (triangles) in order to fulfil the 
product specifications (100 mol % water). The same was observed for all the other eight 
simulation runs with their feed compositions on the water-rich side of the distillation 
boundary. The offside graph (Fig. 9.3(d)) shows that the composition profile obtained with 
the NEQ stage model has the tendency to direct to the right again. However, this time it 
causes a shorter route towards the pure water corner and therefore brings about a reduction in 
the required number of stages compared to the EQ stage model. 

9.3.2 Explanation 

One observable explanation for the differences in the prediction of the required number of 
stages by the EQ stage model versus the NEQ stage model is the deviation in composition 
profile direction. From stage to stage going from the condenser composition towards the 
reboiler (bottom-product) composition, the NEQ stage model trajectory tends to deviate to the 
right compared to the EQ stage model trajectory. In order to understand this phenomena, we 
have to consider the component Murphree stage efficiency (see also the discussion in earlier 
chapters; chapters 6.6 & 7.4). For the EQ model the component efficiencies are all equal to 
one another. For the NEQ model on the other hand, the component efficiencies will, in 
general, differ from one another. For both specific runs discussed in more detail above, the 
component efficiencies are plotted along the distillation column in Fig. 9.4(a-b). For binary 
mixtures, the component efficiencies are bounded and lie between zero and unity. For 
mixtures with tree or more components, the component efficiencies are unbounded and can 
assume values ranging from -oo to +co. From Fig. 9.4, it is clear that for this ternary azeotropic 
system the component efficiencies are all different form one another and vary from stage to 
stage. Differences in the component efficiencies cause the actual composition trajectory 
followed on any given stage (V\,L - >'J.E) to deviate form the trajectory dictated by the 
equilibrium direction (v'i —yip). 

Based on Fig. 9.4, a second remark can be made concerning the differences in component 
stage efficiencies for the water - ethanol - acetone system. Contemplated the whole column, 
the component efficiencies for water are about 15% higher than the component efficiencies 
for ethanol and about 25% higher than the component efficiencies for acetone. Since only the 
NEQ stage model takes those individual component efficiencies into account, it is not 
surprisingly that for the simulation runs towards the bottom product of pure water, the NEQ 
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Water —_•— Ethanol —A— Acetone 

(a: left side boundary) (b: right side boundary) 

8 16 24 32 40 6 12 18 24 30 

Number of Stages / [-] Number of Stages / [-] 

Fig. 9.4(a). Murphree component efficiencies along the distillation column for the run 
presented in bold in Table 9.3(a) and (b) for the run presented in bold in Table 9.3(b). 

stage model requires less stages than the EQ stage model. In those cases, the NEQ model 
takes the full benefit of the high component efficiencies for water, whereas for the EQ model 
the efficiency for water was lowered due to the averaging (all components having the same 
averaged value) and thus makes less progress per stage in the movement towards pure water. 
For the simulation runs on the left side of the distillation boundary (high purity of ethanol as 
bottom product), the opposite story becomes effective. The higher component efficiencies for 
water are now useless and in fact only inflict that the NEQ composition trajectory moves 
away from the desired bottom product. At the same moment, the lowering of the component 
efficiency for water (due to the averaging) and simultaneously the increasing of the 
component efficiency for ethanol, are now to the advantage of the EQ stage model since the 
desired direction is towards ethanol. As a result, the NEQ stage model requires more stages 
than the EQ stage model in order to reach a bottom product of ethanol with a high molar 
purity. 

Although both explanations described above seem close related to one another, they have to 
be considered separately. The differences in component efficiencies cause the actual (NEQ) 
composition trajectory to deviate from the trajectory dictated by the EQ model. Meaning that 
both models (can) follow a slightly different path towards their "goal". Once a deviation in 
composition trajectories occurs and the most favorable path is also encouraged by a higher 
component efficiency (large driving force), worth mentioning differences can be expected for 
the prediction of the required number of stages by using different models. Of course, other 
combinations are possible as well; like a favorable path that gets discouraged by a lower 
component efficiency or an unfavorable path that gets even worse due to a high component 
efficiency etc... Hence, it is the combination of both that can be very important and cause 
significant differences. 
Since the prediction of all individual component efficiencies for all kinds of systems/mixtures 
is an infeasible task, combinations like described above cannot be reckoned with. In other 
words, the implementation or use of a justified safety factor along with an EQ stage model 
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becomes infeasible when all kinds of different mixtures (and their operating regions) are to be 
considered. Hence, it is more preferable and accurate to use a NEQ stage model with 
inclusion of diffusional interaction effects. 
The same conclusion was already made when the experimental composition trajectories for 
the water-ethanol-acetone system had to be reproduced/described by both models, see chapter 
6. The NEQ stage model gave a much better representation of the column composition 
trajectories, whereas the EQ stage model even failed at a qualitative level for several 
experimental runs. Let us consider again run T2-06, see Fig. 9.5. The EQ model follows the 
trajectory dictated by the residue curve map, whereas the NEQ model has a tendency to cut 
across to the right of the residue curve like the experimentally measured composition 
trajectory is doing as well. The profiles obtained with the NEQ stage model in this chapter 
(for the prediction of the required number of stages) show the same tendency to cut across to 
the right. Hence, one could argue that the experiment T2-06 provides indirect 
support/evidence that a NEQ stage model should be used over an EQ stage model. 
(Note: indirect, since the 'design-simulations' are not completely compatible with the 
experiments and their corresponding simulations considering hardware and mass transfer 
model used). 
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Fig. 9.5. Simulation results compared with the experimental data (open circles for vapor and 
open squares for liquid samples) for run T2-06 along with the residue curve map for the 
Water (1) - Ethanol (2) - Acetone (3) system. In the NEQ model simulation, the rigid bubble 
model was used with a bubble size d^ = 4.5 mm. 
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Chapter 9 Consequences in Design 

9.4 Conclusions 

The following major conclusions can be drawn from the work presented in this chapter. 

• The required number of stages in order to fulfil imposed product specifications are 
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 effects on 
the other hand. 

• For the water-ethanol-acetone system, the EQ stage model predicts more required stages 
on the water-rich side of the distillation boundary, whereas the NEQ stage model predict 
more required stages on the left hand side of the distillation boundary. Even within one 
operating region, the differences between the predictions by an EQ stage model versus a 
NEQ stage model are not ambiguous. Hence, a so-called 'safety factor' can never be used. 

• The differences in the NEQ and EQ stage model predictions emanate from differences in 
the component Murphree efficiencies. Therefore, a different composition trajectories is 
followed by the NEQ stage models, which moreover can be encouraged (or in the same 
way discouraged) by higher (or lower) individual component efficiencies in consideration 
of the desired path to be followed and product specification to be reached. 

• Since all individual component efficiencies for all kinds of mixtures (and compositions) 
are not exactly known in advance, it is better to use a NEQ stage model with inclusion of 
diffusional interaction effects. 

The overall conclusion to be drawn from this work is that for reliable design of distillation, 
we must adopt the nonequilibrium stage model. 
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