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Implementation and Operation of a
Dividing-Wall Distillation Column

The design and construction of a prototype of a dividing-wall distillation column
was possible by integrating previous knowledge in process intensification, energy
savings, theoretical control properties, and closed-loop dynamics of thermally
coupled distillation sequences. In order to achieve the predicted energy savings
for this class of complex distillation column, a dividing wall and a side tank were
implemented in order to manipulate the internal flows associated with energy
consumption. The reaction between ethanol and acetic acid was conducted with-
in the prototype, and the experimental results indicate that a heterogeneous mix-
ture of ethyl acetate and water is obtained as the top product. The temperature
profile measured during the experimental run can be used for controlling the
batch distillation column in cyclic operation mode.
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1 Introduction

Distillation remains as the most-used separation technique for
liquid mixtures despite of its high energy consumption and
low thermodynamic efficiency [1]. In this context, several
studies have been conducted in order to reduce the energy
consumption in distillation; for example, some authors have
improved the internals of the column by either using struc-
tured packings or by developing new configurations that are
capable of reducing energy consumption [2—4]. The most
common configurations used to reduce energy demands in
distillation are called thermally coupled distillation sequences
(TCDS). A TCDS can reduce energy consumption by between
30 and 50 % in comparison to classical distillation sequences
for the separation of ternary mixtures or even more compo-
nents [5-8]. TCDS have gained significance because of the
need for more efficient separation alternatives that can be used
to mitigate high energy demands. Many theoretical studies
have shown that potential energy savings can be achieved
through the use of these complex distillation sequences with-
out introducing additional control problems [9]. In this
respect, the theoretical control properties and closed-loop
dynamic simulations for TCDS have resulted better than those
of conventional distillation sequences. Among these complex
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distillation options, the Petlyuk distillation column has gained
importance in industrial practice because its implementation
is possible by using a single shell and a dividing wall. The flows
around the dividing wall play an important role since the ener-
gy consumption depends strongly on the values assigned to
these flows.

Based on the many theoretical contributions to TCDS de-
sign and control, their pilot-scale and industrial implementa-
tions have been possible due to the development of the divid-
ing-wall distillation column (DWDC) [10]. The DWDC is
thermodymically equivalent to the most popular thermally
coupled system, named Petlyuk distillation column.

The literature reports significant advances towards the real
implementation of a DWDC, proposing novel designs like the
non-welded DWDC [3]. By considering new trends in process
systems engineering, such as process intensification, it is possi-
ble to propose new applications of the DWDC configuration
[11]. Perhaps the most important illustration of process inten-
sification is the reactive distillation column, which combines
reaction and separation in the same unit [12]. Using the same
approach, if reactions are carried out in a DWDC, additional
benefits are expected, e.g., a reduction in energy consumption
and miniaturization of the distillation column (as a result of
reduction of energy consumption and internal flows). Further-
more, reductions in energy consumption can be translated into
less greenhouse gas emissions and less use of cooling water in
the condensers.

In light of these ideas, a DWDC has been designed, imple-
mented, instrumented and controlled to study the reactive dis-
tillation. This work presents the details of the energy-efficient
design and some preliminary tests on reactive distillation.
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2  System Analyzed

Among the several aspects that must be considered during the
design and implementation of a DWDC, two critical issues can
be identified. The first one is associated with the wall that is
introduced in the middle section of the DWDC, since this
important element allows the practical implementation of the
Petlyuk distillation column. In principle, no heat transfer must
occur through the wall in order to obtain a DWDC equivalent
to a Petlyuk distillation column; as a result, insulation of the
wall might be necessary. However, according to exergy analysis,
insulation of the wall is not necessary since heat transfer
through the wall might be beneficial [13]. In fact, the net ener-
gy balance through the wall does not have a significant effect
on the energy performance of the DWDC; therefore, the im-
plementation and costs of insulation of the wall can be
avoided.

The second crucial aspect is related to the liquid flows to
both sides of the wall in the upper section of the column. It
has been reported that the energy demand of the DWDC
strongly depends on the values of the interconnecting liquid
and vapor flows. For a fixed wall, the flows of gas to both sides
of the wall depend on internal pressure drops, but the flows of
liquid can be manipulated externally by using a side tank. This
external tank plays an important role in fixing the appropriate
values of reflux rates to both sides of the wall, leading to reduc-
tions in energy requirements.

The system considered in our implementation is the reac-
tion between ethanol and acetic acid to produce ethyl acetate
and water, using sulfuric acid as liquid catalyst (Eq. (1)). Since,
the reactive system is highly corrosive, Teflon™ was used in
the interconnection of the different parts of the DWDC. The
internal packings of the distillation column were also designed
and constructed by using Teflon.

Ethanol + Acetic Acid @ Ethyl Acetate + Water (1)

3  The Energy-Efficient Design of the
DWDC

Using the method reported by Herndndez and Jiménez [14],
the first step for the design of the DWDC is to calculate the
minimum energy required in the reboiler and the amount of
energy to be removed in the condenser of the column. The
minimum values of cooling and heating requirements are asso-
ciated with the values of the interconnecting streams. The
DWDOC system has an internal diameter of 0.17 m, with a total
height of the packed bed of 2m; details of the design of the
DWDC system are presented in the work of Herndndez et al.
[15].

Steam at 5atm and cooling water at 20 °C are available in
the authors’ experimental laboratory. The reboiler was de-
signed for a maximum load of 3 kW; it was implemented as a
spiral heat exchanger. Stainless steel 316L was considered for
the tubing because of the corrosive reactive mixture. The
details of the reboiler can be seen in Fig. 1.
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Figure 1. Reboiler of the DWDC prototype.

The condenser was designed for a maximum load of 3 kW.
The construction material was also stainless steel 316L because
of the direct contact with the mixture in the vapor phase. The
resulting condenser uses a double spiral of tubing because of
the reduction in space in the experimental laboratory. The fi-
nal design is shown in Fig. 2.

The body of the DWDC consists of three sections. The
upper and lower sections are conventional sections, but it is

Figure 2. Condenser of the DWDC prototype.

Figure 3. Distributor tray in the upper section of each packed
section.
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Figure 4. Support tray in the lower section of each packed sec-
tion.

necessary to consider the design of the distributor of the liquid
in the upper section (Fig.3) and the support stage (Fig.4) in
the lower section.

On the contrary, the middle section is characterized by a
wall placed inside the main shell, which plays an important
role in the operation of the DWDC [16]. Many practical im-
plementation problems need to be addressed. For instance, the
wall and shell are constructed of stainless steel 316L and, there-
fore, the fit is not perfect; then, vapor and liquid may be trans-
ferred between both sides of the wall. In order to avoid this
problem, it was necessary to incorporate a thin flat sheet of
Teflon between the wall and the cylindrical body of the shell.
The wall can be seen in Fig. 5.

The side tank is also considered a key part in the design and
operation of the DWDC prototype. The liquid leaving the
upper section of the distillation column is withdrawn to the

Figure 5. Wall in the middle section of the DWDC prototype.

Figure 6. Side tank implemented in the DWDC prototype.
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Figure 7. Final implemented DWDC.

side tank, using two valves, as depicted in Fig. 6; two liquid
flows are returned to both sides of the dividing wall. These
valves are used for manually controlling the flows. It is possible
to implement control valves in order to manipulate the flows
using digital control.

Once the DWDC scheme is implemented, the instrumenta-
tion has to be completed. The experimental column is instru-
mented using six thermocouples connected to a computer via
a Siemens acquisition data. Thermocouple T, is used to mea-
sure the temperature in the reboiler. Thermocouple T is lo-
cated in the middle section of the packed section mounted on
the reboiler. Thermocouples T3 and T, measure the tempera-
tures at both sides of the dividing wall section. Ts is inserted in
the packed section below the condenser and T is in the con-
denser section.

The amount of vapor supplied to the reboiler is controlled
by using a pneumatic valve connected to the computer via the
same electronic system. This control loop is currently under
operation. The final implemented prototype of the DWDC is
shown in Fig. 7.

4 Results

Currently, the experimental DWDC prototype is operated at

total reflux, since operating the column in cyclic batch mode
presents some benefits according to the work
reported by Peng et al. [17]. The cyclic operation
mode implies changes from total reflux to total
withdrawal, and vice versa, for certain periods of
time. This operation mode has its benefits, like
maximum separation capacity, appropriate opera-
tion and control, and a reduction in time, in com-
parison to the classical constant reflux or constant
distillate composition operation policies.

After introducing stoichiometric amounts of
ethanol and acetic acid into the reboiler and add-
ing sulfuric acid as catalyst, the heating is turned
on by using the control interface. The cooling
water valve is opened in manual operation mode.
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Figure 8. Two liquid-phase products obtained in the distillate of
the DWDC.

Operation at total reflux takes place until the temperature pro-
file registered in the interface remains constant. At that time,
product is taken off as distillate. The product obtained is illus-
trated in Fig. 8. It can be seen that two liquid phases are pres-
ent. In fact, the top product is a heterogeneous azeotrope that
forms two liquid phases (Fig.9). One liquid phase is rich in
ethyl acetate and the second one is mainly water. Interestingly,
this result is in agreement with the dynamic simulations re-
ported by Herndndez et al. [15] for dual temperature control,
since the control of the composition of ethyl acetate was made
using inferential control. The dynamic responses of the com-
position of the distillate were around 0.65 mole fractions of
ethyl acetate, which is close to the composition of the hetero-
geneous azeotrope (0.67 mole fractions of ethyl acetate).

The temperature profile indicated in Fig. 10 can be used for
the control of the cyclic operation mode. This temperature
profile can be used for cyclic control since, in practice, the on-

Figure 10. Experimental temperature profile of the DWDC.
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Figure 9. Ternary map for the system water/ethanol/ethyl acetate
at 604 mm Hg.

line implementation of a gas chromatograph is difficult and
expensive. Also, the implementation of an online measurement
of composition can lead to control problems because of the de-
lay in the measurements. Additionally, the temperature regis-
tered in the top section of the DWDC is around 63 °C, which
is close to the boiling temperature of the heterogeneous azeo-
trope (65.2 °C) indicated in Fig.9. This result supports that
the composition at the top of the DWDC is close to the hetero-
geneous azeotrope ethyl acetate-water, at an operational pres-
sure of 604 mm Hg that is considered constant.

It is important to mention that the experimental run is in
agreement with the closed-loop dynamic behavior expected
for the reactive case. This result corroborates the potential ap-

plication of DWDC for reaction and sepa-
ration according to the principles of pro-
cess intensification. As ongoing research,
more results about the control of the
DWDC will be obtained shortly. This is im-
portant because the comparison has been
made between the steady-state results of
the simulation and the experimental results
under total reflux conditions.

5 Conclusions

The successful design and implementation
of a DWDC were achieved by applying
basic process intensification principles. The
instrumentation, acquisition data, and the
control interface were also implemented
for future studies in the control of a di-
viding-wall reactive distillation column in
cyclic batch operation mode. For the reac-
tive system considering total reflux, the re-
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sults indicate that an azeotrope (ethyl acetate-water azeotrope)
is obtained as the distillation product. This result is in agree-
ment with simulations. An experimental temperature profile
can also be measured, and it can be used for controlling the
distillation column in the cyclic batch operation mode.
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