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The divided wall column (DWC) can achieve sharp separations of three or more 
components in a single shell, substituting conventional sequences of two or more binary 
distillation columns, with lower expenses. Despite these advantages, DWC models are 
not available in commercial chemical process simulators. To simulate DWC, users must 
employ instances of conventional column model and couple them in different configura-
tions. In this paper, a DWC model was developed in EMSO (Environment for Modeling, 
Simulation and Optimization). DWC model was then used for simulating the separation 
of an equimolar mixture of three hydrocarbons. Results show that, depending on the 
number of trays, DWC presented energy savings compared to two ordinary distillation 
columns. Better separation was obtained when the number of divided trays was close to 
half the number of total trays. However, the liquid and vapor flow rates split into the 
divided section play a key role in the separation.
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Introduction

Proposed in the 1940s by Wright1, the divided 
wall column (DWC) is an alternative to multicom-
ponent distillation systems. This separation scheme 
integrates two conventional columns into one single 
device, and allows the sharp separation of multi-
component mixtures with a smaller amount of 
equipment. Since the first equipment implemented 
by BASF in the 1980s, several papers have been 
published aiming at the improvement of this distil-
lation system. Schultz et al.2 introduced a review of 
the developments in DWC technology in the early 
2000s, and presented guidelines for the design of 
these columns. Navarro et al.3 presented a novel 
strategy for the simulation of thermally coupled dis-

tillation sequences using process simulators, and 
showed that two side stream connections involved 
in the thermal coupling can be substituted with a 
combination of a material and an energy stream 
connecting the pre-fractionator to a main column. 
Several researchers have indicated that DWC can 
save up to 40 % of the reboiler energy consump-
tion4, and offers a potential (up to 30 %) reduction 
in investment. Aspiron and Kaibel5 showed how 
this reduction could be achieved depending on the 
configuration of the distillation system, and De-
janovic et al.6 presented relevant patents and pro-
vided information on equipment innovations and 
application areas of industrial interest. In addition 
to the reduction in equipment construction material, 
DWC can generate a saving of more than 40 % in 
the space allotted to the distillation system in indus-
trial sites (plot area)7.
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However, even given these advantages, DWC 
models are generally not available in commercial 
process simulators such as Aspen Plus®, Aspen 
HYSYS®, CHEMCAD®, ProSim®, gPROMS®, 
and PRO/II®6. In these simulators, this distillation 
system is often simulated and represented by the 
use of instances of conventional distillation column 
model in different types of couplings. Navarro et 
al.3 presented strategies for robust simulations of 
thermally coupled distillation sequences. Other 
works show the possibility of applying optimization 
models in retrofitting conventional column systems 
of Fully Thermally Coupled Distillation System 
(FTCDS)8 and process flowsheets, with direct se-
quence, indirect sequence, and Petlyuk column9, to 
reduce energy consumption and amortized capital 
expense of the DWC system, when compared to the 
conventional columns system. Recently, works have 
extended the intensification provided by DWC. 
Yang et al.10 combine vapor recompression heat 
pump (HP) to reactive divided wall columns 
(RDWC), and evaluate the effects of operating pres-
sure of the stripping section on total annualized 
costs (TAC) of the system. RDWC are also the fo-
cus of another work of the same research group11. In 
the latter work, Yang et al.11 also combine HP to 
RDWC, but waste heat of the compressed stream is 
used as heat source in Organic Rankine cycles, to 
produce clean energy. Research combining DWC-
HP coupling to heat integration (HI) can also be 
found12. Yang et al.12 explored the proposed combi-
nation of HI and DWC-HP techniques to separate 
an azeotropic mixture with lower TAC, and reduced 
CO2 emissions and exergy loss. Navarro et al.3, and 
Premkumar and Rangaiah8 used the process simula-
tor Aspen HYSYS®, Pattison et al.9 used the 
gPROMS®, and Yang et al.10–12 employed Aspen 
Plus.

Navarro et al.3 and Rahimi et al.13 presented 
some forms of simple column couplings to repre-
sent a DWC, such as Thermally Coupled Distilla-
tion (TCD), named also Fully Thermally Coupled 
Distillation Systems (FTCDS). These configura-
tions are presented in Fig. 1.

Fig. 1(a) presents a Petlyuk sequence, which is 
composed of a pre-fractionator and the main col-
umn. In the pre-fractionator, the top product is sent 
to the top of the main column, while the heavy 
product of the pre-fractionator is sent to its strip-
ping section. In the main column, the components 
are distributed through the sections, making it pos-
sible to remove another component in the interme-
diary trays of the main column14. Most of the ener-
gy savings in the Petlyuk distillation column 
arrangement are attributed to the pre-fractionator, 
because, unlike the conventional distillation system, 
this equipment provides no large separation of the 

components, which is done in the main distillation 
column. This way, instead of the pre-fractionator 
being installed outside the main column, it can be 
incorporated into the main column employing a 
wall. Thus, the configuration of the Petlyuk distilla-
tion column arrangement, as well as the liquid and 
vapor streams and their compositions, are main-
tained, and the system is reduced to a single device. 
This equivalence between the fully thermally cou-
pled column and the DWC is shown by Seider et 
al.15 and Amminundin and Smith16.

Fig. 1(b) shows three columns, presented ini-
tially by Becker et al.17, in which liquid and vapor 
flows cause a similarity to the DWC system. This 
scheme was used by Rahimi et al.13 in the modeling 
and simulation of a DWC for buta-1,3-diene purifi-
cation from a mixture of eight components contain-
ing 98.9 % of buta-1,3-diene in the feed stream. The 
four-column distillation system presented in Fig. 
1(c), where the four sections of the DWC are pre-
sented separately6, is also an option for representing 
this system. Fig. 1(d) shows a typical form of the 
pump-around column configuration, widely used as 
it has a greater convergence facility when compared 
with four-column models18,19.

Besides not providing a specific model for 
DWC, most commercial simulators do not allow us-
ers to view or modify the equations that constitute 
the available models. Users can only set model pa-
rameters.

EMSO (Environment for Modeling Simulation 
and Optimization) is an equation-oriented piece of 
software with an open-source library of unit opera-
tions models and solvers for algebraic and differen-
tial-algebraic equations. EMSO also has solvers for 
optimization problem solution, as presented by 
Soares and Secchi20, and employed by Rodrigues et 
al.21 and Henrique et al.22, to reduce the order of 
models23 or to interpolate data24. The environment 
also allows the addition of new plugins to calculate 
thermodynamic properties or to interface with other 
software and toolboxes, such as Simulink® toolbox 
of MATLAB® software25. This dynamic simulator 
is free of charge for educational and academic re-
search purposes. An interesting feature is the possi-
bility of inspection and modification of all equa-
tions the models are comprised of, as well as the 
creation of entirely new unit operations models. 
Models are coded in the object-oriented EMSO 
modeling language, with inheritance and composi-
tion properties. Since EMSO is equation-oriented, it 
assembles all equations that constitute the models 
of all units and streams of the process flowsheet, 
and solve them simultaneously. Although the equa-
tion-oriented approach avoids unit-by-unit iterations 
for converging recycle loops in steady-state process 
simulations, the fact that all equations are solved si-
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multaneously prevents the implementation of strate-
gies for circumventing local convergence problems, 
so that good initial guess for the model variables is 
required15,24. One strategy to obtain good initial 
guess is to run a dynamic simulation of the process 
for a short period, since the dynamic model can cal-
culate the evolution of all variables during process 
time. If the dynamic process is simulated for a 
while, values for all variables by the time the simu-
lation is finished are closer to steady-state values. 
So, these values can be provided as initial guess for 
the steady-state calculation, to ease convergence of 
steady-state simulation.

Since the usual representation of DWC in anal-
ysis and simulation reports in the literature is made 
with the coupling of conventional distillation col-
umn models, due to the lack of a model of DWC in 
process simulators, this paper aimed to develop a 
DWC model in EMSO. Using EMSO for this pur-
pose, the developed model is open for inspection 
and extension by any user, and its use is free of 
charge for teaching and academic research activi-
ties. It is important to draw attention to the fact that 

previous work has already made an effort to model 
DWC in a process simulator, but on a commercial 
program. Pattison et al.9 implemented a DWC mod-
el in commercial simulator gPROMS® to optimally 
design process flowsheets containing DWCs. This 
DWC model was implemented as networks of sub-
unit models (differential-algebraic equations repre-
senting a pseudo-transient model) instead of the tra-
ditional MESH equations (mass, equilibrium, mole 
fraction summation and energy equations), which 
was suitable for the flowsheet optimization task. In 
this work, the approach is based on MESH equa-
tions. So, this work presents as a novelty, the devel-
opment of a dedicated DWC model in an open-
source environment. Since the environment is free 
of charge for educational and academic research 
purposes, and in EMSO it is possible to examine 
and modify all equations of any process unit model, 
this model can serve as a basis for teaching activi-
ties, future studies on process intensification and 
optimization, as well as implementation of further 
improvements by the research community.

F i g .  1 	–	 Configurations used in commercial software to represent a divided wall column using (a) pre-fractionator system named 
Petlyuk sequence, (b) three columns sequence, (c) four columns sequence, and (d) pump-around column configuration

(a)

(b) (c)

(d)
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With the developed model, a sensitivity analy-
sis of stream composition and heat duties was then 
performed concerning design (total number of trays 
and number of divided trays), and operating param-
eters (reflux ratio and liquid and vapor splitters). 
Results were also compared to those obtained for a 
model of a conventional 2-column distillation sys-
tem in the same environment.

Methodology

DWC model development

The development of the DWC model was based 
on ordinary distillation column model, which con-
siders the MESH equations (mass, equilibrium, 
mole fraction summation and energy equations) in 
each stage26, and on quasi-steady-state assumption 
with dynamics only for the component molar bal-
ances to provide better initial estimates for steady-
state simulations.

The schematic diagram of an ordinary distilla-
tion column is presented in Fig. 2. Equations 1–13 
represent the molar balances (overall and for the 
j-th component), energy balance, and physical con-
straints at each stage i. The equilibrium relations 
and thermodynamic properties are obtained accord-
ing to Equations 14–26 for a generic stage i of the 
distillation column with { }1, 2, , 2i n∈   (where the 

condenser is represented by i = 1 and the reboiler 
by i = n2) and { }1, 2, , componentsj n∈  . Equations 
17–19 use the values that the user defines for con-
denser and reboiler vapor holdup and internal trays 
of the columns. Condenser and reboiler holdups are 
usually two orders of magnitude greater than tray 
holdups. Equation 20 uses the operating pressure, 
which must also be set by the user (as a constant 
value or a given pressure profile).

Condenser (stage 1)

	 ( )1 1 0RR V D L⋅ + − = 	 (1)

	 2 1 1 0V L D V− − − = 	 (2)

	 ( )1
1 2 2 1 1 1 1

d
d

, j
, j , j , j

x
m V y L D x V y

t
⋅ = ⋅ − + ⋅ − ⋅ 	 (3)

	 ( )2 2 1 1 1 1cQ V H L D h V H= ⋅ − + ⋅ − ⋅ 	 (4)

where RR is the reflux ratio, V is the vapor molar 
flow rate, D is the top product molar flow rate, L is 
the liquid molar flow rate, m is the molar liquid 
holdup, x is the molar fraction in the liquid stream, 
y is the molar fraction in the vapor stream, t is the 
time, Qc is the heat duty of the condenser, H is the 
vapor molar enthalpy, and h is the liquid molar en-
thalpy.

(a) (b)

F i g .  2 	–	 Schematic diagram of an ordinary distillation column with (a) generic tray i, 
and (b) feed stream and withdrawals
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Trays of rectifying and stripping sections (from stage 
2 to stage nf, and from stage nf2 to stage n1)

	 1 1 0i i i iL V L V− ++ − − = 	 (5)

	 1 1 1 1 0i i i i i i i iL h V H L h V H− − + +⋅ + ⋅ − ⋅ − ⋅ = 	 (6)

1 1 1 1

d
d

i, j
i i i , j i i , j i i, j i i, j

x
m L x V y L x V y

t − − + +⋅ = ⋅ + ⋅ − ⋅ − ⋅ 	(7)

Feed tray (stage nf1)

	 1 2 1 1 0nf nf nf nf nfF L V L V+ + − − = 	 (8) 

	
1 1 2 2

1 1 1 1 0
nf nf nf nf nf nf

nf nf nf nf

F h L h V H
L h V H
⋅ + ⋅ + ⋅ −

− ⋅ − ⋅ =
	 (9)

	
1

1 1 1

2 2 1 1 1 1

d
d
nf , j

nf nf nf , j nf nf, j

nf nf , j nf nf , j nf nf , j

x
m F z L x

t
V y L x V y

⋅ = ⋅ + ⋅ +

+ ⋅ − ⋅ − ⋅
	 (10)

where nf1 is the feed tray, F is the feed molar flow 
rate, and z is the molar fraction in the feed stream.

Reboiler (stage n2)

	 2 1 2 0n n nL L V− + = 	 (11)

2
2 1 1 2 2 2 2

d
d
n , j

n n n , j n n , j n n , j

x
m L x L x V y

t
⋅ = ⋅ − ⋅ − ⋅ 	 (12)

	 2 2 2 2 1 1r n n n n n nQ L h V H L h= ⋅ + ⋅ − ⋅ 	 (13)

where n2 is the last stage of the column (reboiler) 
and Qr is the heat duty of the reboiler.

All trays (from stage 1 to stage n2)

	 , , ,i j i j i jm M x= ⋅ 	 (14)

	 , , ,i j i j i jy K x= ⋅ 	 (15)

	
1 1

, , 0
components componentsn n

i, j i, j i, j i, j
j j

x y x y
= =

= ≥∑ ∑ 	 (16)

	 1, j condM M= 	 (17)

	 ,i j traysM M= 	 (18)

	 2n , j rebM M= 	 (19)

	 i opp p= 	 (20)

	 f( )i i i, jT p ,x= 	 (21)

	 , , ,( , , ) f ( , , )V L
i j i, j i i i j i, j i i i jK f T p y T p x⋅ = 	 (22)

	 , ,f ( , , )i j i i i jH T p y= 	 (23)

	
1

componentsn

i i, j i, j
j

H y H
=

= ⋅∑ 	 (24)

	 , ,f ( , , )i j i i i jh T p x= 	 (25)

	
1

componentsn

i i, j i, j
j

h x h
=

= ⋅∑ 	 (26)

where M is the molar vapor holdup, K is the equi-
librium constant, Mcond is the condenser molar vapor 
holdup, Mtrays is the tray molar vapor holdup, Mreb is 
the reboiler molar vapor holdup, p is the pressure, 
pop is the operating pressure (parameter set by the 
user), T is the temperature, f V is the vapor fugacity, 
and f L is the liquid fugacity.

Taking this ordinary column model as a start-
ing point, the DWC model was derived, which uses 
the nomenclature presented in Fig. 3. In this col-
umn, it is possible to choose the position of the 
wall, define the feed tray (stage nf1) and the num-
ber of divided trays. The model assumes that the 
feed and the side draw product streams are located 
at the central tray of the divided section of the 
DWC, on opposite sides of the dividing wall, as de-
picted by nf1 and nsd1 in Fig. 3. Therefore, the user 
needs only to define the number of stages, divided 
trays, and the position of the feed tray. For example, 
in a column with 27 stages, 13 divided trays and nf1 
= 15, there are eight trays above and four below the 
wall.

The liquid that comes down from tray it is split, 
and sit represents the fraction of this liquid stream 
that comes down to n0m tray (feed side). Conse-
quently, (1– sit) is the fraction of the liquid stream 
that comes down from tray it into the side draw side 
(into tray n0sd). Analogously, sib represents the 
fraction of the vapor stream that comes up from tray 
ib into the feed side (into tray n3m) and (1– sib) 
comes up into the side draw side (into tray n3sd). 
Details of these separations can be observed in Fig. 
3. For example, if the intern wall is positioned in 
the middle of the cross-section of the DWC, the 
downward liquid flow is equally divided (sit = 0.5), 
and the same happens to the upward vapor (sib = 
0.5). Due to numerical issues (avoiding indetermi-
nation and, consequently, failure in model solution), 
parameters that define liquid and vapor splits (sit 
and sib) are supposed to vary between 0.15 and 
0.85. These values were found empirically to pre-
vent model solution failure due to numerical issues 
on the equation-oriented process simulator, which 
solves simultaneously all equations related to the 
process flowsheet.

The conditions at it and ib trays are described 
by Equations 27–32. Equations 33–44 represent the 
conditions of liquid and vapor in the feed side, and 
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Equations 45–56 describe conditions on the other 
side of the wall. The equations of the rectifying and 
stripping section, above and below the divided trays 
(from stage 1 to n2t, and from stage n1b to n2), are 

similar to those of the ordinary column model. Also, 
the calculation of the thermodynamic properties is 
analogous to the one performed in the ordinary col-
umn model.

(a) (b)
F i g .  3  – Schematic diagram of the DWC with (a) trays in the neighborhood of the wall, and (b) feed stream and withdrawals

Stage it (upper thermal coupling stage)

	 2 0 0 0sd
n t n m n sd it itL V V L V+ + − − = 	 (27)

	 2 2 0 0 0 0 0sd sd
n t n t n m n m n sd n sd it it it itL h V H V H L h V H⋅ + ⋅ + ⋅ − ⋅ − ⋅ = 	 (28)

	 2 2 0 0 0 0

d
d

it, j sd sd
it n t n t, j n m n m, j n sd n sd, j it it, j it it, j

x
m L x V y V y L x V y

t
⋅ = ⋅ + ⋅ + ⋅ − ⋅ − ⋅ 	 (29)

Stage ib (lower thermal coupling stage)

	 1 3 3 0sd
n b n m n sd ib ibV L L L V+ + − − = 	 (30)

	 1 1 3 3 3 3 0sd sd
n b n b n m n m n sd n sd ib ib ib ibV H L h L h L h V H⋅ + ⋅ + ⋅ − ⋅ − ⋅ = 	 (31)

	 1 1 3 3 3 3

d
d

ib, j sd sd
ib n b n b, j n m n m, j n sd n sd, j ib ib, j ib ib, j

x
m V y L x L x L x V y

t
⋅ = ⋅ + ⋅ + ⋅ − ⋅ − ⋅ 	 (32)

where sd is the side draw tray.
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Feed side, Stage n0m

	 1 0 0 0it n m n m n msit L V L V⋅ + − − = 	 (33)

	 1 1 0 0 0 0 0it it n m n m n m n m n m n msit L h V H L h V H⋅ ⋅ + ⋅ − ⋅ − ⋅ = 	 (34)

	 0
0 1 1 0 0 0 0

d
d
n m, j

n m it it, j n m n m, j n m n m, j n m n m, j

x
m sit L x V y L x V y

t
⋅ = ⋅ ⋅ + ⋅ − ⋅ − ⋅ 	 (35)

where sit is the parameter that defines liquid split at tray it and sib is the parameter that defines vapor split at 
tray ib.

Feed side, Divided trays (from stage n1m to stage nf, and from stage nf2 to stage n2m)

	 1 1 0i i i iL V L V− ++ − − = 	 (36)

	 1 1 1 1 0i i i i i i i iL h V H L h V H− − + +⋅ + ⋅ − ⋅ − ⋅ = 	 (37)

	 1 1 1 1

d
d

i, j
i i i , j i i , j i i, j i i, j

x
m L x V y L x V y

t − − + +⋅ = ⋅ + ⋅ − ⋅ − ⋅ 	 (38)

Feed side, Feed tray (stage nf1)

	 1 2 1 1 0nf nf nf nf nfF L V L V+ + − − = 	 (39)

	 1 1 2 2 1 1 1 1 0nf nf nf nf nf nf nf nf nf nfF h L h V H L h V H⋅ + ⋅ + ⋅ − ⋅ − ⋅ = 	 (40)

	 1
1 1 1 2 2 1 1 1 1

d
d
nf , j

nf nf nf , j nf nf, j nf nf , j nf nf , j nf nf , j

x
m F z L x V y L x V y

t
⋅ = ⋅ + ⋅ + ⋅ − ⋅ − ⋅ 	 (41)

Feed side, Stage n3m

	 2 3 3 0ib n m n m n msib V L L V⋅ + − − = 	 (42)

	 2 2 3 3 3 3 0ib ib n m n m n m n m n m n msib V H L h L h V H⋅ ⋅ + ⋅ − ⋅ − ⋅ = 	 (43)

	 3
3 2 2 3 3 3 3

d
d
n m, j

n m ib ib, j n m n m, j n m n m, j n m n m, j

x
m sib V y L x L x V y

t
⋅ = ⋅ ⋅ + ⋅ − ⋅ − ⋅ 	 (44)

Side draw side, Stage n0sd

	 ( ) 1 0 01 0sd sd sd
it n sd n sd n sdsit L V L V− ⋅ + − − = 	 (45)

	 ( ) 1 1 0 0 0 01 0sd sd sd sd sd sd
it it n sd n sd n sd n sd n sd n sdsit L h V H L h V H− ⋅ ⋅ + ⋅ − ⋅ − ⋅ = 	 (46)

	 ( )0
0 1 1 0 0 0 0

d
1

d

sd
n sd, jsd sd sd sd sd sd sd

n sd it it, j n sd n sd, j n sd n sd, j n sd n sd, j

x
m sit L x V y L x V y

t
⋅ = − ⋅ ⋅ + ⋅ − ⋅ − ⋅ 	 (47)

Side draw side, Divided trays (from stage n1sd to stage nsd, and from stage nsd2 to stage n2sd)

	 1 1 0sd sd sd sd
i i i iL V L V− ++ − − = 	 (48)

	 1 1 1 1 0sd sd sd sd sd sd sd sd
i i i i i i i iL h V H L h V H− − + +⋅ + ⋅ − ⋅ − ⋅ = 	 (49)

	 1 1 1 1

d
d

sd
i, jsd sd sd sd sd sd sd sd sd

i, j i , j i , j i , j i , j i, j i, j i, j i, j

x
m L x V y L x V y

t − − + +⋅ = ⋅ + ⋅ − ⋅ − ⋅ 	 (50)

Side draw side, Side draw tray (stage nsd1)

	 2 1 1 1 0sd sd sd sd
nsd nsd nsd nsd nsdL V L V SD+ − − − = 	 (51)

	 2 2 1 1 1 1 1 1 0sd sd sd sd sd sd sd sd sd
nsd nsd nsd nsd nsd nsd nsd nsd nsd nsdL h V H L h V H SD h⋅ + ⋅ − ⋅ − ⋅ − ⋅ = 	 (52)
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	 1
1 2 2 1 1 1 1 1 1

d
d

sd
nsd , jsd sd sd sd sd sd sd sd sd sd

nsd , j nsd nsd, j nsd nsd , j nsd nsd , j nsd nsd , j nsd nsd , j

x
m L x V y L x V y SD x

t
⋅ = ⋅ + ⋅ − ⋅ − ⋅ − ⋅ 	 (53)

where SD is the side draw product molar flow rate.

Side draw side, Stage n3sd

	 ( ) 2 3 31 0sd sd sd
ib n sd n sd n sdsib V L L V− ⋅ + − − = 	 (54)

	 ( ) 2 2 3 3 3 31 0sd sd sd sd sd sd
ib ib n sd n sd n sd n sd n sd n sdsib V H L h L h V H− ⋅ ⋅ + ⋅ − ⋅ − ⋅ = 	 (55)

	 ( )3
3 2 2 3 3 3 3

d
1

d

sd
n sd, jsd sd sd sd sd sd sd

n sd, j ib ib, j n sd n sd, j n sd n sd, j n sd n sd, j

x
m sib V y L x L x V y

t
⋅ = − ⋅ ⋅ + ⋅ − ⋅ − ⋅ 	 (56)

Case study

In this work, in order to validate the ordinary 
distillation column model and to evaluate the DWC 
system compared to a series of ordinary distillation 
columns, the steady-state sharp separation of 100 
kmol h–1 of a ternary equimolar mixture of n-pen-
tane, n-hexane, and n-heptane at 27 °C and 510 kPa 
is proposed as a case study. Such a case study  
was previously presented by Premkumar and Ran-
gaiah8.

All steps followed in the methodology of mod-
el evaluation and DWC analysis are presented in 
Fig. 4 as an outline of the employed procedure.

In the model validation task, the separation of 
this mixture was simulated in both Aspen HYSYS® 
and EMSO environments, with a scheme named 
conventional 2-columns (C2C). The first column 
possessed 38 total stages, while the second column 
possessed 21 stages. Peng-Robinson equation of 
state was used to predict the thermodynamic prop-
erties; total condensers were used in both columns, 
and were specified to be operating at 500 kPa (pop = 
500 kPa). Feeding was performed on the 19th stage 
of the first column and the 12th stage of the second. 
The remaining specifications for the simulation 
were 1.75 and 1.94 for the reflux ratio of the first 
and second columns, respectively, and distillate rate 
was 33.4 kmol h–1 for the first column and 33.3 for 
the second column. In EMSO, vapor holdup param-
eters were defined as Mcond = 20 kmol, Mreb = 25 
kmol, and Mtrays = 0.4 kmol. In the model validation 
task, the profiles of the calculated molar fractions in 
the liquid phase along the stages of the two conven-
tional columns in the two simulators, as well as 
temperature profiles were compared. In addition, 
reboiler and condenser duties calculated by the two 
programs were also compared.

Subsequently, the separation of the same mix-
ture was simulated in EMSO, considering one sin-
gle DWC and two ordinary distillation columns (all 
columns with total condensers). The separation of 

F i g .  4 	–	 Development of the DWC model and steps of the 
methodology for comparison between the C2C and 
DWC evaluated models
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this mixture was selected because it was among the 
6, 18, and 3 mixtures studied by Premkumar and 
Rangaiah8, Rangaiah et al.27, and Bek-Pedersen and 
Gani28, respectively. In both schemes of distillation 
columns, each output stream had a flow rate be-
tween 33.3 and 33.4 kmol h–1. The separation task 
was defined so that the molar fraction of n-pentane 
in the top outlet stream of the DWC or of Col 1 
(Column 1) of the C2C scheme should be 0.995; the 
molar fraction of n-hexane in the side draw of the 
DWC or top outlet stream of Col 2 (Column 2) of 
the C2C scheme should be 0.875; the molar fraction 
of n-heptane in the bottom of the DWC or the bot-
tom of Col 2 in the C2C scheme should be 0.880. It 
is important to note that this separation task may be 
classified as slightly poor, since molar fractions of 
key components were not close to unity in their cor-
responding streams. However, the separation task 
was specified as such in order to enable the compar-
ison of the results with those reported in the litera-
ture, such as in Premkumar and Rangaiah8 and Ran-
gaiah et al.27 Besides establishing this separation 
task, this work presents a broader analysis, evaluat-
ing parameters related to separation quality. The 
thermodynamic model, pressure, and holdup param-
eters were the same as used in the ordinary distilla-
tion column model validation task. Different evalu-
ations were made when comparing the separation 
achieved in both schemes (solely DWC and C2C), 
as described further herein.

Initially, in the DWC, the effect of the total 
number of stages (25, 50, and 75), number of divid-
ed trays, and the effect of specified reflux ratio (RR) 
on the molar composition of the liquid phase in the 
outlet streams and on the temperature profile were 
evaluated considering that the sib and sit parameters 
equaled 0.5 (i.e., liquid and vapor stream are equal-
ly split into the divided zone). In this study, the feed 
and the side draw product streams were located at 
the central tray of the DWC. Furthermore, it was 
assumed that the symmetrical design of the column 
concerning the number of trays above and below 
the divided zone, e.g., in a column with 27 stages 
and 13 divided trays, there are seven stages above 
and seven below the wall.

After this first evaluation of the DWC system, 
the total number of stages in DWC was varied be-
tween 25 and 82, considering preliminary tests, and 
the works of Premkumar and Rangaiah8, Bek-Ped-
ersen and Gani28 and Rangaiah et al.27 In the simu-

lations and optimizations performed for the separa-
tion of these hydrocarbons, Premkumar and Rangaiah8 
considered columns in sequence with 38 and 21 
stages, in addition to DWC with 48 total stages. 
Rangaiah et al.27 considered C2C columns with 43 
and 41 total stages, and Bek-Pedersen and Gani28 
considered a driving-force-based approach in col-
umns with 36 total stages. For each evaluated total 
number of trays, the required reflux ratio (RR), and 
the number of divided trays to achieve the specified 
separation task (considering a maximum absolute 
error of ±1.0 % in the output molar fractions) were 
determined, keeping sib and sit parameters equal to 
0.5. In this comparison, the feed and the side draw 
product were no longer fixed at the central part of 
the DWC (instead, their position was varied, de-
fined by nf1). In the same way, the number of divid-
ed trays could also vary, aiming to achieve the spec-
ified separation task.

In the C2C scheme, the total number of stages 
in Col 1 (Column 1) was varied between 17 and 55, 
and in Col 2 (Column 2) between 8 and 27. In this 
case, since there were no divided trays, only the 
feed stage could be varied in Col 1 and Col 2 (posi-
tion defined by variable nf1). Also it was deter-
mined the RR required to achieve the specified sep-
aration task.

In addition, the thermal duties of both schemes 
(DWC and C2C) were compared.

After the comparison of the energy consump-
tion for different sizes of columns with liquid and 
vapor split parameters set to 0.5, the number of 
trays in the DWC (both total and divided) were kept 
constant (consistent with the number of trays in the 
C2C system that performs the same separation task 
with the same energy consumption), and sit and sib 
were varied between 0.15 and 0.85. Thus, the ef-
fects of liquid and vapor split on the total separation 
difference and reboiler and condenser duties were 
evaluated. Total separation difference, defined by 
Equation 57, is a function used in this study to 
quantitatively assess the quality of the accomplished 
separation task. Since perfect separation would be 
represented by molar fractions equal to 1.0 for 
n-pentane, n-hexane, and n-heptane in stages 1, 
nsd1 and n2, respectively, and since outputs and 
feed are connected by mass balances, the closer the 
proposed assessment function is to zero, the better 
is the accomplished separation.

		  ( )11 1 2 2 3Total separation difference 100 1 1 1, nsd , n ,x x x= ⋅ − + − + − 	 (57)
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To finalize the comparisons between the two 
distillation systems, the operating conditions of the 
C2C system were varied to accomplish a separation 
with quality equivalent (in molar fractions of com-
ponents in outlet streams) to the best one achieved 
in the DWC system in the previous evaluation task. 
In this comparison, only the numbers of total stages 
in the two systems were kept constant.

For all simulated models in the EMSO environ-
ment, dynamic models were simulated for a process 
operating time equal to 8.3 h (which demanded 
around 5 s of computer processing time), and the 
values of the variables at the end of the dynamic model 
execution were used as an initial estimate in New-
ton’s method to obtain the steady-state results. To 
compare the steady-state simulation convergence 
time for the conventional distillation column model 
in EMSO and Aspen HYSYS® (validation task), the 
convergence time was considered in both simulators.

In the present work, a microcomputer AMD 
Phenom™ II X6 1090 Processor (3.20 GHz) with 8 
GB RAM and GTX 760 graphics card in Windows 
7 (32-bit) environment was used.

Results and discussion

Comparison between results obtained with C2C 
scheme in EMSO and Aspen HYSYS®

As described previously, the same case study 
was simulated in both simulators for comparison 
and validation of the EMSO distillation column 
model. In the commercial software, the simulation 
convergence time was less than 1.0 second, while in 
the EMSO environment, all iterations up to the con-
vergence, demanded approximately 13.55 seconds.

Fig. 5(a)-(b) presents the calculated molar frac-
tions in the liquid phase along the stages of the two 
conventional columns in the two simulators and, as 
it can be observed, the composition profiles are 
practically identical. Besides the molar fraction pro-
files, the temperature profile along the stages was 
also very close in both pieces of software, as pre-
sented in Fig. 5(c)-(d).

Other parameters evaluated in this validation 
task were condenser and reboiler duties required to 
perform the separation task determined by the pro-
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F i g .  5 	–	 Comparison of conventional distillation column model in EMSO and Aspen HYSYS® of (a) profiles of the molar fractions 
in the liquid phase, and (b) temperature profiles
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vided specifications. The model in EMSO presented 
0.23 % lower total condenser duty than the one in 
Aspen HYSYS®. Regarding the total reboiler duty, 
this difference was about 0.21 % lower in EMSO. 
Further details can be checked in Table 1 and Fig. 5.

Considering the notable similarity among the 
presented results, it can be stated that the model for 
the conventional distillation column in EMSO was 
validated, reproducing results of the analogous 
model in the commercial simulator Aspen HYSYS®. 
Thus, this validated model was considered for the 
development of the DWC model in EMSO.

Development of the divided wall column  
(DWC) model

A divided wall column model based on the 
conventional distillation column model was devel-
oped as described previously. The results of the ef-
fect of RR, the total number of stages (25, 50 and 
75) and the number of divided trays on the molar 
composition of the liquid in the outlet streams and 
on the temperature profile are detailed further here-
in. As described in the case study, the position of 
the feed stream (nf1) was not modified in this study, 
so that feeding was performed on the central tray of 
the columns.

Effects of RR, the total number of stages, and  
number of divided trays on the molar composition  
of the liquid phase in the outputs

If an analysis is performed on the influence of 
RR in DWC considering sib and sit parameters 
equal to 0.5 (i.e., liquid and vapor stream are equal-
ly split into the divided zone), and feed at the cen-
tral tray of the columns, one can find that, for a col-
umn with 25 stages, there is approximately the same 
molar composition in liquid phase in the withdrawal 
trays for the various evaluated values of RR if the 
DWC has 9 or 12 divided trays. However, with 17 
divided trays, it is possible to observe that the bot-
tom and side draw products are not so rich in the 
desired components (n-heptane and n-hexane, re-
spectively) as with 9 or 12 divided trays. Analogous 
behavior was observed when the DWC was de-
signed with more than 25 stages: with a large num-
ber of divided trays the separation was poorer, since 

the achieved fractions of n-hexane and n-heptane in 
their target streams were smaller than in a column 
with about half the total number of trays being di-
vided by a wall, although the fraction of n-pentane 
in its target stream was not so affected.

It could also be observed that RR had a great 
influence on the molar composition of the outputs, 
and this effect was more pronounced on columns 
with the number of divided trays equal to approxi-
mately half the number of total trays. For example, 
if 37 of the 75 total trays were divided, the variation 
of RR from 2 to 10 would result in a variation of the 
molar percentage of the n-pentane component in the 
top product from 76.1 to 94.7 %. For the n-hexane 
component, the variation would be from 51.9 to 
92.0 % in the side draw tray, while the molar per-
centage of n-heptane in the bottom product would 
vary from 76.6 to 97.6 %.

As a generally observed trend, when the num-
ber of divided trays is approximately half the num-
ber of total trays, larger molar fractions of the com-
ponent of interest in the output streams are noticed. 
Also with this equipment configuration, a better 
separation can be observed with RR equal to 10. 
However, comparing the achieved separation with 
the proposed separation task, a worse separation is 
observed in all cases. The molar fraction of n-pen-
tane in the top product of the DWC is between 
0.910 and 0.960, and the molar fraction of n-hexane 
and n-heptane components in liquid output streams 
of side draw and bottom products of the DWC, re-
spectively, are between 0.673 and 0.976.

Effects of RR, number of total stages, and number of 
divided trays on the temperature profile

Higher RR values cause an increase in trays 
temperature located above the wall and a decrease 
in temperature of inferior trays. Also, increasing the 
number of trays for low values of RR does not pro-
vide good separation, since in these situations, it 
can be noted that several subsequent trays are at the 
same temperature. It can be observed that the ten-
dency of equal temperatures in the trays occurs with 
greater evidence in the divided trays, and the great-
er the number of divided trays, the lower the tem-
perature variation among them.

Ta b l e  1 	–	Condenser and reboiler duties calculated in Aspen HYSYS® and EMSO in the model validation task

Simulator
Col 1 (Column 1) Col 2 (Column 2)

Total condenser 
duty (MW)

Total reboiler 
duty (MW)Condenser duty 

(MW)
Reboiler duty 

(MW)
Condenser duty 

(MW)
Reboiler duty 

(MW)

Aspen HYSYS® 0.569 1.182 0.691 0.702 1.261 1.884

EMSO 0.568 1.180 0.690 0.701 1.258 1.880

Difference (%) 0.18 0.17 0.14 0.14 0.23 0.21
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Comparison between the configurations  
of the DWC and the conventional 2-columns 
distillation systems to achieve the proposed 
separation task

Considering the case study used in this paper, it 
was verified that the same separation task accom-
plished by two conventional columns in series can 
be achieved by a single DWC with different num-
bers of total stages (varying from 25 to 82) when 
sib and sit parameters are equal to 0.5 (i.e., liquid 
and vapor stream are equally split into the divided 
zone), but with location of feed stream (nf1) differ-
ent for each configuration.

Table 2 presents the design (number of stages 
and divided trays, and location of the feed and the 
divided trays), and operating parameters (RR, and 
condenser and reboiler thermal duties) of a DWC 
capable of performing the same separation task de-
tailed in the case study section. To accomplish the 
separation task, it can be verified that RR varies 
from 12.612 (with 82 stages) to 37.00 (with 25 stag-
es). From 35 to 82 stages in this system, little differ-
ence is observed for the minimum RR (it changes 
from 12.900 in the former to 12.612 in the latter), 
and for required condenser and reboiler duties. This 
suggests an asymptotic behavior. Concerning the di-
vided trays, from 30 total trays on, its required 
number falls to around 17 trays, being necessary 
only to modify the position of the feed tray to per-
form the necessary task.

To compare the values of condenser and reboil-
er duties found in this study to those reported by 
Premkumar and Rangaiah8, who considered, for the 
same separation task, a DWC with 48 stages and 24 
divided trays, the duties found here for 45 stages 
and 17 divided trays (the configuration evaluated in 
this work that is closer to the cited one) were select-
ed. The mentioned authors reported a process more 
efficient than the results here found (values of ap-
proximately 69.7 and 72.4 % lower in condenser 
and reboiler duties, respectively). However, the 
mentioned researchers used thermal couplings of 
instances of conventional distillation column model 
to represent the DWC, and the RR values adopted in 
those columns were not reported.

Table 3 shows the necessary configurations of 
the system of two conventional columns in series to 
obtain the required separation. The number of stag-
es in Col 1 and Col 2 varied between 17 and 55, and 
between 8 and 27, respectively. In these same col-
umns, RR varied between 1.65 and 6.50 (Col 1), 
and between 1.85 and 47.00 (Col 2), resulting in 
duties variation from 1.215 to 12.824 MW for con-
densers (Col 1 + Col 2), and from 1.838 to 13.446 
MW for reboilers (Col 1 + Col 2), respectively. As 
in the DWC system, asymptotic behavior was ob-
served in the C2C system for total condensers and 

reboilers duties from 55 to 82 stages (sum of the 
number of stages of Col 1 and Col 2).

When comparing the results with those report-
ed by Premkumar and Rangaiah8, which considered 
59 stages for the conventional distillation system, 
with 38 stages in Col 1 and 21 stages in Col 2, a 
considerable difference is also observed. Using 
commercial Aspen HYSYS® simulator, the authors 
obtained values of around 1.419 and 1.489 MW for 
the condenser and reboiler duties, respectively. In 
the present study, the energy consumption is 11.3 % 
lower in the condenser, and 26.3 % higher in the 
reboiler (Table 3). Nonetheless, it is worth stressing 
that the RR values adopted in the work of Premku-
mar and Rangaiah8 were not reported.

Considering the results presented in Tables 2 
and 3, Fig. 6 compares the total thermal duties of 
reboilers (Fig. 6(a)), and condensers (Fig. 6(b)) of 
the DWC and conventional 2-columns distillation 
system, varying the number of total stages. The as-
ymptotic behavior is clear. It is possible to deter-
mine that, with 25 stages the DWC system had con-
denser and reboiler duties lower than the C2C 
system, even with RR of 37.00 (in C2C system RR 
was 6.50 in Col 1, and 47.00 in Col 2). From this 
point onwards, up to 82 stages, the C2C system had 
a lower total condenser thermal duty, and the small-
er difference between the thermal duties of the con-
densers of the two systems occurs with 35 stages.

Ta b l e  2 	–	Number of divided trays, location of the feed, and 
the divided trays, RR, condenser and reboiler duties required to 
perform the separation task of the case study in DWC with dif-
ferent number of stages (sib = sit = 0.5)

Total 
stages

Divided 
trays nf1 it ib RR

Condenser 
duty 

(MW)

Reboiler 
duty 

(MW)

25 13 14 7 21 37.000 7.851 7.880

27 15 15 7 23 32.000 6.819 6.943

30 17 16 7 25 18.000 3.938 4.338

35 17 20 11 29 12.900 2.882 3.428

37 17 22 13 31 12.800 2.861 3.406

40 17 25 16 34 12.700 2.840 3.386

45 17 30 21 39 12.680 2.836 3.383

52 17 36 27 45 12.620 2.824 3.372

55 17 40 31 49 12.615 2.823 3.371

59 17 44 35 53 12.612 2.823 3.370

60 17 45 36 54 12.612 2.823 3.370

67 17 52 43 61 12.612 2.823 3.370

75 17 60 51 69 12.612 2.823 3.370

82 17 67 58 76 12.612 2.823 3.370
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Given the similarity in energy consumption be-
tween the two systems when the total number of 
stages is 35, this configuration was chosen for a 
comparison of the profiles of liquid phase compo-
nents molar fractions (Fig. 7) and temperature (Fig. 
8). The number of total stages of the DWC equaled 
the total number of stages of the conventional 2-col-
umn distillation system (35), with 17 divided trays, 
and RR of 12.90 (according to Table 2). In the case 
of the conventional 2-column distillation system, 
Col 1 was composed of 24 stages, and Col 2 of 11 
stages, operating with RR of 3.45 and 3.90 (Table 
3), respectively.

In Fig. 7 it is possible to verify the difference 
in molar fraction profiles between the two distilla-
tion systems, but in the withdrawal trays the same 
composition is observed, i.e., in stages 1, 20, and 35 
of Fig. 7(c), the same molar fraction values of stage 
1 of Col 1, Fig. 7(a), and of stages 1 and 11 of Col 
2, Fig. 7(b), respectively, are observed. Further-
more, in Fig. 7(c), it is possible to verify the differ-
ence in the liquid phase molar fraction profiles on 
both sides of the wall.

Fig. 8 shows that the top (stage 1), side draw 
(stage 20), and bottom (stage 35) of the DWC ex-
hibit fairly close temperatures to the corresponding 
stages of the conventional 2-column distillation sys-
tem. For the conventional 2-column distillation sys-
tem, these temperatures are 92.68 °C, 132.03 °C, 
and 158.94 °C, while in the DWC distillation sys-
tem, the corresponding values are 93.05 °C, 130.26 
°C, and 159.26 °C, respectively. In Fig. 8(c), it can 

Ta b l e  3 	–	Number of stages, location of feed, and RR in each column, condenser and reboiler duties required to perform the sepa-
ration task of the case study in the system of two conventional columns in series with different number of total stages

Total stages
Col 1 (Column 1) Col 2 (Column 2) Condenser 

duty (MW)
Reboiler duty 

(MW)Stages nf1 RR Stages nf1 RR

25 17 9 6.50 8 5 47.00 12.824 13.446

27 18 10 5.00 9 5 9.50 3.704 4.326

30 20 11 3.50 10 6 5.50 2.455 3.077

35 24 13 3.45 11 6 3.90 2.067 2.690

37 25 13 2.36 12 7 3.43 1.732 2.355

40 27 14 2.11 13 7 2.70 1.511 2.134

45 30 16 1.90 15 8 2.42 1.401 2.024

52 35 18 1.80 17 9 2.20 1.328 1.951

55 36 19 1.78 19 10 2.00 1.278 1.900

59 38 19 1.75 21 12 1.94 1.258 1.880

60 40 21 1.70 20 11 1.92 1.243 1.866

67 45 23 1.68 22 12 1.88 1.229 1.852

75 50 26 1.66 25 13 1.86 1.220 1.843

82 55 28 1.65 27 14 1.85 1.215 1.838
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F i g .  6 	–	 Comparison of (a) reboiler and (b) condenser ener-
gy consumption by DWC and C2C systems as a 
function of the total number of stages
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F i g .  7 	–	 Profiles of the molar fractions in the liquid phase along the 35 stages for the separation 
scheme with (a) two conventional columns in series, and (b) a DWC

F i g .  8 	–	 Temperature profiles along the 35 stages for the separation scheme with (a) convention-
al 2-column distillation in series, and (b) a DWC
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be further observed that the temperature profiles on 
the side withdrawal and feed sides differ from each 
other, reaching a difference of up to 16.66 °C (in 
stage 19).

Effects of liquid and vapor split parameters on 
the molar composition in the liquid phase of the 
outputs and on the energy consumption

The effect of liquid and vapor split parameters 
(sit and sib) on components molar fractions in the 
liquid phase of the outputs, and on condenser and 
reboiler duties was evaluated in a DWC with 35 
stages, 17 divided trays, operating with RR of 12.90, 
and the 20th stage as the feed tray. In DWC real 
equipment, the configuration of these split parame-
ters is made in the design stage, in the location of 
the inner wall (percentage tray area allotted to each 
side). As the values of split parameters varied be-
tween 0.15 and 0.85, molar fractions of each com-
ponent in the liquid phase of the output tray in 
which it was the main substance, varied between 
0.720 and 0.999, as shown in Fig. 9. The compo-
nent with the narrower observed range was n-pen-
tane (Fig. 9(a)): its molar fraction varied between 
0.929 and 0.999. The highest purity (x1,1 = 0.999) in 
this figure was inside the region formed by points 
A, B, C, and D, which correspond to the fractions 
sit = 0.15 and sib ≈ 0.33, sit = 0.15 and sib ≈ 0.70, 
sit ≈ 0.58 and sib = 0.85, sit = 0.85 and sib ≈ 0.65, 
respectively. On the other hand, n-hexane exhibited 
a wide range of variation: on the liquid of the side 
draw tray, its molar fraction can change from 0.728 
to 0.973, as may be seen in Fig. 9(b). The region of 
the highest purity was defined by points sit ≈ 0.15, 
sib = 0.45 and sit ≈ 0.65, sib = 0.85. Fig. 9(c) shows 
that the bottom output had a content of n-heptane 
between 79.1 % and 98.4 %. The region of the 
highest purity was defined by points of sit between 
0.15 and 0.60, and sib between 0.45 and 0.85.

Fig. 10 presents the reboiler and condenser du-
ties, and the total separation difference (defined in 
Equation 57). This figure demonstrates that, al-
though energy consumption was not affected much 
(observe that thermal duties vary not more than 
14.0 %), there were values for the pair of parame-
ters sib and sit associated with poor separation. For 
example, when sib ≈ 0.15 and sit ≈ 0.60, condenser 
and reboiler duties were 3.511 and 2.928 MW, re-
spectively, while the total separation difference was 
almost 54 %. On the other hand, a total separation 
difference around 9 % was achieved with condenser 
and reboiler duties of 3.258 and 2.870 MW, respec-
tively (configuring sib ≈ 0.35 and sit ≈ 0.15). If the 
analysis is expanded, i.e., if a separation better than 
that of the proposed task is sought, very small val-
ues of the total separation difference should be pur-
sued. The analysis of Fig. 10(c), along with Fig. 9, 
indicated that molar compositions of 0.998, 0.973, 

and 0.981 (respectively for n-pentane, n-hexane, 
and n-heptane in the output tray in which each one 
is the main substance) can be achieved when sib 
and sit are around 0.75 and 0.50, respectively. With 
these values for sib and sit, the total separation dif-
ference was slightly lower than 5 %. Aurangzeb and 

F i g .  9 	–	 Molar fractions of (a) n-pentane, (b) n-hexane, and 
(c) n-heptane in the liquid phase of the output tray 
in which each one is the main substance as a func-
tion of split parameters

(a)

(b)

(c)
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Jana29 reported values of sib ≈ 0.66 and sit ≈ 0.42 as 
optimal for the separation of other hydrocarbons, 
such as n-hexane, n-heptane, and n-octane, leading 
to molar fractions of 0.983, 0.969, and 0.956 for the 
referred components in the corresponding streams. 
Considering that configuration (sib ≈ 0.66 and sit ≈ 
0.42), in the DWC developed, molar separation of 
0.999, 0.968, and 0.975 were obtained (respectively 
for n-pentane, n-hexane, and n-heptane in the out-
put tray in which each one is the main substance).

Operating conditions of the C2C system  
that achieves the best separation achieved  
by the DWC

In this last comparison, the C2C system (Col 1 
with 24 stages and Col 2 with 11 stages) was sub-
mitted to several RR conditions, aiming to achieve 
the best separation obtained in the DWC system, 
described in the previous section. As shown in Table 
4, although the quality of the separation achieved in 
the C2C system is fairly similar, the energy require-
ment of the C2C system is much higher. The neces-
sary reflux ratios for the C2C system were 2.93 and 
40.00 for Col 1 and Col 2, respectively. This in-
crease in the reflux ratio in Col 2 markedly in-
creased the total reboiler and condenser duties to 
approximately 10.912 MW and 10.286 MW, respec-
tively. Even with these high values of thermal duty, 
the total separation difference was 13.18 %. The 
total separation difference of the DWC system was 
8.39 % lower, using 69.24 % and 72.11 % less re-
boiler and condenser duty.

Conclusions

The development of a divided wall column 
(DWC) model in the equation-oriented process sim-
ulator EMSO has been presented in this paper, and 
the effects of design and operating parameters were 
evaluated. The results of conventional distillation 
column models in EMSO and Aspen HYSYS® 
were practically the same, which validates the 
EMSO column model serving as the basis for the 
development of the DWC model. EMSO software 
presents great versatility in editing and comparing 
models, besides being free of charge for educational 
and academic research purposes. The results of the 
separation of a ternary equimolar mixture of hydro-
carbons with DWC were compared with those of 
conventional 2-column distillation systems and with 
literature reports. The results show that DWC can 
accomplish sharp separations, with quality equiva-
lent to those of the conventional 2-column distilla-
tion system, even with a lesser number of trays. 
Though the capital investment can be lower for the 
DWC system, due to the lesser number of trays, 

with few trays a much larger RR is necessary to ac-
complish the separation task, increasing the operat-
ing cost. It was also possible to verify the great in-
fluence of the DWC vapor and liquid splitters on 
the proposed separation task, and how it can be im-
proved, leading the DWC system to surpass the 

(a)

(b)

(c)

F i g .  1 0 	 –	 (a) Reboiler and (b) condenser duties, and (c) to-
tal separation difference as a function of split pa-
rameters
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C2C system. All these features pave the way for 
deep exploration of concepts of intensification of 
separation processes. Furthermore, the developed 
DWC model aids future studies of this system, so 
that optimal design and operating parameters can be 
sought, making the developed model suitable for 
courses in chemical processes optimization. Future 
developments on DWC modeling can focus on 
making it more general, since some simplifying hy-
potheses were adopted, such as the feed and side 
draw product streams being located at the same 
height, one on each side of the wall, with no energy 
transfer through the wall. The extension of the mod-
el can provide wider search spaces in optimization 
studies of this type of distillation column.
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N o m e n c l a t u r e

A, B, 	 –  Components of a generic ternary mixture 
and C
C2C	 –	 Conventional 2-columns distillation system
Col 1	 –	 Column 1
Col 2	 –	 Column 2
D	 –	 Top product flow rate (kmol h–1)
DT	 –	 Divided trays
DWC	 –	 Divided wall column distillation system
F	 –	 Feed flow rate (kmol h–1)
f	 –	 Fugacity
FTCDS	 –	 Fully thermally coupled distillation systems
h	 –	 Liquid molar enthalpy (kJ kmol–1)
H	 –	 Vapor molar enthalpy (kJ kmol–1)
ib	 –	 Lower thermal coupling stage
it	 –	 Upper thermal coupling stage
K	 –	 Equilibrium constant
L	 –	 Liquid flow rate (kmol h–1)
m	 –	 Liquid holdup (kmol)
M	 –	 Vapor holdup (kmol)
Mcond	 –	 Condenser vapor holdup (kmol)
Mreb	 –	 Reboiler vapor holdup (kmol)
Mtrays	 –	 Tray vapor holdup (kmol)
p	 –	 Pressure (MPa)
pop	 –	 Operating pressure (MPa)
Q	 –	 Heat duty (MW)
RR	 –	 Reflux ratio
sib	 –	 Parameter defining vapor split at tray ib
sit	 –	 Parameter defining liquid split at tray it

Ta b l e  4 	–	Comparison between operating parameters and achieved results for C2C and DWC systems to attain the best separation 
observed in this work

DWC C2C

Total stages 35 Total stages 35

Divided trays 17 nf1 (Col 1) 13

nf1 20 nf1 (Col 2) 6

RR 12.90 RR (Col 1) 2.93

sit 0.50 RR (Col 2) 40.00

sib 0.75

x1,1 (n-C5) 0.998 x1,1 (n-C5) 0.998

x20,2 (n-C6) 0.973 x1,2 (n-C6) 0.930

x35,3 (n-C7) 0.981 x11,3 (n-C7) 0.941

Total separation difference (%) 4.79 Total separation difference (%) 13.18

Total reboiler duty (MW) 3.357 Total reboiler duty (MW) 10.912

Total condenser duty (MW) 2.869 Total condenser duty (MW) 10.286
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SD	 –	 Side draw product flow rate (kmol h–1)
t	 –	 Time (h)
T	 –	 Temperature (°C)
TCD	 –	 Thermally coupled distillation
V	 –	 Vapor flow rate (kmol h–1)
x	 –	 Molar fraction in the liquid stream
y	 –	 Molar fraction in the vapor stream
z	 –	 Molar fraction in the feed stream

S u b s c r i p t s

c	 –	 Condenser
i	 –	 Stage of the column, { }1, 2, , 2i n∈  , 

considering the condenser (i = 1) and the 
reboiler (i = n2)

j	 –	 Components of the multicomponent mixture, 
{ }1, 2, , componentsj n∈ 

n2	 –	 Last stage of the column (Reboiler)
nf1	 –	 Feed tray
nsd1	 –	 Side draw tray
r	 –	 Reboiler

S u p e r s c r i p t s

L	 –	 Liquid
V	 –	 Vapor
sd	 –	 Side draw trays
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