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Separation of CO, from hydrocarbons in the natural gas is complicated due to the existence of an
azeotrope between ethane and CO; at the cryogenic temperatures. The key issues to break this azeotrope
are high investment costs for the unit equipments and the associated high energy requirements.
Accordingly, an innovative process based on the dividing-wall column (DWC) technology is designed
using short-cut methods and relevant rigorous simulations. The energy demand and some environ-

mental factors such as CO, removal efficiency and CO, emission reduction are studied for the conven-
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tional and DWC processes. It is found that the process including DWC is a better choice than the
conventional one from economical and environmental point of views. Remarkably, this technology re-
duces the energy demand up to 51.6%.

© 2014 Elsevier Ltd. All rights reserved.

1. Introduction

The increase in global energy demand has led to widespread
investigations on alternative sources of primary energy even at the
most remote areas of the earth. Natural gas is the most sought, after
liquid fuel source, due to its cleaner combustion and less flue gas
emission into the atmosphere (Alfadala and Al-Musleh, 2009).
Natural gas contains impurities such as carbon dioxide, hydrogen
sulfide, carbon disulfide, mercaptans and sometimes traces of
carbonyl sulfide. The removal of acid gases, H,S and CO, from gas
stream is essential due to environmental, operational and health
reasons (Maddox, 1982). Generally, the acid gas pipeline specifi-
cations are 4.0 ppm H,S and 2 vol% of CO, with the dew point of less
than 263 K at 4500 kPa. Since H5S is extremely corrosive and toxic,
it is removed from the gas before its consumption. Apart from
meeting customer’s contract specifications and successful lique-
faction process, removal of CO, from natural gas at high pressure
has currently become a global issue (Tavan and Hosseini, 2013a).
Despite several researches done on CO; capturing in chemical
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processes (Sun and Smith, 2013; Harkin et al., 2010; Camara et al.,
2013), the existence of the minimum boiling CO,-ethane azeo-
trope in natural gas process could causes certain problems. High
concentrations of carbon dioxide in natural gas occur when carbon
dioxide is used for enhanced oil recovery. An azeotrope between
ethane (C;Hg) and CO, complicates separation of CO, from natural
gas. Accordingly, using natural gas liquid (NGL) as extractive
component, Lastari et al. (2012) proposed low temperature distil-
lation process in a series of distillation columns. The system gen-
erates high pressure CO,, pure ethane and some amounts of NGL.
However, the conventional extractive distillation process typically
includes two serial distillation columns. The main disadvantage of
this separation process is its high capital investment and high
amount of energy required to fulfill the desired purification.
Therefore, to overcome this drawback, advanced intensification and
integration process techniques such as thermally coupled distilla-
tion columns, dividing-wall columns (DWC), heat-integrated
distillation columns and reactive distillation (RD) were employed
(Yildirim et al., 2011). In a DWC, the middle section of a single vessel
is split into two sections by inserting a vertical wall into an
appropriate position of the column (Bravo-Bravo et al., 2010;
Gutiérrez-Guerra et al.,, 2009). The DWCs have attracted more
attention in the chemical industries recently due to separation of
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more components in one single distillation unit, thereby saving
both energy and capital costs. The theoretical studies have shown
that DWCs could lead to at least 30% reduction in energy costs
compared to conventional schemes (Sangal et al., 2012; Goémez-
Castro et al, 2011). It is notable that DWC technology is not
limited to ternary separations; it can also be used in azeotropic
separations, extractive distillation, and reactive distillation (Kiss
and Suszwalak, 2012a).

Although several researches have conducted about extractive
dividing-wall columns (Ignat and Kiss, 2012; Sangal et al., 2014; Wu
et al., 2013), the process being studied is different from conven-
tional extractive distillation columns. In conventional extractive
columns a third component is added to the system and solvent loss
in the product streams requires a make-up stream; while in the
present study, the solvent is a mixture of propane and heavier
components (NGL) in which the solvent stream is quite similar to
the light key (ethane). These distinct features of the process leads to
some convergence problems. Furthermore, the present study has
some advantages such as existence of no water in the solvent
stream and accordingly non-corrosive behavior of the solvent as
compared with conventional extractive processes. In addition, in
order to reduce the energy requirements and number of trays in the
extractive distillation process of separating the CO,/ethane azeo-
trope, possibility of using DWC is examined by HYSYS3.1 (www.
aspentech.com) for the first time using top-wall configuration.
Furthermore, the rates of the interconnecting streams are opti-
mized in order to minimize energy requirement of the process.
Eventually, energy requirements and some environmental param-
eters of the novel DWC (improved) process and the conventional
one are compared with each other to find a more beneficial process.

2. Simulation
2.1. Thermodynamic analysis of the extractive column

Several strategies have been used in industries in order to
separate the azeotropic mixtures. Some of them require addition of
a third chemical component for shifting the vapor—liquid equilib-
rium such as extractive distillation, which uses a higher boiling
solvent and azeotropic heterogeneous distillation for entraining
chemical component. Another method for breaking azeotropes,
which does not require addition of a third component, is pressure
swing azeotropic distillation, wherein two columns operate at two
different pressures (Doherty and Malone, 2001; Luyben, 2013). The
thermodynamic analysis should be done prior to choosing the best
method for separating the azeotropes. For this purpose, a system
containing CO,/ethane and n-pentane as an agent of extraction is
considered. CO, and ethane are dissimilar molecules and have
different boiling points of —78 and —88 °C and molecular weights
of 44 and 30 g/mol, respectively. These molecules have a strong
repulsion towards each other which leads to existence of a mini-
mum boiling azeotrope in the system as shown in Fig. 1(a, b). From
the figure, the azeotrope compositions are 0.67 and 0.64 at 2400
and 1500 kPa, respectively. Therefore, the relative volatility of CO»-
ethane azeotrope does not significantly change with pressure and
confirms that the pressure swing distillation is not appropriate for
the present study. Fig. 1b clearly indicates that the phase envelope
of the system drastically changes with n-pentane mole fraction.
Furthermore, addition of n-pentane decreases CO, freezing tem-
perature to —75.9 °C (preventing formation of solid CO,). Therefore,
using extraction distillation is a promising process for the present
system. The residue curve of CO,/ethane/n-pentane can be helpful
in elucidating the distillation part. Accordingly, the residue curve
map of the mixture at the pressure of 2400 kPa is illustrated in
Fig. 2. As shown in Fig. 2, the ternary mixture presents a single
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Fig. 1. The properties of CO,-ethane azeotrope process in terms of (a) binary diagram
and (b) phase envelope.

Residue curve for CO/ETHANE/N-PEN-01

v/
0.5
Molefrac CO,

Fig. 2. The residue curve map of CO,, ethane and normal pentane.
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