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ABSTRACT

Various distillation operations such as reactive distillation, azeotropic distillation, steam distillation, extractive
distillation are used according to the need. Modeling of distillation columns helps in predicting various parameters
for given separation. Optimal reflux ratio largely depends on the feed mole fraction, feed quality, relative volatility,
and a separation factor. Studies reveal that very narrow range of reflux ratios which can produce high conversions
and high purity methyl acetate. Optimal reflux ratio largely depends on the feed mole fraction, feed quality, relative
volatility, and a separation factor. Extensive work is reported on various aspects of reactive, azeotropic, divided wall

columns. Current review summarizes various aspects like modeling and simulation of these distillation operations.
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I. INTRODUCTION

Distillation is separation of components from liquid feed
by virtue of volatility difference. Fractional distillation is
very major and important operation in petroleum sector.
Various distillation operations such as
distillation, azeotropic distillation, steam distillation,
extractive distillation are used according to the need.

reactive

Modeling of distillation columns helps in predicting
various parameters for given separation. Optimal reflux
ratio largely depends on the feed mole fraction, feed
quality, relative volatility, and a separation factor. The
location of feed plate and number of trays along with
reflux ratio are important factors in design of distillation
columns. Extensive work is reported on various aspects
of reactive, azeotropic, divided wall columns. Current
review summarizes various aspects like modeling and
simulation of these distillation operations.

II. VARIOUS OF DISTILLATION- MODELING,
OPTIMIZATION AND SIMULATIONS

Sarma et.al. used ASPEN PLUS simulation software
to control a reactive distillation column for maintaining
They
introduced tray temperature control. This solved the

the product purity at the desired level[l].

problem of nonlinearity to a great extent. There was no
direct control for purity. They suggested more study for
more advanced model predictive control to reduce the
complexity of the system.

An investigation was carried by Chen and Lin to study
optimum reflux ratio of distillation towers[2].They
observed that reflux ratio was highly sensitive parameter
in distillation columns. They also observed that optimal
reflux ratio largely depends on the feed mole fraction,
feed quality, relative volatility, and a separation factor.
By evaluating annualized and operating costs, they
evaluated optimum reflux ratio. Zhu et.al. carried out
investigation on low-order dynamic model based on
nonlinear wave theory[3].They tracked wave front
propagating through the column. They carried out
rigorous mass and energy balances for modeling
reboiler/condenser system. They proposed on-line model
adaptation. Sharmila and Mangaiyarkarasi carried out
an investigation on modelling and control of binary
distillation column[4].They developed a model for
composition control. The model developed was useful
for initial steps of a petroleum project feasibility study
and design. Shehata etal. carried out studies on
simulation of natural gas liquids (NGL) separation using
series of distillation columns[5]. They studied various
factors which enhance the separation process efficiency.
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The important parameters they considered were the
number of trays, reflux ratio and the feed tray location.
They obtained the lowest heat duties and the highest
composition for top products at highest number of trays.
Thirumalesh and Ramesh carried out investigation on
design a multi-component distillation column for the
given organic mixture[6]. They also investigated
sequencing of a multi-component distillation column.
They calculated relative volatility using Antonie
equation. Also they considered component with lowest
relative volatility at the top above the feed tray as light
key component (LK) and the highest volatility at the
bottom, below the feed plate are designated as the heavy
key component (HK). Study was reported by Manzo,
Tzouanas and Barbieri on heat integrated distillation
columns[7].They presented case study on the said
topic.in the chemical and refining industries, according
to their estimates, nearly 40% of the energy is
consumed.They carried out a case study on separation of
benzene, toluene, and m-xylene.

Kumar studied dynamic behaviour of ethyl acetate
reactive distillation[8]. They used ASPEN PLUS.
Mustapha et.al.carried out analysis of high pressure
distillation columns[9]. They carried out analysis based
on based on the bubble point method. By using Gibb’s
rule they determined degree of freedom. They found that
increasing the feed rate from 100 to 140% had negligible
effect on the liquid and vapour flow rates distribution.
They expressed the need for model sensitivity analysis
as interactions between the different parameters were
very strong. Chwukuma and Faniran investigated
operating conditions of straight run gasoline (SRG)
stabilizer column[10]. They explored various product
recovery and energy savings options. They felt the need
to reduce operating cost of the process by optimization
of the operating conditions. They used the Hysys
simulator to simulate the Straight Run Gasoline (SRG)
stabilizer column. The number of trays, feed tray
location, feed pressure and temperature were important
operating parameters. They conducted parametric
studies by varying the operating parameters. The
optimization was trade-off between energy usage and
product purity. Ghaee et.al. carried out investigation on
dynamic optimization of the benzene extractive
distillation unit[11]. They developed a mathematical
model for describing the dynamic operation of the
Nformylmorpholine extractive distillation column. They
calculated the equilibrium and thermodynamic

properties of the mixtures by NRTL equation. During
unsteady-state operation they used  Nelder-Mead
algorithm for optimum values of the constants of the
controllers. An investigation was carried out by Popoola
et.al.,, on optimization models of crude oil distillation
column[12]. In their studies, they proposed optimization
models of crude oil distillation column for both limited
and unlimited feed stock. The loading of feed was
limited due to capacity of reboiler. Udeye et.al. carried
out an investigation on the design and installation of a
continuous ethanol distillation unit[13]. They studied
azeotropic distillation. In dehydrating column, they used
reboiler with an electric heater. According to
investigations carried out by Bakar, batch distillation
still remains important for the distillation because of its
flexibility and capability to produce high purity product
[14]. They performed simulation of batch distillation
using computer aided software. They validated their
results using MATLAB software. Demirel discussed
sustainable operations for distillation columns [15].For
sustainable operation, it is very important to ensure
responsible use of energy and reduction of harmful
emission such as CO2. They discussed the use of aspen
plus targeting and carbon tracking tools for effective use
of energy resources. Khalili-Garakani et.al. investigated
distillation columns sequencing[16]. Their studies
included divided wall column. In their investigation,
they carried out the exergy analysis and economic study
of 3 different samples of three-component mixtures.

Studies were carried out by Mair and Willingham on
efficiency of a rotary distillation column[17]. Taylor and
Krishna investigated modeling of reactive distillation
[18].In their work; they introduced an in situ separation
function within the reaction zone. They verified in
experimental laboratory and pilot plant units, complex
vapor }liquid
vapor}liquid mass transfer, intra-catalyst diffusion lead
to phenomenon of multiple steady-states and complex
Sadeghi and Ahangar studied methanol
separation [19].They simulated a methanol distillation
unit with three columns to separate methanol from its

interactions  between equilibrium,

dynamics.

impurities and water in steady and dynamic states. Also
they carried out investigation to study the effect of
variable changes on purity rate of the product methanol
and water flow. They found that the increase and
reduction of the feed stage position of the first column
had negligible effect on product purity.
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An investigation was carried out by Adogbo and
Ayodele on plastic packed distillation column for
ethanol-water separation[20]. They studied water
ethanol system. They found that the fluid dynamics and
mass transfer were affected by geometry and structure of
materials in the column. Hammad et.al. proposed
approach  for distillation column  malfunction
identification [21]. They proposed use of higher order
statistical method. Huss et.al. studied reactive distillation
for production of methyl acetate[22].For design of these
columns, they described a hierarchy of methods, models,
and calculation techniques. They observed that there is
very narrow range of reflux ratios which can produce
high conversions and high purity methyl acetate. Also
there were multiple steady states.

III. CONCLUSION

Modelling of distillation columns helps in predicting
various parameters for given separation. Optimal reflux
ratio largely depends on the feed mole fraction, feed
quality, relative volatility, and a separation factor.
Studies reveal that very narrow range of reflux ratios
which can produce high conversions and high purity
methyl acetate. Optimal reflux ratio largely depends on
the feed mole fraction, feed quality, relative volatility,
and a separation factor. Extensive work is reported on
various aspects of reactive, azeotropic, divided wall
columns.
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