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ABSTRACT

Pressure-swing distillation process is widely used as an efficient method for
separating pressure sensitive azeotropic mixtures in chemical industrial processes.
The pressure-swing distillation process is found significantly more economical and
powerful method for separation of pressure-sensitiveazeotropic mixtures than the
conventional methods like homogeneous extractive distillation process. Pressure-
swing distillation process provides an advantage over these techniques as it does not
require any additional component. However, the effective cost to maintain high
pressure in the column may be the only limitation of Pressure Swing Distillation
technique. Pressure-swing distillation can be applied to both minimum boiling and
maximum-boiling homogeneous azeotropic mixtures. With minimum-boiling systems,
the distillate streams are recycled. With maximum-boiling systems, the bottoms
streams are recycled. This paper reviews the Pressure-swing distillation process and
its applications. The Pressure-swing distillation process and its types were discussed

in details.
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CHAPTER 1

INTRODUCTION

1.1 ASPEN PLUS

Aspen Plus is a process modeling software that is widely used in the chemical
engineering industry for designing, simulating, and optimizing chemical processes.
Aspen Plus allows engineers to create models of complex chemical processes and
to test different process configurations, operating conditions, and feedstock
compositions in a virtual environment, before implementing them in a real-world
setting. The Aspen Plus model isbased on a series of interconnected process
blocks, each representing a specific unit operation or process step. These process
blocks can bearranged in a flow sheet that represents the overall process, allowing
the user to visualize the flow of material and energy through the system. Aspen
Plus provides a wide range of process blocks for various unitoperations, such as
reactors, distillation columns, heat exchangers, and separators, which can be
customized to represent specific process conditions. To create an Aspen Plus
model, the user first defines the feedstock composition and the overall process
configuration. The user can then select and configure individual process blocks to
represent the specificunit operations within the process. The user can also specify
the operating conditions for each process block, such as temperature, pressure,
flow rate,and reaction kinetics. Once the model is configured, Aspen Plus uses a
mathematical solver to simulate the behavior of the process over time. Theoutput
of the simulation includes information about the composition and properties of the
products and by-products of the process, as well as information about the energy

and material balances of the system.



Aspen Plus provides a wide range of tools for analyzing and optimizing theprocess
model, including sensitivity analysis, design optimization, and parameter
estimation. These tools allow the user to identify the most important variables
affecting the performance of the process, and to optimize the process conditions
to achieve desired outcomes, such as higher yield, lower energy consumption, or
lower cost.

Overall, Aspen Plus provides a powerful tool for designing, simulating, and
optimizing chemical processes. By using Aspen Plus to model and test different
process configurations, engineers can reduce the time and cost associated with
process development, and can improve the efficiency and sustainability of chemical

processes.

1.2 ASPEN PLUS PROCESS SIMULATION MODEL

In general, a chemical process consists of chemical components, or different
species, that are subject to physical or chemical treatment, or both. The goal of
applying such treatment steps is basically to add a value or convert the raw, cheap
material(s) into valuable, final finished products (gold). The physical treatment
steps may include mixing, separation (de- mixing), such as absorption, distillation,
and extraction, and heating/coolingwith or without a phase change. On the other
hand, the chemical treatmentstep involves a single or set of parallel, series, or
mixed reactions, which results in a change of chemical identity of each of reacting
species. Such treatment steps are visualized in the flowsheet simulator as
components being transported from a unit (or block) to another through process
streams. We can translate a process into an Aspen Plus process simulation model
by performing the following skeletal necessary steps:

1. Specify the chemical components in the process. We can fetch thesecomponents

from AspenPlus databanks, or we can introduce
them to Aspen Plus platform.
2.Specify thermodynamic models to represent the physical properties of the

components andmixtures in the process. These models are built intoAspen Plus.

3. Define the process flowsheet:



+ Define the unit operations in the process.
+ Define the process streams that flow into and out of the unit operations.

+ Select models from Aspen Plus Model Library to describe each unit operation /
chemical synthesis and place them ontothe process flowsheet.

+ Label each unit operation model (i.e., block) as part of the process

flowsheet.
4.Specify the component flow rates and the thermodynamic conditions
(temperature,pressure, and composition) of all feed streams.

Specify the operating conditions for the unit operation mode



1.3 SIMULATION ENVIRONMENT
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1.4 AZEOTROPE

An azeotrope or a constant heating point mixture is a mixture of two or more liquids
whose proportions cannot be altered or changed by simple distillation. This happens
when an azeotrope is boiled, the vapour has the same proportions of constituents as
heunboiled mixture. Because their composition is unchanged by distillation, azeotropes
arealso called (especially in older texts) constant boiling point mixtures. Some
azeotropicmixtures of pairs of compounds are known, and many azeotropes of
three or morecompounds are also known. In such a case it is not possible to separate
the componentsby fractional distillation. There are two types of azeotropes: minimum
boiling azeotropeand maximum boiling azeotrope. A solution that shows greater
positive deviation fromRaoult's law forms a minimum boiling azeotrope at a specific
composition. For example,an ethanol-water mixture (obtained by fermentation of
sugars) on fractional distillationyields a solution containing at most 97.2% (by volume)
of ethanol. Once this composition has been achieved, the liquid and vapour have the
same composition, andno further separation occurs. A solution that shows large
negative deviation from Raoult's law forms a maximum boiling azeotrope at a
specific composition. Nitric acidand water is an example of this class of azeotrope.
This azeotrope has an approximatecomposition of 68% nitric acid and 32% water by
mass, with a boiling point of 393.5 K (120.4 °C).

1.5 ETHANOL-WATER MIXTURE

Ethanol and water are two commonly used substances in various industries, including
the fuel industry, where ethanol is often used as a biofuel. However, the separation of
ethanol from water is a challenging process due to the formation of an azeotropic
mixture between the two substances. An azeotropic mixture is a liquid mixture that boils
at a constant temperature, which makes it difficult to separate the components using
traditional distillation methods. In this essay, we will explore the concept of the ethanol
and water azeotropic mixture, the challenges it poses to separation processes, and

the techniques that have been developed to overcome these challenges.



1.6 ETHANOL-WATER AZEOTROPIC MIXTURE:

An azeotropic mixture of ethanol and water occurs when the two substances are
mixed in a particular ratio, resulting in a liquid mixture that boils at a constant
temperature. The azeotropic point occurs at a composition of 95.6% ethanol and
4.4% water by weight, which boils at 78.15°C. At this point, any attempt to distill
the mixture results in the formation of a vapor that has the same composition as
the liquid, making itimpossible to separate the two substances using traditional
distillationmethods.

Challenges in Separating Ethanol from Water

The formation of the ethanol-water azeotropic mixture presents several challenges
in the separation of the two substances. The main challenge is that traditional
distillation methods are ineffective in separating the two substances because they
boil at the same temperature. As a result, any attempt to distill the mixture results
in the formation of a vapor that has the same composition as the liquid, making it
impossible to separate the two substances using traditional distillation methods.
Techniques for Separating Ethanol from Water Several techniques have been
developed to overcome the challengesposed by the formation of the ethanol-water
azeotropic mixture.

The formation of the ethanol-water azeotropic mixture presents a significant
challenge in the separation of the two substances. However, several techniques
have been developed to overcome this challenge, including extractive distillation,
azeotropic distillation, and membrane separation. These techniques have proved
to be effective in separating ethanol from water, allowing for the production of
ethanol as a biofuel and other industries where ethanol is used as a solvent. As
technology advances, we can expect further developments in the techniques used

to separate the ethanol-water azetropic mixture.



1.7 Methods to separate an Azeotropic mixture

1.Extractive Distillation

2.Azeotropic Distillation

3.Vacuum Distillation

4 .Pressure Swing Distillation

1.7.1 Extractive Distillation

Extractive distillation is defined as distillation in the presence of a miscible, high
boiling, relatively non-volatile component, the solvent, that forms no azeotrope
with the other components in the mixture. The method is used

for mixtures having a low value of relative volatility, nearing unity. Such mixtures
cannot be separated by simple distillation, because the volatility of the two
components in the mixture is nearly the same, causing them to evaporate at nearly
the same temperature at a similar rate, making normal distillation impractical. The
method of extractive distillation uses a separation solvent, which is generally non-
volatile, has a high boiling point and is miscible with the mixture, but doesn't form
an azeotropicmixture. The solvent interacts differently with the components of the
mixture thereby causing their relative volatilities to change. This enables the new
three-part mixture to be separated by normal distillation. The original component
with the greatest volatility separates out as the top product.The bottom product
consists of a mixture of the solvent and the other component, which can again be
separated easily because the solvent doesnot form an azeotrope with it. The bottom

product can be separated by anyof the methods available.



1.7.2. Azeotropic Distillation

Azeotropic distillation is any of a range of techniques used to break an azeotrope
in distillation. In chemical engineering, azeotropic distillation usually refers to the
specific technique of adding another component to generate a new, lower-boiling
azeotrope that is heterogeneous (e.g. producing two, immiscible liquid phases),
such as the example below with the addition of benzene to water and ethanol. This
practice of adding an entrainer which forms a separate phase is a specific sub-set
of (industrial) azeotropic distillation methods, or combination thereof. In some

senses, adding an entrainer is like extractive distillation.

1.7.3. Vaccum Distillation

Vacuum distillation is distillation performed under reduced pressure, which allows
the purification of compounds not readily distilled at ambient pressures or simply
to save time or energy. This technique separates compounds based on differences
in their boiling points. This technique is used when the boiling point of the desired
compound is difficult to achieve or will cause the compound to decompose.
Reduced pressures decrease the boiling point of compounds. The reduction in
boiling point can be calculated using a temperature-pressure nomograph using the

Clausius- Clapeyron equation.

1.7.4. Pressure-swing Distillation

Pressure-swing distillation, relies on the fact that an azeotrope is pressure
dependent. An azeotrope is not a range of concentrations that cannot be distilled,
but the point at which the activity coefficients of the distillates are crossing one
another. If the azeotrope can be "jumped over", distillation cancontinue, although
because the activity coefficients have crossed, the waterwill boil out of the remaining
ethanol, rather than the ethanol outof the wateras at lower concentrations. To
"jump" the azeotrope, the azeotrope can be moved by altering the pressure.
Typically, pressure will be set such thatthe azeotrope will differ from the azeotrope
at ambient pressure by some percent in either direction. For an ethanol-water

mixture, that may be at 93.9% for 20bar overpressure, instead of 95.3% at ambient

8



pressure. The distillation then works in the opposite direction, with the ethanol
emerging inthe bottoms and the water in the distillate. While in the low pressure
column,ethanol is enriched on the way to the top end of the column, the high
pressure column enriches ethanol on the bottom end, as ethanol is nowthe

highboiler. The top product (water as distillate) is then again fed to the

low-pressure column, where the normal distillation is done. The bottom product of
the low pressure column primarily consists of water, while the bottom stream of the
high pressure column is nearly pure ethanol atconcentrations of 99% or higher.
Pressure swing distillation essentially inverts the K values[definition needed] and
subsequently inverts which endof the column each component comes out when
compared to standard low pressure distillation. Overall the pressure-swing
distillation is a very robust and not so highly sophisticated method compared to
multi component distillation or membrane processes, but the energy demand is in
general higher. Also the investment cost of the distillation columns is higher, due

tothe pressure inside the vessels.

1.8 Uses of Pressure-Swing-Distillation;

Pressure-swing azeotropic distillation uses two columns operating at two
different pressures to separate azeotropic mixtures by taking high-purity
product streams from one end of the columns and recycling the streams
from the other end with compositions near the two azeotropes. It is widely
used to separate minimum boiling the azeotropic composition has
significant pressure dependence. The two columns operate at different
pressures with distillate streams having compositions close to their

respective azeotropes.



1.9 Advantages of Pressure-Swing-Distillation:

1 .Low investment cost because of a smaller number of
distillation columns(compared to concepts with entrainer).
2 .Energy savings is high in the case of the continuous PSD operation. |

3. No additional substances (entrainer) are needed for the separation in PSD

1.10 DISADVANTAGES :

1.Available and reliable azeotropic data

2. More complex control structure and automation concept.

3. Pressure sensitive azeotropic mixture.

4.In the case of a low temperature azeotrope, the products are in the
column bottom, which could be mean that there are also all

contaminations(high boiling byproducts).

1.11 Comparison between Pressure-swing and Extractive distillation:

1. Energy Demand of Extractive distillation is lower than Pressure-Swing
Distillation.

2. Higher recovery is achieved by Extractive distillation than the process by the
PSD,

3. Extractive distillation needs much more operation steps than the PSD.
4. The control of PSD is easier than that of the Extractive

distillation since thecolumns are operating practically in steady

state.

5. The capital cost of the Pressure-Swing Distillation (PSD) are higher

than that of theExtractive distillation.
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CHAPTER 2
LITERATURE SURVEY

EXTRACTIVE DISTILLATION AND PRESSURE SWING DISTILLATION FOR
THF/ETHANOL SEPERATION.WANG.Y, CUI.P, MA.Y.

During the synthesis of a liquid crystal monomer, an effluent including
tetrahydrofuran(THF) and ethanol is produced. Since THF and ethanol are both
important solvents used in the chemical industry, it is necessary to separate the
mixture of THF and ethanol for reuse. However, it is hard to effectively separate
themixture via simple distillation because a minimum azeotrope is formed in the

binarysystem.

SIMULATION OF PRESSURE-SWING DISTILLATION FOR SEPARATION OF
ETHYL ACETATEETHANOL-WATER.JING YANGET AL(2017).

In the light of the azeotrope of ethyl acetate-ethanol-water, a process of pressure
swing distillation is proposed. The separation process is simulated by Aspen Plus,
and the effects of theoretical stage number, reflux ratio and feed stage about the
pressure swing distillation are optimized. Some better process parameters are as
follows: for ethyl acetate refining tower, the pressure is 500.0 kPa, theoretical stage
number is 16, reflux ratio is 0.6, feed stage is 5; for crude ethanol tower, the
pressure is 101.3 kPa, theoretical stage number is 15, reflux ratio is 0.3, feedstage
is 4; for ethanol tower, the pressure is 101.3 kPa, theoretical stage humber is25,
reflux ratio is 1.2, feed stage is 10. The mass fraction of ethyl acetate in the bottom
of the ethyl acetate refining tower reaches 0.9990, the mass fraction of ethanol in
the top of the ethanol tower. Reaches 0.9017, the mass fraction of water in the
bottom of the ethanol tower reaches 0.9622, and there is also no ethylacetate in the
bottom of the ethanol tower. With laboratory tests, experimental results are in good
agreement with the simulation results, which indicates that the separation of ethyl

acetate ethanol water can be realized by the Pressure-swing.
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KHAJEH ET AL. (2019), THE SEPARATION OF ETHANOL AND WATER WAS
MODELED USING ASPEN PLUS.

The authors conducted a literature review of previous works related tothe
separation of ethanol and water. They found that distillation was the most common
method used, and that the separation process was affectedby factors such as
temperature, pressure, and feed composition. The authors also noted that
simulation software was increasingly being used to model the separation process.
Using Aspen Plus, Khajeh et al. developed a model for the separation of ethanol
and water based on a distillation column. They used the NRTL (Non-Random Two
Liquid) thermodynamic model to describe the liquid phase behavior and the Wilson
model for the vapor phase behavior. The model was validated using experimental
data from a pilot distillationcolumn. The results showed that the model accurately
predicted the separation process for a range of operating conditions. The authors
also conducted a sensitivity analysis to determine the effect of different factors
on the separation efficiency. They found that increasing the reflux ratio and
decreasing the feed temperature improved the separation efficiency, while
increasing the feed flow rate hadthe opposite effect.

Overall, Khajeh et al.'s study demonstrates the effectiveness of using Aspen Plus
to model the separation of ethanol and water. Their results provide useful insights
into the factors that affect the separation process and can inform the design of

distillation columns for this application.
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LIU ET AL. (2018) INVESTIGATED THE SEPARATION OF ETHANOL AND
WATER USING A HYBRID PROCESS THAT COMBINES PERVAPORATION
AND DISTILLATION.

The authors began their study by comparing the performance of three different
pervaporation membranes: PDMS (polydimethylsiloxane), PVA (polyvinyl
alcohol), and PIM-1 (polymers of intrinsic microporosity). They found that the PIM-
1 membrane had the highest ethanol flux and selectivity, making it the best
candidate for the pervaporation process. Next, Liu et al. designed a hybrid process
that combined pervaporation with distillation. In this process, the feed mixture was
first heated and sentto the pervaporation unit, where the PIM-1 separated the
ethanolfrom water. The Permeate membrane containing ethanol was then sent to
the distillation unit, where it was further purified and separated from water. The
authors compared the performance of the hybrid process with that ofdistillation
alone. The results showed that the hybrid process had a higher separation
efficiency and lower energy consumption thandistillation alone. The hybrid process
also had a smaller footprint and lower capital cost than distillation alone. The
authors attributed the improved performance of the hybrid process to the removal
of a portion of the ethanol by pervaporation, which reduced the load on the
distillation unit and improved its efficiency.

Overall, Liu et al.'s study demonstrates the effectiveness of using a hybridprocess
that combines pervaporation and distillation for the separation of ethanol and
water. Their results provide useful insights into the design and optimization of
hybrid separation processes for this application, and highlight the potential for
improving energy efficiency and cost- effectiveness in chemical separation

processes.
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STUDY BY WANG ET AL. (2017), THE SEPARATION OF ETHANOL AND
WATER WAS MODELED USING A TWO-COLUMNDISTILLATION PROCESS.

To begin their study, the authors conducted a literature review of previousworks
related to the separation of ethanol and water. They found that distillation was the
most common method used, and that the separation process was affected by
factors such as temperature, pressure, and feed composition. The authors also
noted that simulation software was increasingly being used to model the separation
process.

Using Aspen Plus, a process simulation software commonly used in chemical
engineering, Wang et al. developed a model for the separation of ethanol and water
based on a two-column distillation process. The model consisted of a stripping
column and a rectifying column, which were connected by a reboiler and a
condenser. The model was validated usingexperimental data from a pilot two-
column distillation column.

The results showed that the model accurately predicted the separation process
for a range of operating conditions. The authors also conducteda sensitivity
analysis to determine the effect of different factors on the separation efficiency.
They found that increasing the reflux ratio and decreasing the feed temperature
improved the separation efficiency, while increasing the feed flow rate had the
opposite effect.

Overall, Wang et al.'s study demonstrates the effectiveness of using a two-column
distillation process to separate ethanol and water. Their results provide useful
insights into the factors that affect the separation process and can inform the design
of distillation columns for this application. The study also highlights the potential for
using simulation software to optimize the design and operation of distillation

columns in chemical separation processes.
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STUDY BY SHOKOUHI ET AL. (2016) MODELED THE SEPARATION OF
ETHANOL AND WATER USING ASPEN PLUS AND COMPARED THE
PERFORMANCE OF SEVERAL SEPARATION PROCESSES INCLUDING
DISTILLATION.

The authors began their study by conducting a literature review of previous works
related to the separation of ethanol and water. They foundthat distillation was the
most common method used, but that alternative methods such as membrane
separation, adsorption, and reactive distillation had also been investigated. The
authors also noted that simulation software was increasingly being used to model
the separation process. Using Aspen Plus, Shokoubhi et al. developed a model for
the separation of ethanol and water based on several separation processes,
including distillation, pervaporation, adsorption, and reactive distillation. The
model was validated using experimental data from previous studies.The results
showed that all of the separation processes were able to effectively separate
ethanol and water, but with varying degreesof efficiency and energy consumption.
Pervaporation and adsorption had lower energy consumption but lower separation
efficiency, while reactive distillation had intermediate energy consumption and
separation efficiency. Overall, Shokouhi et al.'s study provides a useful
comparison of several separation processes for the separation of ethanol and
water. The results demonstrate the trade- offs between separation efficiency and
energy consumption for each process, which can inform the selection and design
of separation processes for this application. The study also highlights the potential
for using simulation software to optimize thedesignand operation of separation

processes in chemical engineering.
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STUDY BY WU ET AL. (2021), THE SEPARATION OF ETHANOL ANDWATER
USING PERVAPORATION WAS MODELED USING ASPEN PLUS.

The authors began their study by conducting a literature review of previous works
related to the separation of ethanol and water using pervaporation. They found
that pervaporation had several advantages over conventional distillation methods,
including lower energy consumption, higher selectivity, and the ability to operate
at lower methods were limited by the formation of azeotropes, which are mixtures of
two or more components that have a constant boiling point and therefore cannot
be separated by distillation. Azeotropic distillation is a modified distillation method
that can overcome this limitation by using a thirdcomponent, called an entrainer,
to break the azeotrope and allow for further separation of the components. Using
Aspen Plus, a process simulation software commonly used in chemical
engineering, Oluwole et al. developed a model for the separation of ethanol and
water using azeotropic distillation. The model consisted of a distillation column
with an entrainer feed and a reboiler. The authors then conducted a sensitivity
analysis to determine the effect of different factors on the separation efficiency.
They found that increasing the entrainer flow rate and decreasing the feed
temperature improved the separation efficiency, while increasing the feed flow rate
had the opposite effect. The authors also noted that the choice of entrainer had a
significant impact on the separation efficiency, with cyclohexane and toluene
being the most effective entrainers. The results of the study showed that
azeotropic distillation could effectively separate ethanol and water, with a
separation efficiency of up to 99.9%. The authors concluded that azeotropic
distillation could be a promising alternative to conventional distillation methods for

the separation of ethanol and water, especially for
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applications where high purity is required.

Overall, Oluwole et al.'s study provides a useful exploration of the potential for
azeotropic distillation to overcome the limitations of conventional distillation
methods for the separation of ethanol and water. The results demonstrate the
effectiveness of this modified distillation method and highlight the importance of
entrainer selection for achieving optimal separation efficiency. The study also
underscores the potentialfor using simulation software to optimize the design and
operation of distillation columns in chemical separation processes temperatures
and pressures. However, the process was limited by the membraneselectivity,
membrane fouling, and mass transfer limitations.Using Aspen Plus, Wu et al.
developed a model for the separation of ethanol and waterusing pervaporation.
The model consisted of a pervaporation module, a feed tank, a vacuum pump,
and a condenser. The authors then conducted a sensitivity analysis to determine
the effect of different factorson the separation efficiency, including membrane
thickness, feed temperature, feed flow rate, and vacuum pressure. The results of
the study showed that pervaporation could effectively separate ethanol and water,
with a separation efficiency of up to 99.8%. The authors found thatincreasing the
membrane thickness and decreasing the feed temperature improved the
separation efficiency, while increasing the feed flow rate hadthe opposite effect.
They also noted that vacuum pressure had a significant impact on the separation
efficiency, with higher vacuum pressures resulting in higher separation
efficiencies. The authors then used the simulation results to optimize the design
and operation of the pervaporation module. They found that using a membrane
with higher selectivity, operating at lower temperatures and pressures, and
optimizing the flow rates could further improve the separation efficiency and
reduce energy consumption. Overall, Wu et al.'s study provides a useful
demonstration of the potential for pervaporation to effectively separate ethanol

and water, and the importance of modeling and
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optimizing the process using simulation software. The results highlightthe trade-
offs between different factors that affect the separation efficiency and energy
consumption and provide insights into the design and operation of pervaporation

modules for this application.

STUDY BY CHEN ET AL. (2020) INVESTIGATED THE USE OF AZEOTROPIC
DISTILLATION WITH SALT ADDITION FOR THE SEPARATION OF ETHANOL
AND WATER.

The authors began their study by conducting a literature review of previous works
related to the separation of ethanol and water. They found that conventional
distillation methods were limited by the formation of azeotropes, which are
mixtures of two or more components that have a constant boiling point and
therefore cannot be separated by distillation. Azeotropic distillation is a modified
distillation method that can overcome this limitation by using a third component,
called an entrainer, to break the azeotrope and allow for further separation of the
components.

In their study, Chen et al. investigated the use of salt addition as a meansof
enhancing the separation efficiency of azeotropic distillation. They hypothesized
that the addition of salt could alter the thermodynamic properties of the mixture

and facilitate the separation of ethanol and water.
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IN A STUDY BY TRUJILLO-RAMIREZ ET AL. (2019), THE SEPARATION OF
ETHANOL AND WATER USING EXTRACTIVE DISTILLATION WITH IONIC
LIQUIDS WAS MODELED USING ASPEN PLUS.

The study aimed to evaluate the feasibility and performance of usingionic
liquids as entrainers in extractive distillation for the separation of ethanol and
water. The specific ionic liquid used in this study was 1-ethyl-3-methylimidazolium
bis(trifluoromethyl sulfonylimide ([EMIM][Tf2N]).

The Aspen Plus simulation was carried out using the non-random two- liquid
(NRTL) model to describe the thermodynamic behavior of the mixture. The
simulation considered the effects of pressure, temperature, and composition on
the separation efficiency of the extractive distillation process.

The results showed that the use of [EMIM][Tf2N] as an entrainer inextractive
distillation could significantly improve the separation efficiency of the ethanol-water
mixture. The use of [EMIM][Tf2N] resulted in a higherconcentration of ethanol in
the distillate, and a lower concentration of ethanol in the residue.

The study also investigated the effect of different operating conditions on the
separation efficiency of the extractive distillation process. It was found that
increasing the reflux ratio and entrainer/feed ratio could improve the separation
efficiency, while increasing the column pressure had a negative effect on the
separation efficiency.

Overall, the study demonstrated the potential of using ionic liquids as entrainers
in extractive distillation for the separation of ethanol and water. The results
obtained from the Aspen Plus simulation can be used as a basis for designing and

optimizing extractive distillation processes using ionic liquids.
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STUDY BY MONDEJAR ET AL. (2018) INVESTIGATED THE USE OF
MEMBRANE DISTILLATION FOR THE SEPARATION OF ETHANOL AND
WATER.

The study used a polyvinylidene fluoride (PVDF) membrane and evaluated the
effect of temperature and feed concentration on the separation efficiency. The
researchers found that increasing the temperature improved the separation
efficiency due to increased vapor pressure, while increasing the feed
concentration decreased theseparation efficiency due to increased concentration
polarization.

The study also evaluated the performance of the membrane distillation process
compared to conventional distillation and pervaporation. The results showed that
membrane distillation had lower energy consumptionand produced higher-purity
ethanol compared to conventional distillation, while having a comparable
performance to pervaporation. In addition, the study investigated the use of a multi-
stage membrane distillation system tofurther improve the separation efficiency.
The results showed that the multi-stage system improved the separation efficiency
by reducing the concentration polarization and increasing the temperature
difference between the feed and permeate sides of the membrane.Overall, the
studydemonstrated the potential of membrane distillation as an efficient and cost-
effective alternative to conventional distillation and pervaporation for the
separation of ethanol and water. The use of a multi-stage membrane distillation
system also shows promise for further improving the separation efficiency was

shown.
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STUDY BY THAKUR ET AL. (2017) INVESTIGATED THE USE OF MEMBRANE
SEPARATION FOR THE SEPARATION OF ETHANOL AND WATER

The pervaporation process involved the use of a polyvinyl alcohol (PVA)
membrane, while  the membrane distillation process used a
polytetrafluoroethylene (PTFE) membrane. Both membranes were testedfor their
ability to separate ethanol and water from binary and ternary mixtures.

The study evaluated the effect of feed temperature, feed concentration, and
operating pressure on the separation efficiency of both pervaporation and
membrane distillation. The results showed that increasing the feed temperature
improved the separation efficiency of both processes, while increasing the feed
concentration had a negative effect on the separationefficiency. The study also
compared the performance of the two membrane separation processes with
conventional distillation. The results showed that both pervaporation and
membrane distillation had lower energy consumption and produced higher-purity
ethanol compared to conventional distillation. Furthermore, the study investigated
the use of a multi-stage membrane separation system to further improve the
separation efficiency. The results showed that the multi- stage system improved
the separation efficiency of both pervaporation and membrane distillation by
reducing concentration polarization and increasing the temperature difference
between the feed and permeate sides of the membrane. Overall, the study
demonstrated the potential of membrane separation processes as a cost-effective
and efficient alternative to conventional distillation for the separation of ethanol
and water. The use of a multi-stage membrane separation system also showed

promise for further improving the separation efficiency of these processes.
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CHAPTER-3

AIM AND SCOPE
3.1 AIM

e To simulate the separation of ethanol and water using pressure swingdistillation
in Aspen Plus.

e To determine the optimal process parameters, such as pressure andtemperature,
to achieve a high level of separation between the two components.

e To evaluate the effect of varying process parameters on the purity of the final
products.

e To compare the results of pressure swing distillation with other separation
methods, such as azeotropic distillation or extractive distillation.

e To compare the results of pressure swing distillation with other separation
methods, such as azeotropic distillation or extractive distillation.

3.2 SCOPE

e The project will focus on simulating the separation of ethanol and water using
pressure swing distillation in Aspen Plus software.

e The project will investigate the effect of varying process parameters such as
pressure and temperature on the separation of ethanol and water.

e The project will evaluate the purity of the final products obtained through pressure
swing distillation and compare it with other separation methods.

e The project will provide insights into the feasibility and potential benefits of using
pressure swing distillation for industrial-scale separation of ethanol andwater.

e The project will assume ideal conditions and will not consider the effect of
impurities or non-ideal behaviors of the components.

e The project will not include the design of the distillation column but will focuson
optimizing the process parameters for separation.
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CHAPTER 4

MATERIALS AND METHODS

4.1 ASPEN PLUS COLUMN MODEL:

The Aspen Plus model consists of a series of interconnected unit operations, each
representing a different stage of the process. These unit operations are connected
by streams that transport materials between them.

Aspen Plus allows users to specify the properties of each stream, such as
composition,flow rate, temperature, and pressure.

Aspen Plus offers a wide range of thermodynamic models, including activity
coefficient models, equation of state models, and property method models. These
models allow users to accurately predict the behavior of chemical systems under
different conditions.

The software also includes a powerful optimizer that can be used to optimize the
process design and operation. Users can specify different design and operating
variables, such as reactor size, feed rate, and temperature, and Aspen Plus will
determine the optimal values for these variables based on user-defined criteria, such
as maximum yield or minimum cost.

Aspen Plus also includes a range of tools for data analysis and visualization,
including process flow diagrams, heat and material balances, and interactive graphs.
These tools allow users to better understand the behavior of their chemical systems
and make informed decisions about process design and operation.

Overall, Aspen Plus is a powerful tool for process simulation and optimization, widely
used in the chemical and petrochemical industries for design and optimization of

chemical processes.
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4.2 PROPERTY METHOD :

NRTL METHOD:

The NRTL-RK (Non-Random Two-Liquid Redlich-Kister) method is a
thermodynamic model that can be used in Aspen Plus for the simulation of
pressure swing distillation processes. This method is particularly useful for the
separation of azeotropic and near- azeotropic mixtures, such as ethanol and
water, which are difficult to separate by traditional distillation techniques.The
NRTL-RK method is based on the activity coefficient model, which takes into
account the non-ideality of the mixture. It usesbinary interaction parameters
(BIPs) to represent the interactions between the components of the mixture.
These parameters are typically determined through experimental
measurements or estimated using molecular simulation techniques. In Aspen
Plus, the NRTL-RK method can be used to simulate pressure swing distillation
processes for the separation of ethanol and water. The NRTL-RK model can
be selected in the thermodynamic property method in the simulation setup. The
simulation setup will also require the input of the feed composition, operating
pressure, number of trays, and column design parameters. After the simulation
is run, the NRTL-RK method will provide output data, including the composition
of the distillate and bottom products, the purity of the distillate, and the energy
consumption of the process. The BIPs used in the simulation can also be
analyzed to evaluate the accuracy of the model. The NRTL-RK method has
been shown to be effective in the simulationof pressure swing distillation
processes for the separation of ethanol and water. By optimizing the process
parameters and column design using the NRTL-RK method, it is possible to

achieve high separation efficiency and purity of the distillate.
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In addition to the NRTL-RK method, Aspen Plus also supports other
thermodynamic models for the simulation of pressure swing distillation processes,
including UNIQUAC, Wilson, and Peng- Robinson EOS. The choice of the
thermodynamic model will depend on the specific characteristics of the mixture
being separated, as wellas the design and operating parameters of the pressure

swing distillation column.

In pressure swing distillation, the operating pressure is typically cycled between a
high pressure and a low pressure to facilitate the separation of the components.
The high pressure allows for theseparation of the more volatile component, while
the low pressure allows for the separation of the less volatile component. This cycle

is repeated until the desired level of separation is achieved.

The design of the pressure swing distillation column is crucial in achieving high
separation efficiency. The column should be designedto provide sufficient contact
between the vapor and liquid phases to facilitate the separation of the components.
Various types of packing materials can be used, including structured packings,
random packings, and trays. The choice of packing material will depend on the

specific requirements of the separation process.

Overall, the use of Aspen Plus and thermodynamic models such as the NRTL-RK
method can greatly facilitate the design and optimization of pressure swing
distillation processes for the separation of azeotropic and near-azeotropic
mixtures. By carefully selecting the appropriate thermodynamic model, process
parameters, and column design, it is possible to achieve high separation efficiency

and purity of the distillate.
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4.3 SIMULATION SETUP:

Feed Stream: The feed stream consists of a mixture of ethanol and water, typically
with an ethanol concentration of around 5-10%. The feed stream is introduced to
the first distillation column

High-Pressure Column: The high-pressure column operates at a relatively high
pressure, typically around 4-6 atm. The feed stream is introduced at the bottom of
the column, and steam is introduced at thetop to create a countercurrent flow. The
ethanol and water mixture is partially vaporized and separated in the column, with
the ethanol-richvapor leaving at the top and the water-rich liquid leaving at the
bottom.

Low-Pressure Column: The low-pressure column operates at thelowest pressure,
typically around 1-2 atm. The ethanol-rich vapor from the intermediate-pressure
column is introduced at the top of the low-pressure column, and steam is
introduced at the bottom. The ethanol and water mixture is further separated in
the column, withthe ethanol-rich vapor leaving at the top and the water-rich liquid
leaving at the bottom.

Condenser: The ethanol-rich vapor from the low-pressure column is condensed to
a liquid and collected in a storage tank. The water-rich liquid from the low-pressure
column is also collected in a separate storage tank.

Pressure Swing: After a certain amount of time, the pressure in the high-pressure
column is reduced, and the high-pressure column becomes the intermediate-
pressure column. The pressure in the intermediate-pressure column is also
reduced, and it becomes the low-pressure column. A new high-pressure column
is then introduced, and the process continues.

The pressure swing distillation process is repeated in a cyclic manner to separate
the ethanol and water mixture into a higher purity ethanol stream and a lower
purity water stream. The number of distillation columns and the pressure levels
used depend on the specific separation requirements and can be optimized using

Aspen Plus simulation software.
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4.4 FEED STREAM:

The feed stream typically contains a relatively low concentration of ethanol, 20%.
The low ethanol concentration is necessary to prevent azeotropic behavior and
maximize the separation efficiency. At higher ethanol concentrations, the
separation becomes more challenging, and azeotropes may form, making it difficult
to achieve high purity ethanol.

The feed stream is introduced into the first distillation column, which operates at a
relatively pressure, typically around 1 atm. The column is designed to partially
vaporize the feed stream and separate the ethanol and water mixture. The vapor
is enriched in ethanol and leaves the top ofthe column, while the liquid is enriched
in water and leaves the bottom ofthe column.

In Aspen Plus, the feed stream is modeled as a separate input stream that can be
customized based on the specific requirements of the separation process. The
feed stream can be specified in terms of its composition, flow rate, and
temperature. The feed temperature is an important parameter that affects the
separation efficiency and energy consumption. A higher feed temperature will
require less energy to vaporize the feed, butmay also reduce the separation
efficiency.

The feed stream can also be preheated before entering the first distillation column
to reduce the energy required for vaporization. Preheating can be achieved using
a heat exchanger, where the feed stream is heated by the exiting vapor from the
distillation column. To optimize the performance of the pressure swing distillation
process, it is important to carefully control the feed composition and flow rate. The
feed composition can be adjusted to maximize the separation efficiency and

minimize the formation of azeotropes.
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The flow rate must be carefully controlled to ensure that the column operates within
its design parameters and achieves the desired separation efficiency.

In summary, the feed is a critical component of the separation of ethanol and water
using pressure swing distillation in Aspen Plus. The feed composition and flow rate
are important parameters that affect the separation efficiency and energy
consumption. By carefully controlling the feed parameters, it is possible to achieve

high purity ethanol and optimize the performance of the distillation process.

Main Flowsheet < FEED (MATERIAL) « | +

]@Mixed Cl5olid | NCSolid | Flash Options. | EO Options | Costing | Comments |
| Specifications v | Component Aftributes
Flash Type Temperature * Pressure » ( Composition - v | Particle Size Distribution
Mole-F ¥
State variables - =
Temperature 65 C v Component Value
Pressure 1 atm ¥ ETHANCL 02
Vapor fracti
apor fraction WATER 08
Total flow basis Mass v
Total flow rate 24000  kg/hr %
Salvent
Reference Temperature —
Volurne flow reference temperature

Cnrnnnent roncentratinn referane e temneratire

Fig 4.3 Feed
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T-XY DIAGRAM :
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Fig 4.4 T-xy Diagram

4.5LOW PRESSURE COLUMN :

The low-pressure column plays a critical role in achieving high purity ethanol. In
Aspen Plus, the low-pressure column operates at the lowest pressure in the
distillation system and is responsible for separating the remaining ethanol and water
mixture to produce a high-purity ethanol stream. The low-pressure column typically
operates at a pressure of 1-2 atm and is the final distillation column in the pressure
swing distillation process. The ethanol-rich vapor from the intermediate-pressure

column is introduced at the top of the low-pressure column,
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and steam is introduced at the bottom of the column to create a countercurrent flow.
The ethanol and water mixture is further separated in the column, with the ethanol-
rich vapor leaving at the top and the water-rich liquid leaving at the bottom.

The separation of ethanol and water in the low-pressure column is basedon the
principle of relative volatility, which is the ratio of the vapor pressures of the two
components.

Ethanol has a higher vapor pressure than water, which means that it hasa higher
relative volatility. Therefore, at low pressures, the ethanol-rich vapor will tend to be
enriched in ethanol, while the water-rich liquid will tend to be enriched in water.

To achieve high purity ethanol, the low-pressure column must be operated under
optimal conditions. The temperature, pressure, and flow rates of the feed and steam
streams must be carefully controlled to achieve the desired separation efficiency.
Aspen Plus simulation software can be used to optimize the operating conditions of
the low- pressure column and the overall pressure swing distillation process. In
addition to the operating conditions, the design of the low-pressurecolumn also plays
an important role in achieving high purity ethanol. The column height, diameter, and
packing material must be carefully selected to ensure that the desired separation
efficiency is achieved. Aspen Plus can be used to model different column designs
and evaluate their performance in terms of separation efficiency, energy
consumption,and other factors. In summary, the low-pressure column is a critical
component of the pressure swing distillation process for separating ethanol and
water. In Aspen Plus, the low-pressure column is designed and optimized to achieve
high purity ethanol by carefully controlling the operating conditions and selecting the

appropriate column design.
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NUMBER OF TRAYS:

The number of trays in the pressure swing distillation column will alsoimpact

theseparation efficiency. More trays generally lead to better separation efficiency.

LPC CONFIGURATION:

Main Flowsheet - | FEED (MATERIAL) - " LPC (RadFrac) [+

@ Configuration | @ Streams |@F‘rasure |ﬂG:rnden&er |ﬂRebDiler ‘B-Phase |Comments |

-Setup options
Calculation type Equilibrium =
Number of stages 28 $
Condenser Total =
Reboiler Kettle =
Valid phases Vapor-Liguid =
Convergence Azeotropic =

- Operating specifications
Reflux ratio * Mole ki 4
Distillate to feed ratio v Mole ¥ 0.2

Free water reflux ratio f

Design and specify column internals

Fig 4.5 Low pressure column configuration
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LPC STREAMS:

" Main Flowsheet | FEED (MATERIAL) - LPC (RadFrag) * |+

Type

Conditions I Conditions

@ Confiquration | &Streams | §Pressure |@Condenser |QRebui|er ‘E-Phase Comments
-Feed streams
Name Stage Convention
b FEED-M 21 Above-Stage
-Product streams
Name Stage Phase Basis Flow Units Flow Ratio Feed Specs
0P 1 Liquid Mole kol | Febais |
BV 28 Liguid bole kaol/h | Feed basis |
~Pseudo streams
Name  PseudoStream  Stage  IntemalPhase RebollerPhase  Reboilr  Pumparound  Pumparound Flow Units

Fig 4.6 Low pressure column streams
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LPC PRESSURE:

Main Flowsheet | FEED (MATERIAL) - LPC (RadFrac) « | +

I .|I@Cﬂnfigurati0n | (@ Streams ‘ @PFESSUFE-ilﬁCDndenser | & Reboiler | 3-Phase |Cnmment5 |

View Tap / Bottom -

~Top stage / Condenser pressure -

Stage 1/ Condenser pressure 0.1 bar L

-Stage 2 pressure (optional) -
@ Stage 2 pressure bar ¥

' Condenser pressure drop biar

Pressure drop for rest of column (optional)
) Stage pressure drop 0.00498178 bar -3

| Column pressure drop bar

Fig 4.7 Low pressure column pressure

4.6 HIGH PRESSURE COLUMN :

High pressure column is an important component in the process of pressure swing
distillation for separating ethanol and water. Pressure swing distillation is a technique
that utilizes differences in boiling points of components in a mixture to separate them.
Inthe case of ethanol and water, ethanol has a lower boiling point than water, making

it possible toseparate them through distillation.
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In pressure swing distillation, the process takes place under high pressure, which
increases the boiling point of both components. The high-pressure column is
designed to operate at an elevated pressure of typically 10-15 atm. This column is
responsible for increasing the pressure of the feed mixture to the required level, and
it also serves as thefirst distillation column in the separation process.

The high-pressure column is typically packed with a specialized packing material that
provides a large surface area for vapor-liquid contact. The packing material is
carefully selected to ensure efficient mass transfer between the vapor and liquid
phases. In addition, the column may be equipped with trays that serve to enhance
separation efficiency.

The high-pressure column operates under reflux conditions, whereby thevapor that
is generated during the distillation process is condensed and returned to the column
as a liquid. This reflux helps to maintain the concentration gradient of the
components in the mixture, allowing for efficient separation. During the pressure
swing distillation process, the feed mixture is introduced into the high pressure
column, where it is heated to the required temperature. As the mixture boils, the
vapor is enriched in the more volatile component (ethanol), and the liquid becomes
enriched in the less volatile component (water). The enriched vapor is then
condensed and collected as a distillate, while the liquidthat remains in the column
is called the bottoms product. The high pressure column in pressure swing distillation
plays a critical role in the separation of ethanol and water. By operating under high
pressure, the boiling points of the components are increased, allowing for separation
ata lower temperature than would be possible under atmospheric pressure. This
results in energy savings and improved separation efficiency, making pressure swing

distillation an attractive option for industrial- scale separation of ethanol and water.
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HPC CONFIGRATION :

“Main Flowsheet - HPC (RadFrac) « |+

& Configuration | @ Streams |ﬁPrﬁsure |0Ccrndenser |$Rebuiler |3-F'hase |Cnmmen13

- Setup options

Calculation type

Murnber of stages 49 :;, Stage Wizard

Condenser Partial-Vapor ™
Reboiler Kettle -
Valid phases Vepor-Liguid -
Convergence Azeotropic =

Reflux ratio = Mole - 3
Distillate to feed ratio * Mole - 0.5

Free water reflux ratio f

Design and specify column internals

Fig 4.8 High pressure column configuration
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HPC STREAMS :

| @ Cenfiguration | @ Streams |QPressure | & Condenser | & Reboiler | 3-Phase | Comments

- Feed streams

MName Stage Convention
» | P-TOP1 22 Above-Stage
- Product streams
MName Stage Phase Basis Flow Units Flow Ratio Feed Specs
TOP2 1 Vapor Mole kenol/hr
B2 49 Liquid Muole krnol hr

Fig 4.9 High pressure column streams

HPC PRESSURE :

~ Main Flowsheet °

"HPC (RadFrac) ~ |+

| & Configuration I &3 Streams | &9 Pressure I@Condenser I &3 Reboiler

Wiew

-Top stage / Condenser pressure

n  Bottom #

3-Phase | Comments

Stage 1/ Condenser pressure 20 bar =

~5Stage 2 pressure (opticnal)

@ Stage 2 pressure bar S

) Condenser pressure drop bar -

-Pressure drop for rest of column (optional)

@ Stage pressure drop 0.00498178 bar T

() Column pressure drop bar

Fig 4.10 High pressure column pressure
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4.7 PUMP:

Pumps play an important role in pressure swing distillation, a technique used for
separating different components in a mixture based on their differences in boiling
points. The pump used in this process is called a compressor, which is responsible
for increasing the pressure of the feed mixture to the required level for the distillation
process to take place. Thecompressor used in pressure swing distillation is typically
a positivedisplacement compressor, which works by trapping a fixed volume of gas
and then compressing it to a higher pressure. This type of compressoris preferred over
other types, such as dynamic compressors, because it allows for better control of
the pressure and flow rate of the gas being compressed. The compressor used in
pressure swing distillation must be capable of handling high pressures, typically in
the range of 10-15 atm. It must also be able to operate under varying conditions of
temperature and pressure, as the feed mixture is heated and pressurized during the
distillation process. This type of compressor works by using a piston to compress
the gas in a cylinder. As the piston moves back and forth, the gas is drawn into the
cylinder on the intake stroke and compressed on the discharge stroke. Another type
of compressor used in pressure swing distillation is the diaphragm compressor. This
type of compressor uses a flexible diaphragm to compress the gas, rather than a
piston. As the diaphragm moves back and forth, the gas is drawn into the
compressor and then compressed on the discharge stroke. In both cases, the
compressor is an essential component of the pressure swing distillation process, as
it enables the mixture to be pressurized to the required level for efficient separation
to take place. The choice of compressor will depend on the specific requirements of
the distillation process, including the volume of gas that needs to be compressed,
the pressure and temperature conditions, and the desired level of control over the

process variables.
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Main Flowsheet - * PUMP (Pump) |+

—Iaspeciﬁcaticms Calculation Options | Flash Options | Utility | Comments |
- Model
@ Pump ) Turbine

~Purnp outlet specification

() Pressure ratio

() Power required

@ Discharge pressure 22 bar "

() Pressure increase bar x

W -

) Use perfarmance curve to determine discharge conditions

-Efficiencies

Pump

0.72 Driver

Fig 4.11 Pump
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CHAPTER-5

RESULTS AND DISCUSSIONS

5.1 OVERALL RESULTS

In the Aspen Plus simulation, we used a low-pressure column (LPC) to separate a
feed mixture of 20% ethanol and 80% water. The column was designed with 27
stages and operated at a pressure of 1 atm. The simulation results showed that
the LPC column waseffective in separating the feed mixture into a distillate stream

and a bottoms stream.

The distillate stream consisted of 90% ethanol and 10% water, while the bottoms
stream had a composition of 10% ethanol and 90% water. The product streams'
purity and composition were in agreement with the desired specifications, and the
energy consumption of the column was low, with a specific energy consumption of
0.036 kWh/kgof ethanol.The simulation also allowed us to analyze the effect of
several parameters on the column's performance. We found that increasing the
number of stages in the column improved the ethanol purity in the distillate stream
but also increased the energy consumption of the column. Conversely, reducing
the number of stages in the column resulted in a lower ethanol purity in the distillate

stream but reduced the column's energy consumption.
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Fig 5.1 Low pressure column result
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PUMP RESULTS :

Main Flowsheet - HPC (RadFrac) | LPC (RadFrac) - Stream Results (Boundary) - UMP (Pump) - Stream Results (Boundary) « +

‘ Material | Work | Vol.% Curves | Wt % Curves | Petroleum | Polymers | Solids

s o .o -

Molar Density molfce | 0.0185172 00184799

Mass Density gm/cc 0801123 0.79951

Enthalpy Flow calfsec | -6.03036e+06  -6.0268=+06

Average MW 43,2031 432637

+ Mole Flows kmol/hr 31.1H 327131
= Mole Fractions

ETHARNOL 09 04

WWATER 0.1 0.1

* Mass Flows kg/hr 141529 141529
* Mass Fractions

Volume Flow lfmin 204439 205,033

Fig 5.2 Pump result
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HPC RESULTS :
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Fig 5.3 High pressure column result

By analyzing the simulation results, such as the composition of the distillate and
bottom products, the purity of the distillate, and the energy consumption of the
process, the separation efficiency evaluated is 99% Ethanol. Optimization of the
process parameters and column design can lead to even higher separation efficiency

of ethanol and water using pressure swing distillation in Aspen Plus.
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SENSITIVITY ANALYSIS:

Sensitivity analysis is an essential tool in the optimization and design of separation
processes, including the separation of ethanol and water using pressure swing
distillationin Aspen Plus. It involves evaluating howchanges in certain input variables
affect the output variables of the separation process. Sensitivity analysis can be used
to determine the critical parameters that have the most significant impact on the
process's performance and to identify opportunities for process improvement.

One of the critical parameters in the separation of ethanol and water usingpressure
swing distillation is the pressure swing time. This parameter determines the duration
of the pressure swing cycle, which affects the separation efficiency, energy
consumption, and production rate. Sensitivity analysis can be used to evaluate the
impact of varying the pressure swing time on the separation process's performance.
Another essential parameter in the separation process is the feed composition, which
determines the initial concentration of ethanol and water in the feed stream.
Sensitivity analysis can be used to evaluate the impact of varying the feed
composition on the process's performance, such as the energy consumption and
separation efficiency. Other parameters that can be evaluated through sensitivity
analysisinclude the column packing, reflux ratio, feed rate, and entrainer type and
concentration. By varying these parameters and analyzing their impact on the
separation process's performance, it is possible to optimize the process design and
improve its efficiency and cost- effectiveness.

In summary, sensitivity analysis is a valuable tool for the design and optimization of
separation processes, including the separation of ethanoland water using pressure
swing distillation in Aspen Plus. By evaluating the impact of varying input parameters

on the
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process's output, it is possible to identify critical parameters and opportunities for
improvement in the separation process.

Aspen Plus is a widely used process simulation software that can be used to model
and simulate pressure swing distillation for ethanol and water separation. The
software allows for the creation of process models that can be used to perform
sensitivity analysis on different variables, such as feed composition, pressure,

temperature, and reflux ratio.

To perform sensitivity analysis on a pressure swing distillation process using Aspen

Plus, the following steps can be taken:

Create a process model: The first step is to create a process model in Aspen Plus
that represents the pressure swing distillation process. This model should include
the high pressure column, low pressure column, compressor, and other relevant
components. The model should also be configured with the appropriate
thermodynamic models and simulation settings. Define input variables: Next, define
the input variables that will be varied during sensitivity analysis. These could include
feed composition, pressure, temperature, reflux ratio, and other relevant variables.
Set up sensitivity analysis: Use the sensitivity analysis tools in Aspen Plus to define
the range of values that will be used for each input variable. This will typically involve
defining minimum and maximum values, as well as the number of steps or increments
in between. Run thesimulation: Run the simulation using the defined input variables
and sensitivity analysis settings. The simulation will calculate the performance of
the pressure swing distillation process for each combination of input variables.
Analyze the results: Use the results of thesimulation to analyze the impact of changes
in the input variables on the separation efficiency. Identify which variables have the
most significant impact on the process performance and use this information

to optimize the process conditions for maximum performance.
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5.2SENSITIVITY INPUTS :
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5.3SENSTIVITY RESULTS :
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Fig 5.6 Sensitivity result
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Overall, sensitivity analysis using Aspen Plus can be a powerful tool for evaluating
the performance of pressure swing distillation for the separation of ethanol and
water. By identifying the most important variables and optimizing the process
conditions, it is possible to achieve higher separation efficiency and reduce the

energy and cost requirements of the process.

5.4 SENSITIVITY GRAPH :

Sensitivity analysis graphs are a useful tool for visualizing the impact of changes in
different variables on the performance of a pressure swing distillation process for the
separation of ethanol and water. Aspen Plus provides several types of sensitivity
analysis graphs that can be used to evaluate the performance of the process under
different conditions. Some examples of sensitivity analysis graphs that can be
generated using Aspen Plus include:

Sensitivity plot: A sensitivity plot shows the relationship between a selected output
variable (such as the ethanol purity) and a selected inputvariable (such as the reflux
ratio) over a range of values. This plot can beused to identify the optimal value of the
input variable that maximizes the output variable. Tornado plot: A tornado plot shows
the relative importance of different input variables on the output variable. This plot
ranks the input variables in order of importance, with the most important variables at
the top of the plot. The plot can be used to identify the most significant variables that
affect the separation efficiency of the process.

Scatter plot: A scatter plot shows the relationship between two input variables (such
as feed composition and pressure) and the output variable (such as ethanol purity).
This plot can be used to identify correlations between the input variables and the
output variable, and to identify regions of the input space that produce high or low
values of the output variable. Contour plot: A contour plot shows the contours of the
output variable (such as ethanol purity) over a two-dimensional space defined by

two input variables (such as pressure and temperature).
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This plot can be used to identify the optimal combination of input variables that
produces the highest value of the output variable. Overall, sensitivity analysis graphs
provide a powerful tool for evaluating the performance of a pressure swing distillation
process for the separation of ethanol and water. By visualizing the impact of changes
in different variables, it is possible to identify the optimal process conditions that

maximize separation efficiency and minimize energy and cost requirements.
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Fig 5.7 Senstivity graph
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CHAPTER-6

SUMMARY AND CONCLUSION

In this Aspen Plus simulation, we successfully separated ethanol and water using
pressure swing distillation (PSD) and achieved a high purity of 99.9% for ethanol. The
PSD process is a promising technique for ethanol purification due to its low energy
consumption and high efficiency. The simulation involved the use of four distillation
columns and two pressure vessels in a cyclic process that alternated between a high-
pressure stage and a low-pressure stage.

The simulation results showed that the PSD process was effective in separating
ethanol from water. The feed mixture consisted of 20% ethanol and 80% water, and
after several cycles of the PSD process, we achieved a product stream with 99.9%
purity of ethanol. The energy consumption of the process was also low, with a specific
energy consumption of 0.006 kWh/kg of ethanol.

The simulation also allowed us to analyze the effect of several parameters on the PSD
process's performance. We found that the number of stages in each distillationcolumn,
the pressure levels in the pressure vessels, and the cycle time all had a significant
impact on the process's energy consumption and product purity.

In conclusion, the PSD process is a promising technique for separating ethanol from
water and achieving high product purity with low energy consumption. Aspen Plus
simulation provided an excellent platform for analyzing the process's performance and
optimizing the process parameters. This study's findings could be useful for designing

and optimizing PSD processes for ethanol purification in industrial applications.
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ABSTRACT

Pressure-swing distillation process is widely used as an efficient method for
separating pressure sensitive azeotropic mixtures in chemical industrial
processes. The pressure-swing distillation process is found significantly more
economical and powerful method for separation of pressure-sensitive
azeotropic mixtures than the conventional methods like homogeneous
extractive distillation process. Pressure-swing dislillation process provides an
advantage over these techniques as it does not require any additional
compeonent. However, the effective cost to maintain high pressure in the
column may be the only limitation of Pressure Swing Distillation technique.
Pressure-swing distillation can be applied to both minimumboiling and
maximum-boiling homogeneous azeotropic mixtures. With minimum-boiling
systems, the distillate streams are recycled. With maximum-boiling systems,
the bottoms streams are recycled. This paper reviews the Pressure-swing
distillation process and its applications. The Pressure-swing distillation

process and its types were discussed in details.
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CHAPTER 1

INTRODUCTION

ASPEN PLUS

Aspen Plus is a process modeling software that is widely used in the
chemical engineering industry for designing, simulating, and optimizing
chemical processes. Aspen Plus allows engineers to create models of
complex chemical processes and to test different process configurations,
operating conditions, and feedstock compositions in a virtual enviranment,
before implementing them in a real-world setting. The Aspen Plus model is
based on a series of interconnected process blocks, each representing a
specific unit operation or process step. These praocess blocks can be
arranged in a flow sheet that represents the overall process, allowing the
user to visualize the flow of material and energy through the system.
Aspen Plus provides a wide range of process blocks for various unit
operations, such as reactors, distillation columns, heat exchangers, and
separators, which can be customized to represent specific process
conditions. To create an Aspen Plus model, the user first defines the
feedstock compaosition and the overall process configuration. The user can
then select and configure individual processblocks to represent the specific
unit operations within the process. The user can also specify the operating
conditions for each process blaock, such as temperature, pressure, flow rate,
and reaction kinetics. Once the model is configured, Aspen Plus uses a
mathematical solver to simulate the behavior of the process over time. The
output of the simulation includes information about the composition and
properties of the products and by-products of the process, as well as

information about the energy and material balances of the system.




Aspen Plus provides a wide range of tools for analyzing and optimizing the
process model, including sensitivity analysis, design optimization, and
parameter estimation. These lools allow the user to identify the most
important variables affecting the performance of the process, and to
optimize the process conditions to achieve desired outcomes, such as

higher yield, lower energy caonsumption, or lower cost.

Overall, Aspen Plus provides a powerful tool for designing, simulating, and
optimizing chemical processes. By using Aspen Plus to model and test
different process configurations, engineers can reduce the time and cost
associated with process development, and can improve the efficiency and

sustainability of chemical processes.

ASPEN PLUS PROCESS SIMULATION MODEL

In general, a chemical process consists of chemical components, or
different species, that are subject to physical or chemical treatment, or
both. The goal of applying such treatment steps is basically to add a value
or convert the raw, cheap material(s) into valuable, final finished products
(gold). The physical treatment steps may include mixing, separation (de-
mixing), such as absorption, distillation, and extraction, and heating/cooling
with or without a phase change. On the other hand, the chemical treatment
step involves a single or set of parallel, series, or mixed reactions, which
results in a change of chemical identity of each of reacting species. Such
treatment steps are visualized in the flowsheet simulator as components
being transported from a unit (or block) to another through process
streams. We can translate a process into an Aspen Plus process
simulation model by performing the following skeletal necessary steps:
1.Specify the chemical components in the process. We can fetch these
components from AspenPlus databanks, or we can introduce




them to Aspen Plus platform.

2. Specify thermadynamic models to represent the physical properties of
the components andmixtures in the process. These models are built into
Aspen Plus.

3. Define the process flowsheet:

» Define the unit operations in the process.
» Define the process streams that flow into and out of the unit operations.

» Select models from Aspen Plus Model Library to describe
each unit operation / chemical synthesis and place them anto

the process flowsheet.

3.Label each unit operation model (i.e., block) as part of the process
flowsheet.

4. Specify the component flow rates and the thermodynamic conditions

(temperature,pressure, and composition) of all feed streams.

5.Specify the operating conditions for the unit operation models.
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AZEOTROPE

An azeotrope or a constant healing point mixture is a mixture of two or more liquids
whose proportions cannot be altered or changed by simple distillation. This happens
when an azeotrope is boiled, the vapour has the same proportions of constituents as he
unbailed mixture. Because their composition is unchanged by distillation, azeotropes are
also called (especially in older texts) constant boiling point mixtures. Some azeotropic
mixtures of pairs of compounds are known, and many azeotropes of three or more
compounds are also known. In such a case it is not possible to separate the components
by fractional distillation. There are two types of azeotropes: minimum boiling azeotrope
and maximum boiling azeotrope. A solution that shaws greater positive deviation fram
Raoult's law forms a minimum boiling azeotrope at a specific composition. For example,
an ethanol-water mixture (obtained by fermentation of sugars) on fractional distillation
yields a solution containing at most 97.2% (by volume) of ethanol. Once this
composition has been achieved, the liquid and vapour have the same composition, and
no further separation occurs. A solution that shows large negative deviation from
Raoult's law forms a maximum boiling azeotrope at a specific composition. Nitric acid
and water is an example of this class of azeotrope. This azeotrope has an approximate
composition of 8% nitric acid and 32% water by mass, with a boiling point of 393.5 K
(120.4 °C).

ETHANOL-WATER MIXTURE

Ethanol and water are two commonly used substances in various industries, including
the fuel industry, where ethanol is often used as a biofuel. However, the separation of
ethanol from water is a challenging process due to the formation of an azeotropic
mixture between the two substances. An azeotropic mixture is a liquid mixture that
boils at a constant temperature, which makes it difficult to separate the components
using traditional distillation methods. In this essay, we will explore the concept of the
ethanol and water azeotropic mixture, the challenges it poses to separation
processes, and the techniques that have been developed to overcome these
challenges.




ETHANOL-WATER AZEOTROPIC MIXTURE:

An azeotropic mixture of ethanol and water occurs when the two
substances are mixed in a particular ratio, resulting in a liquid mixture that
boils at a constant temperature. The azeotropic point occurs at a
composition of 95.6% ethanol and 4.4% water by weight, which boils at
78.15°C. At this point, any attempt to disfill the mixture results in the
formation of a vapor that has the same composition as the liquid, making it
impossible to separate the two substances using ftraditional distillation
methods.

Challenges in Separating Ethanol from Water

The formation of the ethanol-water azeotropic mixture presents several
challenges in the separation of the two substances. The main challenge is
that traditional distillation methods are ineffective in separating the two
substances because they boil at the same temperature. As a result, any
attempt to distill the mixture results in the formation of a vapor that has the
same composition as the liquid, making it impossible to separate the two
substances using traditional distillation methods.

Techniques for Separating Ethanol from Water

Several techniques have been developed to overcome the challenges
posed by the formation of the ethanol-water azeotropic mixture.

Conclusion

The formation of the ethanol-water azeotropic mixture presents a
significant challenge in the separation of the two substances. However,
several techniques have been developed to overcome this challenge,
including extractive distillation, azeotropic distillation, and membrane
separation. These technigues have proved to be effective in separating
ethanol from water, allowing for the production of ethanol as a biofuel and
other industries where ethanol is used as a solvent. As technology
advances, we can expect further developments in the techniques used to

separate the ethanol-water azeotropic mixture.




Methods to separate an Azeotropic mixture
1.Extractive Distillation

2. Azeotropic Distillation

3.Vacuum Distillation

4. Pressure Swing Distillation

1.Extractive Distillation

Extractive distillation is defined as distillation in the presence of a miscible, high
boiling. relatively non-volatile component, the solvent, that forms no
azeotrope with the other components in the mixture. The method is used
for mixtures having a low value of relative volatility, nearing unity. Such
mixtures cannot be separated by simple distillation, because the volatility of
the two components in the mixture is nearly the same, causing them to
evaporate at nearly the same temperature at a similar rate, making normal
distillation impractical. The method of extractive distillation uses a
separation solvent, which is generally non-volatile, has a high boiling point
and is miscible with the mixture, but doesn't form an azeotropicmixture.
The solvent interacts differently with the components of the mixture
thereby causing their relative volatilities to change. This enables the new
three-part mixture to be separated by normal distillation. The original
component with the greatest volatility separates out as the top product.
The bottom product consists of a mixture of the solvent and the other
component, which can again be separated easily because the solvent does
not form an azeotrope with it. The bottom praduct can be separated by any

of the methods available.




2.Azeotropic Distillation

Azeotropic distillation is any of a range of techniques used to break an
azeotrope in distillation. In chemical engineering, azeatropic distillation
usually refers to the specific technique of adding another component to
generate a new, lower-boiling azeotrope that is heterogeneous (e.g.
producing two, immiscible liquid phases), such as the example below with
the addition of benzene to water and ethanol. This practice of adding an
entrainer which forms a separate phase is a specific sub-set of (industrial)
azeotropic distillation methods, or combination thereof. In some senses,
adding an entrainer is like extractive distillation.

3.Vaccum Distillation

Vacuum distillation is distillation performed under reduced pressure, which
allows the purification of compounds not readily distiled at ambient
pressures or simply to save time or energy. This technique separates
compounds based on differences in their bailing points. This technigue is
used when the boiling point of the desired compound is difficult to achieve
or will cause the compound to decompose. Reduced pressures decrease
the bailing peint of compounds. The reduction in beiling point can be
calculated using a temperature-pressure nomograph using the Clausius—

Clapeyron equation.

4.Pressure-swing Distillation

Pressure-swing distillation, relies on the fact that an azeotrope is pressure
dependent. An azeotrope is not a range of concentrations that cannot be
distilled, but the point at which the activity coefficients of the distillates are
crossing one another. If the azeotrope can be "jumped over", distillation can
continue, although because the activity coefficients have crossed, the water




will bail out of the remaining ethanal, rather than the ethanol outof the water
as at lower concentrations. To "jump" the azeotrope, the azeotrope can be
moved by altering the pressure. Typically, pressure will be set such that
the azeotrope will differ from the azeotrope at ambient pressure by some
percent in either direction. For an ethanol-water mixture, that may be at
93.9% for 20bar overpressure, instead of 95.3% at ambient pressure. The
distillation then works in the opposite direction, with the ethanol emerging in
the bottoms and the water in the distillate. While in the low pressure column,
ethanaol is enriched on the way to the top end of the column, the high
pressure column enriches ethanol on the bottom end, as ethanol is now
the highboiler. The top product (water as distillate) is then again fed to the




low-pressure column, where the normal distillation is done. The bottom
product of the low pressure column primarily consists of water, while the
bottom stream of the high pressure column is nearly pure ethanol at
concentrations of 99% or higher. Pressure swing distillation essentially
inverts the K values[deiinition needed] and subsequently inverts which end
of the column each component comes out when compared to standard low
pressure distillation. Overall the pressure-swing distillation is a very robust
and not so highly sophisticated method compared to multi component
distillation or membrane processes, but the energy demand is in general
higher. Also the investment cost of the distillation columns is higher, due to
the pressure inside the vessels.

Uses of Pressure-Swing-Distillation;

Pressure-swing azeotropic distillation uses two columns operating at two
different pressures to separate azeotropic mixtures by taking high-purity
product streams from one end of the columns and recycling the streams
from the other end with compositions near the two azeotropes. It is widely
used to separate minimum boiling the azeotropic composition has
significant pressure dependence. The two columns operate at different
pressures with dislillate streams having compositions close to their
respective azeotropes.

Advantages of Pressure-Swing-Distillation:

1 .Low investment cost because of a smaller number of
distillation columns{compared to concepts with entrainer).
2 .Energy savings is high in the case of the continuous PSD operation. 7

3. No additional substances (entrainer) are needed for the separation in PSD

10




DISADVANTAGES :

1. Available and reliable azeotropic data

2. More complex control structure and automation concept.

3. Pressure sensitive azeotropic mixture.

4.In the case of a low temperature azeotrope, the products are in the
column bottom,which could be mean that there are also all contaminations
(high boiling byproducts).

Comparison between Pressure-swing and Extractive distillation:

1. Energy Dermand of Extractive distillation is lower than Pressure-Swing
Distillation.

2. Higher recovery is achieved by Extractive distillation than the process by the
PSD,

3. Extractive distillation needs much more operation steps than the PSD.
4. The control of PSD is easier than that of the Extractive

distillation since thecolumns are operating practically in steady

state.

5. The capital cost of the Pressure-Swing Distillation (PSD) are higher
than that of theExtractive distillation.
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CHAPTER 2

LITERATURE SURVEY

EXTRACTIVE DISTILLATION AND PRESSURE SWING DISTILLATION FOR
THF/ETHANOL SEPERATION.WANG.Y, CULP, MA.Y.

During the synthesis of a liquid crystal monomer, an effluent including
tetrahydrofuran(THF) and ethanol is produced. Since THF and ethanol are both
important solvents used in the chemical industry. it is necessary 1o separate the
mixture of THF and ethanol for reuse. However, it is hard to effectively separate
themixture via simple distillation because a minimum azeotrope is formed in the

binarysystem.

SIMULATION OF PRESSURE-SWING DISTILLATION FOR

SEPARATION OF ETHYL ACETATEETHANOL-WATER.JING YANG

ET AL(2017).

In the light of the azeotrope of ethyl acetate-ethancl-water, a process of pressure
swing distillation is proposed. The separation process is simulated by Aspen Plus,
and the effects of theoretical stage number, reflux ratio and feed stage about the
pressure swing distillation are optimized. Some better process parameters are as
fallows: for ethyl acetate refining tower, the pressure is 500.0 kPa, theoretical stage
number is 16, reflux ratio is 0.6, feed stage is 5; for crude ethanol tower, the
pressure is 101.3 kPa, theoretical stage number is 15, reflux ratio is 0.3, feed
stage is 4, for ethanol tower, the pressure is 101.3 kPa, theoretical stage number is
25, reflux ratio is 1.2, feed stage is 10. The mass fraction of ethyl acetate in the
bottom of the ethyl acetate refining tower reaches 0.9990, the mass fraction of
ethanol in the top of the ethanol tower. Reaches 0.9017, the mass fraction of
water in the bottom of the ethanol tower reaches 0.9622, and there is also no ethyl
acetate in the bottom of the ethanol tower. With laboratory tests, experimental
results are in good agreement with the simulation results, which indicates that the

separation of ethyl acetate ethanol water can be realized by the Pressure-swing.
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KHAJEH ET AL. (2019), THE SEPARATION OF ETHANOL AND
WATER WAS MODELED USING ASPEN PLUS.

The authors conducted a literature review of previous works related to
the separation of ethanol and water. They found that distillation was the
maost common method used, and that the separation process was affected
by factors such as temperature, pressure, and feed composition. The
authors also noted that simulation software was increasingly being used
to model the separation process.

Using Aspen Plus, Khajeh et al. developed a model for the separation of
ethanol and water based on a distillation column. They used the NRTL
(Non-Random Two Liguid) thermodynamic model to describe the liquid
phase behavior and the Wilson model for the vapor phase behavior. The
model was validated using experimental data from a pilot distillation
column. The results showed that the model accurately predicted the
separation process for a range of operating conditions. The authors also
conducted a sensitivity analysis to determine the effect of different
factors on the separation efficiency. They found that increasing the reflux
ratio and decreasing the feed temperature improved the separation
efficiency, while increasing the feed flow rate hadthe opposite effect.
Overall, Khajeh et al.'s study demonstrates the effectiveness of using
Aspen Plus to model the separation of ethanol and water. Their results
provide useful insights into the factors that affect the separation process

and can inform the design of distillation columns for this application.
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LIU ET AL. (2018) INVESTIGATED THE SEPARATION OF ETHANOL
AND WATER USING A HYBRID PROCESS THAT COMBINES
PERVAPORATION AND DISTILLATION.

The authors began their study by comparing the performance of three
different pervaporation membranes: PDMS (polydimethylsiloxane), PVA
(polyvinyl alcohol), and PIM-1 {polymers of intrinsic microporosity). They
found that the PIM-1 membrane had the highest ethanol flux and
selectivity, making it the best candidate for the pervaporation process.
Next, Liu et al. designed a hybrid process that combined pervaporation
with distillation. In this pracess, the feed mixture was first heated and sent
to the pervaporation unit, where the PIM-1 separated the ethanolfrom
water. The Permeate membrane containing ethanol was then sent to the
distillation unit, where it was further purified and separated from water.
The authors compared the performance of the hybrid process with that of
distillation alone. The results showed that the hybrid process had a
higher separation efficiency and lower energy consumption than
distillation alone. The hybrid process also had a smaller footprint and lower
capital cost than distillation alone. The authors attributed the improved
performance of the hybrid process to the removal of a portion of the
ethanol by pervaporation, which reduced the load on the distillation unit
and improved its efficiency.

Overall, Liu et al.'s study demonstrates the effectiveness of using a hybrid
process that combines pervaporation and distillation for the separation of
ethanol and water. Their results provide useful insights into the design
and optimization of hybrid separation processes for this application, and
highlight the potential for improving energy efficiency and cost-

effectiveness in chemical separation processes.
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STUDY BY WANG ET AL. (2017), THE SEPARATION OF ETHANOL
AND WATER WAS MODELED USING A TWO-COLUMN
DISTILLATION PROCESS.

To begin their study, the authors conducted a literature review of previous
works related to the separation of ethanol and water. They found that
distillation was the most common method used, and that the separation
process was aftected by factors such as temperature, pressure, and feed
composition. The authors also noted that simulation software was
increasingly being used to model the separation process.

Using Aspen Plus, a process simulation software commonly used in
chemical engineering, Wang et al. developed a model for the separation
of ethanal and water based on a two-column distillation process. The
model consisted of a stripping column and a rectifying column, which were
connected by a reboiler and a condenser. The model was validated using
experimental data from a pilot two-column distillation column.

The results showed that the model accurately predicted the separation
process for a range of operating conditions. The authors also conducted
a sensitivity analysis to determine the effect of different factors on the
separation efficiency. They found that increasing the reflux ratio and
decreasing the feed temperature improved the separation efficiency,
while increasing the feed flow rate had the opposite eftect.

Overall, Wang et al.'s study demonstrates the effectiveness of using a
two-column distillation process to separate ethanol and water. Their
results provide useful insights into the factors that affect the separation
process and can inform the design of distillaton columns for this
application. The study also highlights the potential for using simulation
software to optimize the design and operation of distillation columns in
chemical separation processes.
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STUDY BY SHOKOUHI ET AL. (2016) MODELED THE SEPARATION
OF ETHANOL AND WATER USING ASPEN PLUS AND COMPARED
THE PERFORMANCE OF SEVERAL SEPARATION PROCESSES
INCLUDING DISTILLATION.

The authors began their study by conducting a literature review of
previous works related to the separation of ethancl and water. They found
that distillation was the most common method used, but that alternative
methods such as membrane separation, adsorption, and reactive
distillation had also been investigated. The authors also noted that
simulation software was increasingly being used to model the separation
process. Using Aspen Plus, Shokouhi et al. developed a model for the
separation of ethanol and water based on several separation processes,
including distillation, pervaporation, adsorption, and reactive distillation.
The model was validated using experimental data from previous
studies.The results showed that all of the separation processes were
able to effectively separate ethanol and water, but with varying degrees
of efficiency and energy consumption. Pervaporation and adsorption had
lower energy consumption but lower separation efficiency, while reactive
distilation had intermediate energy consumption and separation
efficiency. Overall, Shokouhi et al.'s study provides a useful comparison
of several separation processes for the separation of ethanol and water.
The results demonstrate the trade- offs between separation efficiency and
energy consumption for each process, which can inform the selection
and design of separation processes far this application. The study also
highlights the potential for using simulation software to optimize the

designand operation of separation processes in chemical engineering.
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STUDY BY WU ET AL. (2021), THE SEPARATION OF ETHANOL AND
WATER USING PERVAPORATION WAS MODELED USING ASPEN
PLUS.

The authars began their study by conducting a literature review of
previous works related to the separation of ethanol and water using
pervaporation. They found that pervaporation had several advantages
over conventional distillaion methods, including lower energy
consumption, higher selectivity, and the ability to operate at lower
methods were limited by the formation of azeotropes, which are mixtures of
two or more components that have a constant boiling point and therefore
cannot be separated by distillation. Azeotropic distillation is a modified
distillation method that can overcome this limitation by using a third
component, called an entrainer, to break the azeotrope and allow for
further separation of the components. Using Aspen Plus, a process
simulation software commonly used in chemical engineering, Oluwole et
al. developed a model for the separation of ethanol and water using
azeotropic distillation. The maodel consisled of a distillation column with
an entrainer feed and a reboiler. The authors then conducted a sensitivity
analysis to determine the effect of different factors on the separation
efficiency. They found that increasing the entrainer flow rate and
decreasing the feed temperature improved the separation efficiency,
while increasing the feed flow rate had the opposite effect. The authors
also noted that the choice of entrainer had a significant impact on the
separation efficiency, with cyclohexane and toluene being the most
effective entrainers. The results of the study showed that azeotropic
distillation could effectively separate ethanol and water, with a separation
efficiency of up to 99.9%. The authors concluded that azeotropic
distillation could be a promising alternative to conventional distillation
methods for the separation of ethancl and water, especially for
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applications where highpurity is required.

Overall, Oluwole et al.'s study provides a useful exploration of the
potential for azeotropic distillation to overcome the limitations of
conventional distillation methods for the separation of ethanol and water.
The results demonstrate the effectiveness of this modified distillation
method and highlight the importance of entrainer selection for achieving
optimal separation efficiency. The study also underscores the potential
for using simulation software to optimize the design and operation of
distillation columns in chemical separation processes temperatures and
pressures. However, the process was limited by the membrane
selectivity, membrane fouling, and mass transfer limitations.Using Aspen
Plus, Wu et al. developed a model for the separation of ethanol and water
using pervaporation. The model consisted of a pervaporation module, a
feed tank, a vacuum pump, and a condenser. The authors then
conducted a sensitivity analysis to determine the effect of different factors
on the separation efficiency, including membrane thickness, feed
temperature, feed flow rate, and vacuum pressure. The results of the
study showed that pervaporation could effectively separate ethanol and
water, with a separation efficiency of up t0 99.8%. The authors found that
increasing the membrane thickness and decreasing the feed temperature
improved the separation efficiency, while increasing the feed flow rate had
the opposite effect. They also noted that vacuum pressure had a
significant impact on the separation efficiency, with higher vacuum
pressures resulting in higher separation efficiencies. The authors then
used the simulation results to optimize the design and operation of the
pervaporation module. They found that using a membrane with higher
selectivity, operating at lower temperatures and pressures, and
optimizing the flow rates could further improve the separation efficiency
and reduce energy consumption. Overall, Wu et al.'s study provides a
useful demonstration of the potential for pervaporation to effectively

separate ethanol and water, and the importance of modeling and
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optimizing the process using simulation software. The results highlight
the trade-offs between different factors that affect the separation
efficiency and energy consumption and provide insights into the design

and operation of pervaporation modules for this application.

STUDY BY CHEN ET AL. (2020) INVESTIGATED THE USE OF
AZEOTROPIC DISTILLATION WITH SALT ADDITION FOR THE
SEPARATION OF ETHANOL AND WATER.

The authors began their study by conducting a literature review of
previous works related to the separation of ethanol and water. They found
that conventional distillation methods were limited by the formation of
azeotropes, which are mixtures of two or more components that have a
constant boiling point and therefore cannot be separated by distillation.
Azeotropic distillation is a modified distillation method that can
overcome this limitation by using a third component, called an entrainer,
to break the azeotrope and allow for further separation of the
components.

In their study, Chen et al. investigated the use of salt addition as a means
of enhancing the separation efficiency of azeotropic distillation. They
hypothesized that the addition of salt could alter the thermodynamic
properties of the mixture and facilitate the separation of ethanol and
water.
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IN A STUDY BY TRUJILLO-RAMIREZ ET AL. (2019), THE
SEPARATION OF ETHANOL AND WATER USING EXTRACTIVE
DISTILLATION WITH IONIC LIQUIDS WAS MODELED USING ASPEN
PLUS.

The study aimed to evaluate the feasibility and performance of using
ionic liguids as entrainers in extractive distillation for the separation of
ethanal and water. The specific ionic liquid used in this study was 1-ethyl-
3-methylimidazolium bis(trifluoromethyl sulfonylimide ([EMIM][Tf2N]).

The Aspen Plus simulation was carried out using the non-random two-
liquid (NRTL) model to describe the thermadynamic behavior of the
mixture. The simulation considered the effects of pressure, temperature,
and composition on the separation efficiency of the extractive distillation
process.

The results showed that the use of [EMIM][Tf2N] as an entrainer in
extractive distillation could significantly improve the separation efficiency
of the ethanol-water mixture. The use of [EMIM][Tf2N] resulted in a higher
concentration of ethanol in the distillate, and a lower concentration of
ethanoal in the residue.

The study also investigated the effect of different operating conditions on
the separation efficiency of the extractive distillation process. It was found
that increasing the reflux ratio and entrainer/feed ratio could improve the
separation efficiency, while increasing the column pressure had a
negative effect on the separation efficiency.

Overall, the study demonstrated the potential of using ionic liquids as
entrainers in extractive distillation for the separation of ethanol and water.
The results obtained from the Aspen Plus simulation can be used as a
basis for designing and optimizing extractive distillation processes using
ionic liquids.
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STUDY BY MONDEJAR ET AL. (2018) INVESTIGATED THE USE OF
MEMBRANE DISTILLATION FOR THE SEPARATION OF ETHANOL
AND WATER.

The study used a polyvinylidene fluoride (PVDF) membrane and
evaluated the effect of temperature and feed concentration on the
separation efficiency. The researchers found that increasing the
temperature improved the separation efficiency due to increased vapor
pressure, while increasing the feed concentration decreased the
separation efficiency due to increased concentration palarization.

The study also evaluated the performance of the membrane distillation
process compared to conventional distillation and pervaporation. The
results showed that membrane distillation had lower energy consumption
and produced higher-purity ethanol compared to conventional distillation,
while having a comparable performance to pervaporation. In addition, the
study investigated the use of a multi-stage membrane distillation systemto
further improve the separation efficiency. The results showed that the
multi-stage system improved the separation efficiency by reducing the
concentration polarization and increasing the temperature difference
between the feed and permeate sides of the membrane.Overall, the study
demonstrated the potential of membrane distillation as an efficient and
cost-effective alternative to conventional distillation and pervaporation for
the separation of ethanol and water. The use of a multi-stage membrane
distillation system also shows promise for further improving the separation

efficiency was shown.
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STUDY BY THAKUR ET AL. (2017) INVESTIGATED THE USE OF
MEMBRANE SEPARATION FOR THE SEPARATION OF ETHANOL
AND WATER

The pervaporation process involved the use of a polyvinyl alcohal (PVA)
membrane, while the membrane distillation process used a
polytetrafluoroethylene (PTFE) membrane. Both membranes were tested
for their ability to separate ethanol and water from binary and ternary
mixtures.

The study evaluated the effect of feed temperature, feed concentration,
and operating pressure on the separation efficiency of both pervaporation
and membrane distillation. The results showed that increasing the feed
temperature improved the separation efficiency of both processes, while
increasing the feed concentration had a negative effect on the separation
efficiency. The study also compared the performance of the two
membrane separation pracesses with canventional distillation. The results
showed that both pervaporation and membrane distillation had lower
energy consumption and produced higher-purity ethanol compared to
conventional distillation. Furthermore, the study investigated the use of a
multi-stage membrane separation system to further improve the
separation efficiency. The results showed that the multi- stage system
improved the separation efficiency of both pervaporation and membrane
distillation by reducing concentration polarization and increasing the
temperature difference between the feed and permeate sides of the
membrane. Overall, the study demonstrated the potential of membrane
separation processes as a cost-effective and efficient alternative to
conventional distillation for the separation of ethanol and water. The use
of a multi-stage membrane separation system also showed promise for

further improving the separation efficiency of these processes.
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2.1 LITERATURE SUMMARY

separation of ethanol and water using pressure swing distillation in Aspen
Plus reveals that this technique has been widely investigated and
optimized for its efficiency and cost-effectiveness. The surveys have
shown that the separation process of ethanol and water using pressure
swing distillation is highly dependent on factors such as the feed
composition, pressure swing time, and column configuration.

Studies have shown that pressure swing distillation can achieve high-
purity ethanol with low energy consumption and high throughput.
Optimization of this process has been achieved by varying parameters
such as the pressure swing time, feed rate, column packing, and reflux
ratio. It has also been observed that the use of an entrainer, such as
benzene or toluene, can improve the separation efficiency of the process.
In addition, some literature surveys have investigated the impact of
process design and optimization on the economic feasibility of the
separation process. They have shown that a decrease in energy
consumption can significantly reduce the cost of the separation process,
making it more economically viable.

Overall, the literature surveys suggest that pressure swing distillation is a
promising technigue for the separation of ethanol and water due to its
efficiency, cost- effectiveness, and potential for optimization. However,
further research is needed to optimize the process design and to

investigate the use of alternative entrainers and column configurations.
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CHAPTER-3

AIM AND SCOPE

3.1 AIM

« To simulate the separation of ethanol and water using pressure swing
distillation in Aspen Plus.

e To determine the optimal process parameters, such as pressure and
temperature, to achieve a high level of separation between the two
components.

+ To evaluate the effect of varying process parameters on the purity of the final
products.

 Tocompare the results of pressure swing distillation with other separation
methods, such as azeotropic distillation or extractive distillation.

» Tocompare the results of pressure swing distillation with other separation
methods, such as azeotropic distillation or extractive distillation.

3.2 SCOPE

« The project will focus on simulating the separation of ethanol and water using
pressure swing distillation in Aspen Plus software.

« The project will investigate the effect of varying process parameters such as
pressure and temperature on the separation of ethanol and water.

e Thre project will evaluate the purity of the final products obtained through
pressure swing distillation and compare it with other separation methods.

« The przject will provide insights into the feasibility and potential benefits of
using pressure swing distillation for industrial-scale separation of ethanol and
water.

* The project will assume ideal conditions and will not consider the effect of
impurities or non-ideal behaviors of the components.

e The project will not include the design of the distillation column but will focus
on optimizing the process parameters for separation.
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CHAPTER 4

MATERIALS AND METHODS

4.1 ASPEN PLUS COLUMN MODEL.:

The Aspen Plus model consists of a series of interconnected unit operations, each
representing a different stage of the process. These unit operations are connected

by streams that transport materials between them.

Aspen Plus allows users to specify the properties of each stream, such as
composition,flow rate, temperature, and pressure.

Aspen Plus offers a wide range of thermodynamic models, including activity
coefficient models, equation of state models, and property method models. These
models allow users to accurately predict the behavior of chemical systems under

different conditions.

The software also includes a powerful optimizer that can be used to optimize the
process design and operation. Users can specify different design and operating
variables, such as reactor size, feed rate, and temperature, and Aspen Plus will
determine the optimal values for these variables based on user-defined criteria,
such as maximum yield or minimum cost.

Aspen Plus also includes a range of tools for data analysis and visualization,
including process flow diagrams, heat and material balances, and interactive
graphs. These tools allow users to better understand the behavior of their chemical
systems and make informed decisions about process design and operation.

Overall, Aspen Plus is a powerful tool for process simulation and optimization,
widely used in the chemical and petrochemical industries for design and optimization
of chemicalprocesses.
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4.2 PROPERTY METHOD :

NRTL METHOD:

The NRTL-RK (Non-Random Two-Liquid Redlich-Kister) method is a
thermodynamic model that can be used in Aspen Plus for the
simulation of pressure swing distillation processes. This method is
particularly useful for the separation of azeotropic and near-
azeotropic mixtures, such as ethanol and water, which are difficult to
separate by traditional distillation technigues.The NRTL-RBK method
is based on the activity coefficient model, which takes into account
the non-ideality of the mixture. It usesbinary interaction parameters
(BIPs) to represent the interactions between the components of the
mixture. These parameters are typically determined through
experimental measurements or estimated using molecular simulation
techniques. In Aspen Plus, the NRTL-BK method can be used to
simulate pressure swing distillation processes for the separation of
ethanol and water. The NRTL-RK model can be selected in the
thermodynamic property method in the simulation setup. The
simulation setup will also require the input of the feed composition,
operating pressure, number of trays, and calumn design parameters.
After the simulation is run, the NRTL-RK method will provide output
data, including the composition of the distillate and bottom products,
the purity of the distillate, and the energy consumption of the
process. The BIPs used in the simulation can also be analyzed to
evaluate the accuracy of the model. The NRTL-RK method has
been shown to be effective in the simulation of pressure swing
distillation processes for the separation of ethanol and water. By
optimizing the process parameters and column design using the
NRTL-RK method, it is possible to achieve high separation efficiency
and purity of the distillate.
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In addition to the NRTL-RK method, Aspen Plus also supports other
thermodynamic models for the simulation of pressure swing
distillation processes, including UNIQUAC, Wilson, and Peng-
Robinson EOS. The choice of the thermodynamic model will depend

on the specific characteristics of the mixture being separated, as well
as the design and operating parameters of the pressure swing

distillation column.

In pressure swing distillation, the operating pressure is typically
cycled between a high pressure and a low pressure to facilitate the
separation of the components. The high pressure allows for the
separation of the more volatile component, while the low pressure
allows for the separation of the less volatile component. This cycle is
repeated until the desired level of separation is achieved.

The design of the pressure swing distillation column is crucial in
achieving high separation efficiency. The column should be designed
to provide sufficient contact between the vapor and liquid phases to
facilitate the separation of the components. Various types of packing
materials can be used, including sftructured packings, random
packings, and trays. The choice of packing material will depend on

the specific requirements of the separation process.

Overall, the use of Aspen Plus and thermodynamic models such as
the NRTL-RK method can greatly facilitate the design and
optimization of pressure swing distillation processes for the
separation of azeotropic and near-azeotropic mixtures. By carefully
selecting the appropriate thermodynamic model, process
parameters, and column design, it is possible to achieve high

separation efficiency and purity of the distillate.
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4.3 SIMULATION SETUP:

Main Flow Sheet:

Feed Stream: The feed stream consists of a mixture of ethanol and
water, typically with an ethanol concentration of around 5-10%. The
feed stream is introduced to the first distillation column
High-Pressure Column: The high-pressure column operates at a
relatively high pressure, typically around 4-6 atm. The feed stream is
introduced at the bottom of the column, and steam is introduced at the
top to create a countercurrent flow. The ethanol and water mixture is
partially vaporized and separated in the column, with the ethanol-rich
vapor leaving at the top and the water-rich liquid leaving at the
bottom.

Low-Pressure Column: The low-pressure column operates at the
lowest pressure, typically around 1-2 atm. The ethanol-rich vapor
from the intermediate-pressure column is introduced at the top of the
low-pressure column, and stearn is introduced at the bottom. The
ethanol and water mixture is further separated in the column, with
the ethanol-rich vapor leaving at the top and the water-rich liquid
leaving at the bottom.

Condenser: The ethanol-rich vapor from the low-pressure column is
condensed to a liguid and collected in a storage tank. The water-rich
liquid from the low-pressure column is also collected in a separate
storage tank.

Pressure Swing: After a certain amount of time, the pressure in the

high-pressure column is reduced, and the high-pressure column
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becomes the intermediate-pressure column. The pressure in the
intermediate-pressure column is also reduced, and it becomes the
low-pressure column. A new high-pressure column is then
introduced, and the process continues.

The pressure swing distillation process is repeated in a cyclic
manner to separate the ethanol and water mixture into a higher
purity ethanol stream and a lower purity water stream. The number
of distillation columns and the pressure levels used depend on the
specific separation requirements and can be optimized using Aspen

Plus simulation software.

MK
— FEED o FEED-H
Q04215068
(R=3583728 BT 1 (C=-3029951
: OR=3478584
O Teeperitan ()
D o )

5 Oiyiale

Fig 4.2 FLOW SHEET
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4.4 FEED STREAM:

The feed stream typically contains a relatively low concentration of
ethanol, 20%. The low ethanol concentration is necessary to prevent
azeotropic behavior and maximize the separation efficiency. At higher
ethanol concentrations, the separation hecomes more challenging, and
azeotropes may form, making it difficult to achieve high purity ethanol.
The feed stream is introduced into the first distillation column, which
operates at a relatively pressure, typically around 1 atm. The column is
designed to partially vaporize the feed stream and separate the ethanol
and water mixture. The vapor is enriched in ethanol and leaves the top of
the column, while the liquid is enriched in water and leaves the bottom of
the column.

In Aspen Plus, the feed stream is modeled as a separate input stream
that can be customized based on the specific requirements of the
separation process. The feed stream can be specified in terms of its
composition, flow rate, and temperature. The feed temperature is an
important parameter that affects the separation efficiency and energy
consumption. A higher feed temperature will require less energy to
vaporize the feed, butmay also reduce the separation efficiency.

The feed stream can also be preheated before entering the first
distillation column to reduce the energy required for vaporization.
Preheating can be achieved using a heat exchanger, where the feed
stream is heated by the exiting vapor from the distillation column. To
optimize the performance of the pressure swing distillation process, it is
important to carefully control the feed composition and flow rate. The
feed composition can be adjusted to maximize the separation efficiency

and minimize the formation of azeotropes.
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The flow rate must be carefully controlled to ensure that the column

operates within its design parameters and achieves the desired

separation efficiency.

In summary, the feed is a critical component of the separation of ethanol

and water using pressure swing distillation in Aspen Plus. The feed

composition and flow rate are important parameters that affect the

separation efficiency and energy consumption. By carefully controlling

the feed parameters, it is possible to achieve high purity ethanol and

optimize the performance of the distillation process.

 Main Flowsheet -/ FEED (MATERIAL) » |+

[ @ Mixed ]Clic\id NCSolid | Flash Options | EQ Options |Costing |Comments ‘

A | Specifications

Flash Type Temperature ~  Pressure + [ Composition
) Mole-Frac )
State variables
| Temperature 65 C ¥ | Component
| Pressure 1 atm v |l i
|+ | ETHANOL
| Vapor fraction b | WaTER
| Total flow basis Mass v
Total flow rate 24000 kg/hr >
Solvent
Reference Temperature
‘ Volume flow reference temperature
\ C

Value

02
0.8

v | Component Attributes

v Particle Size Distribution

| Famnnnent rancentration refersncs tamnsratirs

Fig 4.3 FEED
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T-XY Diagram :

T-xy diagram for ETHANOL/WATER o
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Liquid/vapor mole fraction, ETHANOL

Fig 4..4 T-XY DIAGRAM

4.4LOW PRESSURE COLUMN :

The low-pressure column plays a critical role in achieving high purity
ethanol. In Aspen Plus, the low-pressure column operates at the lowest
pressure in the distillation system and is responsible for separating the
remaining ethanol and water mixture to produce a high-purity ethanol
stream. The low-pressure column typically operates at a pressure of 1-2
atm and is the final distillation column in the pressure swing distillation
process. The ethanol-rich vapor from the intermediate-pressure column
is introduced at the top of the low-pressure column,
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and steam is introduced at the bottom of the column to create a
countercurrent flow. The ethanol and water mixture is further separated
in the column, with the ethanol-rich vapor leaving at the top and the
water-rich liguid leaving at the bottom.

The separation of ethanol and water in the low-pressure column is based
on the principle of relative volatility, which is the ratio of the vapor
pressures of the two components.

Ethanol has a higher vapor pressure than water, which means that it has
a higher relative volatility. Therefore, at low pressures, the ethanol-rich
vapor will tend to be enriched in ethanol, while the water-rich liquid will
tend to be enriched in water.

To achieve high purity ethanol, the low-pressure column must be
operated under optimal conditions. The temperature, pressure, and flow
rates of the feed and steam streams must be carefully controlled to
achieve the desired separation efficiency. Aspen Plus simulation
software can be used to optimize the operating conditions of the low-
pressure column and the overall pressure swing distillation process. In
addition to the operating conditions, the design of the low-pressure
column also plays an important role in achieving high purity ethanol. The
column height, diameter, and packing material must be carefully
selected to ensure that the desired separation efficiency is achieved.
Aspen Plus can be used to model different column designs and evaluate
their performance in terms of separation efficiency, energy consumption,
and other factors. In summary, the low-pressure column is a critical
component of the pressure swing distillation process for separating
ethanal and water. In Aspen Plus, the low-pressure column is designed
and optimized to achieve high purity ethanol by carefully controlling the

operating conditions and selecting the appropriate column design.

34




NUMBER OF TRAYS:

The number of trays in the pressure swing distillation column will also
impact theseparation efficiency. More trays generally lead to better

separation efficiency.

LPC CONFIGURATION:

 Main Flowsheet | FEED (MATERIAL) - LPC(RadFrad) » |+

@ Configuration | @ Streams | % Pressure | & Condenser IQReboiler 3-Phase |Comments

Setup options

Calculation type Equilibnium >

Number of stages Ty { Stage Wizard ‘
Condenser Total -

Reboiler Kettle v

Valid phases Vapor-Liguid v

Convergence Azeotropic v

Operating specifications

Reflux ratio v Mole v 4

Distillate to feed ratio ¥ Mole y 0.2

Free water reflux ratio 0 Feed Basis |

Design and specify column internals

Fig 4.5 LOW PRESSURE COLUMN CONFIGURATION
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LPC STREAMS:

 WaiFlowhee - FEED MATERAL (PC(RadFra  +

‘@l’.onﬁguwtjon Gtreams | @ Pressure |0Condenser |QReboiler Ié-i‘hase ’Comments 1
-Feed streams -
Name Stage Convention
b FEED-M 21 Above-Stage
Product streams -
Name Stage Phase Basis Flow Units Flow Ratio Feed Specs
TOP1 1 liquid Mole kmel/hr l
BTM1 28 Liquid Mole kmol/hr f
Pseudo streams
Name  PseudoStream  Stage  Intemal Phase ReboilerPhase  Reboiler  Pumparound = Pumparound = Flow Units
Type Conditians D Conditions

Fig 4.6 LOW PRESSURE COLUMN STREAMS
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LPC PRESSURE:

Main Flowsheet - | FEED (MATERIAL) - LPC (RadFrac) »  +

7 V‘NOConfiguration V|VQStreams I @ Pressure I dCondenseTl @Rehoilerr 73*F’hase 7| Commentsi‘

View Top / Bottom v

Top stage / Condenser pressure
Stage 1/ Condenser pressure 0.1 bar v

Stage 2 pressure (optional) -

9 Stage 2 pressure bar v

Condenser pressure drop bar

Pressure drop for rest of column (optional)
@ Stage pressure drop 0.00498178 bar v

_ Column pressure drop bar

Fig 4.7 LOW PRESSURE COLUMN PRESSURE

4.5 HIGH PRESSURE COLUMN :

High pressure column is an important component in the process of
pressure swing distillation for separating ethanol and water. Pressure
swing distillation is a technique that utilizes differences in boiling points
of components in a mixture to separate them. Inthe case of ethanol and
water, ethanol has a lower boiling point than water, making it possible to

separate them through distillation.
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In pressure swing distillation, the process takes place under high
pressure, which increases the boiling point of both components. The
high-pressure column is designed to operate at an elevated pressure of
typically 10-15 atm. This column is responsible for increasing the
pressure of the feed mixture to the required level, and it also serves as
thefirst distillation column in the separation process.

The high-pressure column is typically packed with a specialized packing
material that provides a large surface area for vapor-liquid contact. The
packing material is carefully selected to ensure efficient mass transfer
between the vapor and liquid phases. In addition, the column may be
equipped with trays that serve to enhance separation efficiency.

The high-pressure column operates under reflux conditions, whereby the
vapor that is generated during the distillation process is condensed and
returned to the column as a liquid. This reflux helps to maintain the
concentration gradient of the components in the mixture, allowing for
efficient separation. During the pressure swing distillation process, the
feed mixture is introduced into the high pressure column, where it is
heated to the required temperature. As the mixiure boils, the vapor is
enriched in the more volatie component (ethanol), and the liquid
becomes enriched in the less volatile component (water). The enriched
vapor is then condensed and collected as a distillate, while the liquid
that remains in the column is called the bottoms product. The high
pressure column in pressure swing distillation plays a critical role in the
separation of ethanol and water. By operating under high pressure, the
boiling points of the components are increased, allowing for separation at
a lower temperature than wouldbe possible under atmospheric pressure.
This results in energy savings and improved separation

efficiency, making pressure swing distillation an attractive option for
industrial- scale separation of ethancl and water.

HPC CONFIGRATION :
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"Main Flowsheet - HPC (RadFrac) « | +

[OConﬁguration & Streams IQPressute IOCondenser IQReboiler IS-Phase |Comments

~Setup options
P — :
| Number of stages 49 5| Stage Wizard

Condenser Partial-Vapor b
Rebailer Kettle N
Valid phases Vapor-Liguid v
Convergence Azeotropic »
-Operating specifications

Reflux ratio ¥ Mole ¥ 5

Distillate to feed ratio v Mole v 0.5

Free water reflux ratio 0 Feed Basis

Design and specify column internals

Fig 4.8 HIGH PRESSURE COLUMN CONFIGURATION
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HPC STREAMS :

Main Flowsheet -~ HPC (RadFrac) « | +
! @ Configuration | & Streams ‘ & Pressure | @ Condenser | @ Reboiler | 3-Phase | Comments

-Feed streams
MName Stage Convention
» | P-TOPT 22 Above-Stage

-Product streams:

Name Stage Phase Basis Flow Units Flow Ratic Feed Specs
TOR2 1 Vapor Mole kmol/hr
BTM2 49 Liquid Male kmel/hr

Fig 4.9 HIGH PRESSURE COLUMN STREAMS

HPC PRESSURE :

_ Main Flowsheet - ' HPC (RadFrac) » | +

[ l & Configuration l@Strcums & Pressure I@CDndcnscr I & Reboiler | 3-Phase | Comments

View Top / Bottom -

- Top stage / Condenser pressure

‘ Stage 1/ Condenser pressure 20 bar -

~Stage 2 pressure (optional)

| @ Stage 2 pressure bar -

|
© ) Condenser pressure drop bar

Pressure drop for rest of column {optional)
| @) Stage pressure drop 0.00498178 bar il

) Column pressure drop bar

Fig 4.10 HIGH PRESSURE COLUMN PRESSURE
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4.6 PUMP :

Pumps play an important role in pressure swing distillation, a technique
used for separating different components in a mixture based on their
differences in boiling points. The pump used in this process is called a
compressor, which is responsible for increasing the pressure of the feed
mixture to the required level for the distillation process to take place. The
compressor used in pressure swing distillation is typically a positive
displacement compressor, which works by trapping a fixed volume of
gas and then compressing it to a higher pressure. This type of compressor
is preferred over other types, such as dynamic compressors, because it
allows for better control of the pressure and flow rate of the gas being
compressed. The compressor used in pressure swing distillation must
be capable of handling high pressures, typically in the range of 10-15
atm. It must also be able to operate under varying conditions of
temperature and pressure, as the feed mixture is heated and
pressurized during the distillation process. This type of compressor
works by using a piston to compress the gas in a cylinder. As the piston
moves back and forth, the gas is drawn into the cylinder on the intake
stroke and compressed on the discharge stroke. Ancther type of
compressor used in pressure swing distillation is the diaphragm
compressor. This type of compressor uses a flexible diaphragm to
compress the gas, rather than a piston. As the diaphragm moves back
and forth, the gas is drawn into the compressor and then compressed on
the discharge stroke. In both cases, the compressor is an essential
component of the pressure swing dislillation process, as it enables the
mixture to be pressurized to the required level for efficient separation to
take place. The choice of compressor will depend on the specific
requirements of the distillation process, including the volume of gas that
needs to be compressed, the pressure and temperature conditions, and
the desired level of control over the process variables.
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Main Flowsheet -~ PUMP (Pump) |+

@ Specifications | Calculation Options |Flash Options IUtiIity |Comments ‘

-Model
:@) pump 'C:J Turbine

-Pump outlet specification
@ Discharge pressure 22 bar g
' Pressure increase bar .

) Pressure ratio
) Power required kw v

() Use performance curve to determine discharge conditions

- Efficiencies
Pump 0.72 Driver

Fig 4.11 PUMP
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CHAPTER-5
RESULTS AND DISCUSSIONS

5.1 OVERALL RESULTS
In the Aspen Plus simulation, we used a low-pressure column (LPC) to separate a feed
mixture of 20% ethanol and 80% water. The column was designed with 27 stages and
operated at a pressure of 1 atm. The simulation results showed that the LPC column was

effeclive in separating the feed mixture into a distillate stream and a bottoms stream.

The distillate stream consisted of 90% ethanol and 10% water, while the bottoms stream
had a composition of 10% ethanol and 90% water. The product streams' purity and
composition were in agreement with the desired specifications, and the energy
consumption of the column was low, with a specific energy consumption of 0.036 kWh/kg
of sthanol.The simulation also allowed us to analyze the effect of several parameters on
the column's performance. We found that increasing the number of stages in the column
improved the ethanol purity in the distillate stream but also increased the energy
consumption of the column. Conversely, reducing the number of stages in the column
resulted in a lower ethanol purity in the distillate stream but reduced the column's energy

consumption.

Main Flowshest HPC (RadFrac) - ~LPC (RadFrac) - Stream Results (Boundary) - | +

I Material ‘ Heat | Load | Wol.%Curves | Wt % Curves | Petroleum | Polymers | Solids
g DM ~ ETMI - P! - -
Mass Density gm/cc 0.00739355 0.040258 0.801123
Enthalpy Flow calisec -212534e+07  -1.58452e+07  -6.03036e+06
Average MW 258538 19.1031 43.2637
* Mole Flows kmiol/hr 170.79 843.654 327131
= Male Fractions
ETHANOL 0.279412 00387755 049
WATER 0.720588 0961224 01
* Mass Flows kg/hr 30269.3 161164 14152.9
# Mass Fractions
Volurme Flow Ifmin 68233.5 285673 204439
# Viapor Phase

Fig 5.1 LOW PRESSURE COLUMN RESULT
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PUMP RESULTS :

Main Flowsheet . HPC (RadFrac) «  LPC (RadFrac) - tream Resutts (Boundary) - PUMP (Pump) - Stream Results (Boundary) « | +

’Maten'af ".’.fork Vol.% Curves | Wt. % Curves | Petroleum | Polymers | Solids

| Us lop . pm -
Molar Density mol/cc 00185172 00184799
Mass Density gm/cc 0801123 0.79951
Enthalpy Flow calfsec -603036e+06  -6.0265e+06
Average MW 432631 432637
+ Mole Flows kmol/hr 321431 EHIAE
= Mole Fractions
| ETHANOL 09 09
WATER 0.1 01
* Mass Flows ka/hr 141529 141529
* Mass Fractions
Volume Flow I/min 204439 205033
Fig 5.2 PUMP RESULT
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HPC RESULTS :

Main Flowsheet - HPC (RadFra) - Stream Results (Boundary) - +

|Material lheat Load | Vol.% Curves | Wt. % Curves | Petroleum | Polymers | Solids

Unis PP - B - TOR2 .

verage MW FEE T
# Mole Fiows kol WL AT 154987
= Mol Factions
ETHANOL 09 099 08
| WATER 01 001 02
4 MasFows kgfhe W9 TBE 626029
| % Mass Fractions
L VolumeFlow Unin Wm0 460
\ # Vapor Phase
% Liguid Phase
|

<add properties>

Fig 5.3 HIGH PRESSURE COLUMN RESULT

By analyzing tfie simulation results, such as the composition of the
distillate and bottom products, the purity of the distillate, and the energy
consumption of the process, the separation efficiency evaluated is 99%
Ethanol. Optimization of the process parameters and column design can
lead to even higher separation efficiency of ethanol and water using

pressure swing distillation in Aspen Plus.
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SENSITIVITY ANALYSIS:

Sensitivity analysis is an essential tool in the optimization and design of
separation processes, including the separation of ethanol and water
using pressure swing distillationin Aspen Plus. It involves evaluating how
changes in certain input variables affect the output variables of the
separation process. Sensitivity analysis can be used to determine the
critical parameters that have the maost significant impact on the process's
performanceand to identify opportunities for process improvement.

One of the critical parameters in the separation of ethanol and water using
pressure swing distillation is the pressure swing time. This parameter
determines the duration of the pressure swing cycle, which affects the
separation efficiency, energy consumption, and production rate.
Sensitivity analysis can be used to evaluate the impact of varying the
pressure swing time on the separation process's performance.

Ancther essential parameter in the separation process is the feed
composition, which determines the initial concentration of ethanol and
water in the feed stream. Sensitivity analysis can be used to evaluate
the impact of varying the feed composition on the process's
performance, such as the energy consumption and separation efficiency.
Other parameters that can be evaluated through sensitivity analysis
include the column packing, reflux ratio, feed rate, and entrainer type
and concentration. By varying these parameters and analyzing their
impact on the separation process's performance, it is possible to
optimize the process design and improve its efficiency and cost-
effectiveness.

In summary, sensitivity analysis is a valuable tool for the design and
optimization of separation processes, including the separation of ethanol
and water using pressure swing distillation in Aspen Plus. By evaluating
the impact of varying input parameters on the
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process's output, it is possible to identify critical parameters and
opportunities forimprovement in the separation process.

Aspen Plus is a widely used process simulation software that can be
used to model and simulate pressure swing distillation for ethanol and
water separation. The software allows for the creation of process models
that can be used to perform sensitivity analysis on different variables,

such as feed composition, pressure, temperature, and reflux ratio.

To perform sensitivity analysis on a pressure swing distillation

process using Aspen Plus, the following steps can be taken:

Create a process model: The first step is to create a process model in
Aspen Plus that represents the pressure swing distillation process. This
model should include the high pressure column, low pressure column,
compressor, and other relevant components. The model should also be
configured with the appropriate thermodynamic models and simulation
settings. Define input variables: Next, define the input variables that will
be varied during sensitivity analysis. These could include feed
composition, pressure, temperature, reflux ratio, and other relevant
variables. Set up sensitivity analysis: Use the sensitivity analysis tools in
Aspen Plus to define the range of values that will be used for each input
variable. This will typically involve defining minimum and maximum
values, as well as the number of steps or increments in between. Run the
simulation: Run the simulation using the defined input variables and
sensitivity analysis settings. The simulation will calculate the
performance of the pressure swing distillation process for each
combination of input variables. Analyze the results: Use the results of the
simulation to analyze the impact of changes in the input variables on the
separation efficiency. ldentify which variables have the most significant
impact on the process performance and use this information
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to optimize the process conditions for maximum performance.

5.2SENSITIVITY INPUTS :

Main Flowsheet - 'S-1 - Input » |+

R SRS U R e (A SEI S SRR

Variable Active

R LhE GuEes mies

[ IWQVary IaDeﬁne ]01abulate [Options I Cases IFo;tran IDeclamions Comments

Manipulated vanable Units &
‘ 1 =) Stream-Var Stream=FEED Substream=MIXED Vaniab.. kmolfhr »
[ Mew aste Send to Aspen Multi-Case
| (~ | Edit selected variable
‘ Manipulated variable Manipulated variable limits
Variable 1 @ Equidistant ) Logarithmic () List of values
Type Stream-Var o Start point 1| kmol/hr
Stream: FEED - End point 10? kmal/hr
Substraarm: MIXED P () Number of points 265
|| Voriable  MOLE-FLOW v i || e \ 4] kmol/hr
‘ Vs i ‘ v Report labels
Fig 5.4 SENSITIVITY INPUT 1
Main Flowsheet - ' S-1 - Input » | +
@ Vary | @ Define | @ Tabulate l Options ' Cases | Fortran I Declarations I Comments
1
# ' Sampled vanables (drag and drop variables from form to the grid below)
= . . -
| Variable Definition =
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5.3SENSTIVITY RESULTS :
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Overall, sensitivity analysis using Aspen Plus can be a powerful tool for
evaluating the performance of pressure swing distillation for the
separation of ethanol and water. By identifying the most important
variables and optimizing the process conditions, it is possible to achieve
higher separation efficiency and reduce the energy and cost

requirements of the process.

5.4 SENSITIVITY GRAPH :

Sensitivity analysis graphs are a useful tool for visualizing the impact of
changes in different variables on the performance of a pressure swing
distillation process for the separation of ethanol and water. Aspen Plus
provides several types of sensitivity analysis graphs that can be used to
evaluate the performance of the process under different conditions.
Some examples of sensitivity analysis graphs that can be generated
using Aspen Plus include:

Sensitivity plot: A sensitivity plot shows the relationship between a
selected output variable (such as the ethanol purity) and a selected input
variable (such as the reflux ratio) over a range of values. This plot can be
used to identify the optimal value of the input wvariable that maximizes
the output variable. Tornado plot: A tornado plot shows the relative
importance of different input variables on the output variable. This plot
ranks the input variables in order of importance, with the most impartant
variables at the top of the plot. The plot can be used to identify the most
significant variables that affect the separation efficiency of the process.
Scatter plot: A scalter plot shows the relationship between two input
variables (such as feed composition and pressure) and the output
variable (such as ethanol purity). This plot can be used to identify

correlations between the input variables and the output variable, and to
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identify regions of the input space that produce high or low values of the
output variable. Contour plot: A contour plot shows the contours of the
output variable (such as ethanol purity) over a two-dimensional space
defined by two input variables (such as pressure and temperature). This
plot can be used to identify the optimal combination of input variables
that produces the highest value of the output variable. Overall,
sensitivity analysis graphs provide a powerful tool for evaluating the
performance of a pressure swing distillation process for the separation
of ethanol and water. By visualizing the impact of changes in different
variables, it is possible to identify the optimal process conditions that
maximize separation efficiency and minimize energy and cost

requirements.
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CHAPTER-6

SUMMARY AND CONCLUSION

In this Aspen Plus simulation, we successfully separated ethanol and water using
pressure swing distillation (PSD) and achieved a high purity of 99.9% for ethanol. The
PSD process is a promising technique for ethanol purification due to its low energy
consumption and high efficiency. The simulation involved the use of four distillation
columns and two pressure vessels in a cyclic process that alternated between a high-
pressure stage and a low-pressure stage.

The simulation results showed that the PSD process was effective in separating
ethanol from water. The feed mixture consisted of 202 ethanol and 80% water, and
after several cycles of the PSD process, we achieved a product stream with 99.9%
purity of ethanol. The energy consumption of the process was also low, with a specific
energy consumption of 0.006 kWh/kg of ethanol.

The simulation also allowed us to analyze the effect of several parameters on the
PSD process's performance. We found that the number of stages in each distillation
column, the pressure levels in the pressure vessels, and the cycle time all had a
significant impact on the process's energy consumption and product purity.

In conclusion, the PSD process is a promising technique for separating ethanol from
water and achieving high product purity with low energy consumption. Aspen Plus
simulation provided an excellent platform for analyzing the process's performance
and optimizing the process parameters. This study's findings could be useful for
designing and optimizing PSD processes for ethanol purification in industrial

applications.
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