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Chapter I11: Simulation of gas-liquid, liquid-liquid
contactors and liquid-solid

I11-1- Introduction

Within the realm of chemical engineering, the simulation and comprehension of
absorption/stripping phenomena, including those with chemical reactions, and the
processes of liquid-liquid and liquid-solid extraction stand as pivotal pillars for
numerous industrial applications. This chapter embarks on an exploration of these
specific aspects, utilizing the powerful simulation capabilities of Aspen Hysys, a
preeminent software tool widely acclaimed in the field of chemical engineering.

Focused primarily on absorption/stripping phenomena, these processes involve the
transfer of components between gas and liquid phases, often incorporating
chemical reactions. Aspen Hysys serves as an invaluable platform for
understanding and optimizing these intricate systems, enabling engineers to delve
into the intricacies of mass transfer, phase equilibrium, and the effects of chemical
reactions on the overall process dynamics.

Additionally, this chapter encompasses the simulation of liquid-liquid and liquid-
solid extraction processes. Liquid-liquid extraction involves the selective transfer
of components between two immiscible liquid phases, crucial in industries such as
pharmaceuticals, petrochemicals, and environmental engineering. Likewise, liquid-
solid extraction plays a vital role in separating target compounds from solid
matrices in diverse applications, including pharmaceuticals, food processing, and
wastewater treatment.

Aspen Hysys stands out as an exceptional simulation tool that integrates advanced
thermodynamic models, mass transfer correlations, and comprehensive unit
operation models. Through its capabilities, engineers can accurately model the
behavior of these contactors, predict performance under varying conditions, and
optimize the design and operational parameters without extensive reliance on
costly experimental trials.

Throughout this chapter, the focus remains dedicated to -elucidating the
methodologies, tools, and features within Aspen Hysys, specifically tailored for
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simulating absorption/stripping processes with and without chemical reactions, as
well as liquid-liquid and liquid-solid extraction. From defining initial parameters to
integrating complex chemical Kinetics and interpreting simulation outcomes, this
chapter endeavors to provide engineers and researchers with a thorough guide to
harnessing Aspen Hysys' capabilities in these critical separation processes.

In conclusion, the utilization of Aspen Hysys for simulating absorption/stripping
processes without and with chemical reactions and liquid-liquid extraction not only
facilitates a deeper understanding of these complex systems but also empowers
engineers to optimize and innovate within their respective industries. This chapter
strives to illuminate the methodologies and strategies essential for leveraging
Aspen Hysys in modeling these specific contactors, aiming to equip practitioners
with tools for enhanced efficiency and reliability in industrial operations.

I11-2- Why Simulation of these columns

The simulation of absorption/stripping phenomena, incorporating chemical
reactions, and liquid-liquid extraction processes stands as a critical facet in
chemical engineering and industrial applications. Utilizing tools like Aspen Hysys,
engineers benefit from comprehensive platforms to model and optimize these
intricate separation techniques.

Simulating absorption and stripping columns offers engineers a virtual
environment to optimize operating conditions, comprehend complex mass transfer
phenomena, and achieve cost-effective design modifications. Aspen Hysys aids in
predicting performance variations, considering chemical reactions, and refining
phase equilibria, ensuring enhanced efficiency in gas-liquid separation processes.

Similarly, the simulation of liquid-liquid extraction through Aspen Hysys enables
engineers to optimize solvent-to-feed ratios, understand interfacial interactions,
and design efficient extraction systems. This approach allows for the identification
of optimal conditions, leading to improved product purity and higher yields while
minimizing solvent usage and energy consumption.

In summary, leveraging Aspen Hysys for simulating absorption/stripping processes
with chemical reactions and liquid-liquid extraction empowers engineers to
optimize designs, understand complex phenomena, and enhance separation
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processes across various industrial sectors.
I11-3- Simulation of various Reactors using Aspen Hysys

As mentioned in the previous sections, the next points will give a perfect guide for
the users of Aspen Hysys in order to simulate and assess the performances of
various mentioned processes

111-3-1- Absorption/Stripping processes

In order to perform these types of simulation, some examples will be taken into
consideration, and then numerous steps will be followed in order to resolve them.

s Example 1: Separation of SO2 from Air mixture using Absorption column, in
which the parameter are as follows:

Solvent (Water, T=20°C, m=60.05 kg/s, p=2 bar)
Flue gas (Mixture “Air: 97mol%, SO2: 3mol%”, T=20°C, m=1.717 kg/s, p=2 bar)
Absorber parameters: 20 stages, Top pressure:1.2 bar, Bottom pressure: 1.5 bar

In order to solve this example, there are numerous steps that should be followed
using Aspen Hysys, they can be presented as points as follows:

» Launch Aspen HYSYS: Open the Aspen HYSYS software on your
computer.
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Figure 1. Launch Aspen HYSY'S

» Create a New Project: Start a new project (case) or open an existing one if
you have it. Projects help you organize and save your simulation work.
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Figure 2. Open a new case
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Figure 3. Appeared window after opening a new case or project

» Define Component list and Fluid Package: Specify the chemical
substances that will take place in the reactor. Also you have to choose the
suitable fluid package in order to perform the different associated
calculations.
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Figure 4. Adding the component list
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Figure 5. Choose the fluid package

100% &

» Go to simulation environment: by clicking on the simulation icon on the

down left.
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Figure 6. clicking on Simulation Icon
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» Add Absorber: from the Palette, add an absorber by selecting the absorber
you want to simulate.
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Figure7. Absorber from the palette
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Figure 8. Add the absorber to the PFD
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» Set Operating Conditions: Define the operating conditions of the absorber,
such as temperature, pressure, and flow rates. These conditions significantly
Impact the reaction rate and product formation.
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Figure 9. Setting the streams in the absorber
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Figure 10. Setting the parameters of the absorber
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Figure 11. Complete absorber settings
[HD Column: T-100 / COL1 Fluid Pkg: Basis-1 / General NRTL - Ideal - O X
‘ Design | Parameters | Side Ops | Rating ‘ Worksheet | Performance | Flowsheet | Reactions | Dynamics
Worksheet Water Air_Pol Air_pure Water_SO2
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Figure 12. entering the different conditions 1
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@ Column: T-100 / COL1 Fluid Pkg: Basis-1 / General NRTL - Ideal - O X
‘ Design | Parameters | Side Ops | Rating ‘ Worksheet | Performance | Flowsheet | Reactions | Dynamics
Worksheet
Name Water @COL1  Air_Pol @COL1  Air_pure @COL1 Eiai=Eses
Conditions @coL1
Properties Vapour 0.0000 1.0000 <empty> <empty>
Compositions
PF Specs Temperature [C] 20.00 20.00 <empty> <empty>
Pressure [bar] 2.000 2.000 1.200 1.500
Molar Flow [kgmole/h] 1.200e+004 206.0 <empty> <empty>
Mass Flow [kg/s] 60.05 1.717 <empty> <empty>
Std Ideal Lig Vol Flow [USGPM] 953.7 3021 <empty> <empty>
Molar Enthalpy [Btu/lbmole] -1.226e+005 -3894 <empty> <empty>
Molar Entropy [Btu/Ibmole-F] 1.260 36.64 <empty> <empty>
Heat Flow [kW] -9.509e+005 -518.3 <empty> <empty>
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Figure 13. entering the different conditions 2

@ Column: T-100 / COL1 Fluid Pkg: Basis-1 / General NRTL - Ideal — O X
‘ Design | Parameters | Side Ops | Rating ‘ Worksheet | Performance | Flowsheet | Reactions | Dynamics
Worksheet
Name Water @COL1  Air_Pol ®COL1  Air_pure @COL1 U SaH
Conditions. @coL1
Properties Vapour 0.0000 1.0000 1.0000 0.0000
Compositions
PF Specs Temperature [C] 20.00 20.00 20.02 19.95
Pressure [bar] 2.000 2.000 1.200 1.500
Molar Flow [kgmole/h] 1.200e+004 206.0 200.7 1.201e+004
~——— R
Mass Flow [kg/s] 60.05 1.717 1.602 60.17
Std Ideal Liq Vol Flow [USGPM] 9537 30.21 28.82 955.1
Molar Enthalpy [Btu/lbmole] -1.226e+005 -3894 -2082 -1.226e+005
Molar Entropy [Btu/lbmole-F] 1.260 36.64 37.15 1.298
Heat Flow [kW] -9.5092+005 -518.3 -269.9 -9.512e+005

—
I, \\
Delete ][ Column Environment... ] ‘ Run ) Reset _ Update Outlets  [] Ignored

Figure 14. Click on run and the column will be converged
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@ Column: T-100 / COL1 Fluid Pkg: Basis-1 / General NRTL - Ideal — O X
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PF Specs
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Figure 15. the obtained results 1
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Figure 16. the obtained results 2

These steps provide a general guideline for simulating the absorber column in
Aspen HYSYS. However, the specific details and nuances can vary depending on
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the type of solvent and the complexity of the process involved. It's essential to
consult Aspen HYSYS documentation and resources for more in-depth guidance
on using the software effectively.

s Example 2: A sour water consisted of 97 mol% of H20 and 2 mol% of
Ammonia and 1 mol% of H2S is produced from a crude tower should be
stripped, the stream is at 103 °C, and 2.8 bar, with a flowrate of 1 kg/s, the
required results is a pure water in which the quantity of Ammonia that doesn’t
achieve 0.005 mol%, while water recovery at least 99.99 mol%.

The stripper has 8 stages in which the stream entered from the 2" stage.
The condenser pressure is assumed to be 2 bar, while reboiler pressure is
assumed to be 2.1 bar.

In order to solve this example, there are numerous steps that should be followed
using Aspen Hysys, they can be presented as points as follows:

» Launch Aspen HYSYS: Open the Aspen HYSYS software on your
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May 16 2023
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Figure 17. Launch Aspen HYSYS
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» Create a New Project: Start a new project (case) or open an existing one if
you have it. Projects help you organize and save your simulation work.
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Figure 18. Open a new case
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Figure 19. Appeared window after opening a new case or project

» Define Component list and Fluid Package: Specify the chemical
substances that will take place in the reactor. Also you have to choose the
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suitable fluid package in order to perform the different
calculations.

associated
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Properties < tomponent List - 1 ] 1! =
All ltems ¥ -
“ EFO, Component Lists Source Databank: HYSYS Select: Pure Co
“_Lg Component List - 1
4 | Fluid Packages c Search for: | 3
[2 Basis-1 omponent Type Group
[2g Petroleum Assays Ammonia Pure Component
[ Reactions H20 Pure Component Simulation Name
& Compenent Maps
[% User Properties H28 Pure Component Me
E
by ¢ .
& Properties Prc
D-[S Simulation M
< | n ] N
g Safety Analysis
@ ty b Messages ~ 1 x
9 . Error: 0.001351 Step Size: 1.0
‘ \' Energy Analysis Iter 7 Eqm Error: 0.000039 Heat/Spec
Error: 0.000381 Step Size: 1.0000
Iter 8 Eqm Error: 0.0 4 Heat/Spec =)
v Error: 0.000110 Step Size: 1.0000
Column Flowsheet Stripper  Converged -
100% @ U ®

Figure 20. Adding the component list

B Ho[ o=, Untitled - Aspen HYSYS V8.8 - aspenONE — O X
Home View Customize Resources Search aspenONE Exchange m o @
& Cut ‘| .} Methods Assistant [ Map Components | (1 Hypotheticals Manager B ;H b =Y
23Copy~ ‘—@ %,B Reactions L3 Update Praperties _i, Convert i ﬁ'
Component Fluid = i Petroleum | i
Lﬁ Paste Lists Packages - User Properties Assays jk Remove Duplicates j
Clipboard | Navigate Components Refining = Hypotheticals Qil |Options ‘ PVT Data‘
Properties < Basis-1 1+ ]
All ltems N Set Up ‘Binary Coeffs | StabTest | Phase Order | Tabular | Notes | I
4 [[g Component Lists . )
% Component List - 1 Package Type: HYSYS Component List Selection Component List - 1 [HYSYS |
4 [’a Fluid Packages =
|[_La Basis-1 - Property Package Selection -Options - Parameters
[[@ Petroleum Assays MEWR . Enthalpy Property Package EOS
& Reactions NES Steam Density Costald L4
£g Component Maps NRTL Modify Te, Pc for H2, He Modify Tc, Pc for H2, He
’:6 User Properties Oll_Electrolyte Indexed Viscosity HYSYS Viscosity
- Peng-Robinson Peng-Robinson Options HYSYS
Properties - . .
= - PR-Twu EOS Solution Methods Cubic EOS Analytical Method
PRSV
A g Phase Identification Default v
D-|3 Simulation Sour PR
< | 1" ] »
| Safety Analysis
ﬁ ty LE Messages - 1x
@ . Error: 0.001351 Step Size: 1.0000
“ Energy Analysis Iter 7 Egm Error: 0.000039 Heat/spec
Error: 0.000381 Sstep Size: 1.0000
Iter 8 Eqm Error 0.000004 Heat/Spec =
~ Error: 0.000110 Sstep Size: 1.0000
column Flowsheet Stripper Converged -
100% © U @

Figure 21. Choose the fluid package
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» Go to simulation environment: by clicking on the simulation icon on the

’F_" [ = R ‘ Jl LR Untitled - Aspen HYSYS V8.8 - aspenONE | — O X
Home Economics Dynamics View Customize Resources Flowsheet/Modify Format  |Search aspenONE Exchange v @
Simulation < | Economics Energy [BD Palette — O x | @
s Capital Cost Utility Cost i i @
All Items p ty Available Energy Savi I_J‘-I; x
S Usp o/ w A => =]
% UnitOps usD USD/Year 0 MW % of Al o
(g streams S Flowsheet Case (Main) - Solver Active | + elining ~
(& Stream Analysis = Dynamics Upstream
& Equipment Design -
Common Columns Custom

& Model Analysis
(g Data Tables
[ Strip Charts
["5. Casa Studiac

11 .
Properties

Qﬁﬁmulation >\ ‘

—

&J Safety Analysis

‘@ Energy Analysis

<

Messages

Solver (Main) - Ready

Figure 22. clicking on Simulation Icon

® [

» Add Stripper: from the Palette, add a stripper by selecting the distillation

column.
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B Ho EFw= Untitled - Aspen HYSYS V8.8 - aspenONE | | - o x

Home Economics Dynamics View Customize Resources Flowsheet/Modify Format Search asper] = (7]

Simulation d

Energy Savings: MwW %)

Capital: USD Utilities: usDyear (D |

All lterns M Flowsheet Case (Main) - Solver Active ] ) d_l; x
% Workbook I ‘\ * =

2 E&UnitOps Upstream Refining

1 [[g Streams
[ Stream Analysis
& Equipment Design
& Model Analysis
[ Data Tables (
& Strip Charts
[ Case Studies
[ Data Fits

Custom Dynami

mmon Columns

Distillation Column Sub-Flowshee:

T .
e Properties

‘ D-lg Simulation

&J Safety Analysis

‘@ Energy Analysis (
|

Messages

Solver (Main) - Ready 98% 7 v, )

Figure 23. Stripper from the palette

E" FHo | \] L] Untitled - Aspen HYSYS V8.8 - aspenONE ‘ | — O X

Home Economics Dynamics View Customize Resources Flowsheet/Modify Format Search aspenONE Exchange m v @

Simulation < “ Capital: USD Utilities: USD/Year O ‘ Energy Savings: MW %) O || Exchangers - Unkne b &

All Items M Flowsheet Case (Main) - Solver Active - 1 -+ N
& Workbook I
b & UnitOps
b [£@ Streams
[ Stream Analysis
& Equipment Design
& Model Analysis
[ Data Tables
& Strip Charts
(& Case Studies
[ Data Fits

—

&

{—

|—|
—
o
o

—
* Properties
D-[S Simulation

?J Safety Analysis

‘@ Energy Analysis <

==

Messages

Solver (Main) - Ready 93% © U @ [
Figure 24. Add the stripper to the PFD

» Set Operating Conditions: Define the operating conditions of the stripper,
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number of stages, fluxes, temperature, pressure, and flow rates. These
conditions significantly impact the process.

ﬂ Distillation Column Input Expert - O X

Condenser Energy Stream I Q_cond hd ~Condenser >
J ,-I\ c -

< © Total
Column Name  Stripper Column g © Partial Ovhd Vapour Outlet
@ Full Rflx

1 J
>|
Inlet Streams
eam Inlet Stage #/Stages\ Optional Side Draws
Water_sour 2_ Main Towe -3 l 77777 } StreaK Type Draw Stage
<< Stream >3 << Stream >>
n-1 Reboiler Energy Stream
- l
Res hd
Q Bottoms Liquid Outlet
-€
n+1 R -
~Stage Numbering ————— >

@ Top Down © Bottom Up ‘

Figure 25. Setting the streams in the stripper

PFI Distillation Column Input Expert — m w

-Reboiler Configuration

SRS
] Q)

[

@ Once-through © Circulation without baffle © Circulation with baffle

-Reboiler Type Selection

@ Regular Hysys reboiler ©) Heater ) Heat exchanger ‘ ‘ Tube Shell ‘

{ < Prev ] [ ( Nexb/} Reboiler Configuration (page 2 of 5)

Figure 26. Setting the parameters of the stripper 1
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[FD Distillation Column Input Expert — O X

hdenser Pres

2.000 bar

A2

Condenser Pressure Drop
>

0.0000 bar

Reboiler Pressure Drop

0.0000 bar

oiler Pressure

2.100 bar
-
>

I

[ < Prev } [ M ] Pressure Profile (page 3 of 5)

Figure 27. Setting the parameters of the stripper 2

[FD Distillation Column Input Expert - 0 X

Optional Condenser

? @ Temperature Estimate

> Optional Top Stage
Temperature Estimate

Optional Reboiler
Temperature Estimate

\i ).

{ < Prev ] [ / Nexy! ] Optional Estimates (page 4 of 5)
—7

Figure 28. Setting the parameters of the stripper 3
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tF_l\' Distillation Column Input Expert - O X
>
B i Z Vapour Rate
> ~ | RefluxRatio

Flow Basis Molar hd

[ < Prev ] [ { Done../ ] [ Side Ops > } Specifications (page 5 of 5)

N
Figure 29. Complete stripper settings

G_T" Column: Stripper Column / COL2 Fluid Pkg: Basis-1 / Peng-Robinson - O X

‘ Design | Parameters | Side Ops | Rating‘ Worksheet | Performance | Flowsheet | Reactions | Dynamics

Worksheet Water_sour C R

Conditions Ammonia 0.1695 <empty> <empty>
Properties H20 0.8220 <empty> <empty>
Compositions H2S 0.0085 <empty> <empty>

PF Specs

[ Delete M Column Environment... } [ Run ] [ Reset } _ Update Outlets [ Ignored

Figure 30. entering the different conditions 1
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@ Column: Stripper Column / COL2 Fluid Pkg: Basis-1 / Peng-Robinson - O X

| Design | Parameters | Side Ops | Raling‘ Worksheet | Performance | Flowsheet | Reactions | Dynamics

Worksheet Water_sour
Name p C @coLz R @COL2

Conditions @coLz2

Properties Vapour 0.1736 1.0000 <empty>

Compositions

PF Specs Temperature [C] 103.0 <empty> <empty>
Pressure [bar] 2.800 2.000 2.100
Molar Flow [kgmole/h] 200.2 <empty> <empty>
Mass Flow [kg/s] 1.000 <empty> <empty>
Std Ideal Lig Vol Flow [USGPM] 17.53 <empty> <empty>
Molar Enthalpy [Btu/lbmole] -1.019e+005 <empty> <empty>
Molar Entropy [Btu/Ibmole-F] 22.22 <empty> <empty>
Heat Flow [kW] -1.318e+004 <empty> <empty>

Delete M Column Environment... } [ Run } [ Reset } _ Update Outlets D !
Figure 31. Entering the different conditions 2

@ Column: Stripper Column / COL2 Fluid Pkg: Basis-1 / Peng-Robinson — O X
P
I
@}arameters | Side Ops | Rating | Worksheet | Performance Howsheetl Reactions | Dynamics ‘ =
esign -Optional Checks -Profile
C [ Input Summary ] [ View Initial Estimates... ] Temperature VS. Tray Position from Top
lonitor ® Temp 10.00 E_g_ Temperaure
S 8.000
Specs Summary | Iter Step Equilibrium Heat / Spec | @ Press o000 E
Subcooling © Flows 3
Notes gL000 E
2.000
L — T T L — T
0 2 4 6 8
-Specifications
Specified Value Current Value Wt Error Active  Estimate Current 1

Reflux Ratio <empty> <empty> <empty> |\7 F IF

Ovhd Vap Rate <empty> <empty> <empty> p IF F

Reflux Rate <empty> <empty> <empty> r IF I_

Btms Prod Rate <empty> <empty> <empty> I_ F I_

[ View... ] [ Add Spec... } [ Group Active } [ Update Inactive } Degrees of Freedom 0

Delete M Column Environment... } [ Run } [ Reset ] ; Update Outlets [ ] Ignored

Figure 32. Configuration of the rest parameters
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@ Column: Stripper Column / COL2 Fluid Pkg: Basis-1 / Peng-Robinson

Design | Parameters | Side Ops | Rating | Worksheet | Performance | Flowsheet | Reactions | Dynamics ‘

Design -Optional Checks - Profile
Connections [ Input Summary } [ View Initial Estimates... ] Temperature VS. Tray Position from Top
Monitor _ 10,00 -
S @ Temp :—EI— emperajure
pecs — 8000
Specs Summary | Iter Step Equilibrium Heat / Spec | © Press o0 E
Subcooling © Flows g
Notes pLouy E
2,000 3
T T T T ™ —TT T
0 2 4 8
-Specifications
Specified Value Current Value Wt. Error Estimate Current 1
Reflux Ratio <empty> <empty> <empty I\_f I_
Ovhd Vap Rate <empty> <empty> <empty> p I_
Reflux Rate <empty> <empty> <empty I\_f l_
Btms Prod Rate <empty> <empty> <empty> I_ p I_
[ View... } [ Add Spec... } [ Group Active } [ Update Inactive ] Degrees of Freedom
Figure 33. Configuration of the rest parameters
@ Column: Stripper Column / COL2 Fluid Pkg: Basis-1/ Peng-Robinson - m}
Design | Parameters | Side Ops | Rating | Worksheet | Performance | Flowsheet | Reactions | Dyna @Add Specs-S..  — ] X =
Design ~Optional Checks -Profile Column Specification Types
Connections [ Input Summary } [ View Initial Estimates... ] _ n from TOp
. Column Cold Properties Spec =
Monitor W
Specs @ Te Mﬁ%
Iter Ste Equilibrium Heat / Spec . Column Component Fraction
Specs Summary P ] /5p © Pres:
Subcooli 0 omponent Ratio
upeocling O Ho ( column Component Recovery
Notes “W
LColurm
Column Draw Rate = T T
Column DT (Heater/Cooler) Spec 8
|| Column Dt Spec
-Specifications Column Duty
snecified Val c £ Val Column Duty Ratio E
. pecified Value urrent Value Column Feed Ratio
Reflux Ratio <empty> <empty> Column Gap Cut Point L
Ovhd Vap Rate <empty> <empty> Column Liquid Flow
Reflux Rate <empty> <empty> Column Physical Properties Spec
Btms Prod Rate <empty> <empty> Column Pump Around
Column Reboil Ratio Spec
Column Recovery
A Column Reflux Feed Ratio Spec
7 = 1 Column Reflux Fraction Spec .
View... ‘ Add Spege” [ Group Active } [ Up —_—
[ Add Spec(s)... }
Deete [ cohmnenironment.. [ R [ reset | | Y Upda Outes | ignored

Figure 34. Adding of the mentioned new parameters in the example
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@ Comp Frac Spec: Comp Fraction — Ll X

Parameters | Summary | Spec Type

Name Comp Fraction
Stage Reboiler
Flow Basis Mole Fraction
Phase Liquid
Spec Value 5.000e-005
Components: Ammonia

<< Component >>

() Stream @ Stage

Target Type

| Delete |

Figure 35. Entering the value required of the Ammonia in the water as a specification
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D Comp Recov Spec: Comp Recovery ~ — L] X
Parameters | Summary | Spec Type
Name Comp Recovery
Draw R @COLZ2
Spec Value 0.9999
Components: H20
<< Component >>
Target Type @ Stream © Stage
Delete

Figure 36. Entering the value required of the water recovery in the water as a specification

@ Column: Stripper Column / COL2 Fluid Pkg: Basis-1 / Peng-Robinson

O X

Design | Parameters | Side Ops | Rating | Worksheet | Performance | Flowsheet | Reactions | Dynamics ‘

Design

Connections
Monitor

Specs

Specs Summary
Subcooling
Notes

-Optional Checks - Profile
| nputsummary | [ Viewlnitial Estimates.. | Temperature vs. Tray Position from Top
@ Temp B == =
100.0
Iter Step Equilibrium Heat / Spec ® Press E —
116 1.0000 0.000018 0.000524 - = 60.00
D @ Flows =
117 1.0000 0.000017 0.000507 2000 3
118 1.0000 0.000015 0.000490 3
2000 T T T T T T T T T
119 1.0000 0.000015 0.000475
. . . - & 0 2 4 6 8
-Specifications
Specified Value Current Value Wt. Error Active  Estimate Current
Reflux Ratio <empty> 1.543 <empty> r IF I_
Ovhd Vap Rate <empty> 35.63 <empty> I_ I; I_
Reflux Rate <empty> 54.97 <empty> r IF I_
Btms Prod Rate <empty> 1645 <empty> I_ F I_
Comp Fraction 5.000e-005 4.993e-005 200003 W W W
Comp Recovery 0.9999 0.9999 00000 [ "3 WV

n

[ View...

JErrr— r——

Update Inactive ] Degrees of Freedom 0

[ Delete ][ Column Environment.. }\_/M? Resel % B Update Outlets ] Ignored

Figure 37. Run the simulation
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(El\," Column: Stripper Column / COL2 Fluid Pkg: Basis-1 / Peng-Robinson — O X

‘ Design | Parameters | Side Ops | Raling‘ Worksheet | Performance | Flowsheet | Reactions | Dynamics

Worksheet Water_sour C
Conditions Ammonia 0.1695 0.9519
Properties H20 0.8220 0.0005
Compositions | | | }5g 0.0085 0.0476
PF Specs

Delete H Column Environment... } [ Run } [ Reset } _ Update Outlets [ Ignored
Figure 38. The obtained results 1

B Ho &ws Untitled - Aspen HYSYS V8.8 - aspenONE | | - 0 <
Home Economics Dynamics View Customize Resources Flowsheet/Modify Format Search aspenONE Exchange m v @
Simulation < H Capital: USD Utilities: USD/Year a ‘ Energy Savings: MW %) a || Exchangers - Unkno # %
All Items - Flowst Case (Main) - Solver Active ‘ + >
[C&% Workbook ~
> & UnitOps
b [ Streams E—
[L& Stream Analysis C
[C& Equipment Design
- i L
L& Model Analysis
[[& Data Tables Q_Cond
[ Strip Charts —
[ Case Studies Water sour
[_g‘. Data Fits
L
Q_Res

& Properties L

‘D-[g Simulation Stripper R

%J Safety Analysis COl umn
‘@ Energy Analysis < . ;I
) Messages
Solver (Main) - Ready 144% © {J ® (5

Figure 39. The obtained results 2

These steps provide a general guideline for simulating the stripper column in
Aspen HYSYS. However, the specific details and nuances can vary depending on
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the type and the complexity of the process involved. It's essential to consult Aspen
HYSYS documentation and resources for more in-depth guidance on using the
software effectively.

I11-3-2- Liquid/Liquid Extraction

In order to perform this simulation, an example has been taken into consideration,
and then numerous steps will be followed in order to resolve it.

s Example 1: Simulate the separation of an equimolar Acetone/Water
mixture using 3-Methylhexane as the solvent in an Aspen HYSYS
liquid-liquid extraction column.

Parameters:

e Feed: Equimolar Acetone/Water mixture at 25°C, 50 kgmole/h,
and 1.2 bar.

e Solvent: 3-Methylhexane at 25°C, 200 kgmole/h, and 3 bar.

e Column: 10 stages, top stage pressure: 104 kPa, bottom stage
pressure: 200 kPa.

In order to solve this example, and simulate this process, it is necessary
to follow up the previous mentioned steps, starting by selecting the
component list, then the fluid package going then to the simulation
environment and select the extraction column from the palette.

However, the other steps in setting the different parameters of the
extractor are similar to the steps employed to set up the different
parameters of the stripper and also the absorber, in which the number of
stages should be assumed, also the top and bottom pressures, the
different conditions of the solvent and the mixture, the next pictures
depicted the necessary steps in order to perform this process and also the
obtained results at the end of the simulation.
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[FJ‘ T H» { ” B = Untitled - Aspen HYSYS V8.8 - aspenONE — O e
Home View Customize Resources Search aspenONE Exchange E v @
Properties < ‘Component List - 1 ] o, N
All ltems e 1~ |
“ E-e, Component Lists Source Databank: HYSYS Select: Pure Co
|[=_a Component List - 1
‘ E‘ﬁ;tﬂd Packages Component Type Group Sz e @
& Basis-1
[ Petroleum Assays Acetone Pure Component =
LG Reactions H20 Pure Component Simulation Name
[[& Component Maps 3344-Mh
[% User Properties 3-Mhexane Pure Component |
334-Mh
33M-4Ehe
33-Mh
34M-3Ehs
P . 34-Mhu
=
— move 3M-3Eh
D-[g Simulation 3M-4Eh ¥
«| " ] ,
H| Safety Analysis
& ty LE Messages 2 x
. . . : TN P Error: 1. #0ONANO Step Size: 1.0000
‘e Energy Analysis Warning : Fluid Pkg Transition -- Not Solved = Tter: 0004 Eqm Error: 217 #INDOD Heat/Spec
Warning : Fluid Pkg Transition -- Not Solved Error: 1. ep 5ize: 1.0
. . - Iter: 9004 Eqm Error: . #INDOO Heat/spec =
= || rtimnal lofe - linke LACAIA_ okaoun Camnnd ror Step Size: 1.0000There are no
<| 11} ‘ f'luwd packages in thws case compatible with assay management. -
100% & U (O]
Figure 40. Setting component list
’F_l' | H L] { I] 1) | Untitled - Aspen HYSYS V8.8 - aspenONE — O e
Home View Customize Resources Search aspenONE Exchange E v @
Properties < ‘Basis-1 1+ |
All ltems M Set Up ‘ Binary Coeffs | StabTest | Phase Order | Tabular | Notes ‘ w)
4 [ Component Lists . .
£% Component List - 1 Package Type: HYSYS Component List Selection Component List - 1 [HYSYS |
4 [ Fluid Packages
\[ja Basis-1 - Property Package Selection - Activity Model Specifications
[g Petroleum Assays L - Vapour Model Ideal -
(& Reactions e NBS Steam Density Method Costald 1
[ Component Maps UNIFAC Estimation Temp 25.0000 C
[ User Properties Use Poynting Correction ™2
immll Peng-Robinson
PR-Twu
PRSV No Parameters required for the selected Property Package.
Sour PR
Sour SRK
Properties SRK
— = SRK-Twu 3
. . Twu-Sim-Tassone r
D—Eg Simulation femiiac -
| n »
H| Safety Analysis
? ty b Messages -1 x
‘Q Energy Analysis Required Info : Fluid Packages -- Select property pac *
‘ Required Info : Components -- Empty component li
- Pocusirad Infa - Mactar Coamnanan: t lict  Erambie cnr -
< ‘ 1 ‘ »

100% @

Figure 39. Setting fluid package
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B Ho g |' J] DEN Untitled - Aspen HYSYS V8.8 - aspenONE | ‘ — O P
Home Economics Dynamics View Customize Resources Flowsheet/Modify Format Search aspe. @ — (7]
- Hpr. — O X |
Simulation < “ Capital: USD Utilities: USD/Year a Energy Savings: MW %) E:-L x F
- 1
All Items - " Flowsheet Case (Main) - Solver Active ] Ge =
& Workbook S'E
L& UnitOps Upstream Refining
E Streams Custom Dynamics
[ Stream Analysis
Common Columns

& Equipment Design
& Model Analysis
[[g Data Tables

[ Strip Charts

(& Case Studies

[ Data Fits Liquid-Liquid E)dracto
L ™~ .J

2

T
_‘i Properties

Dg Simulation 7

&J Safety Analysis

Messages

[ I —m————,

‘@ Energy Analysis

=

Solver (Main) - Ready 135% oz v T

Figure 41. Selection of extraction column from the palette

’FJ' Hod ‘ ” )= Untitled - Aspen HYSYS V8.8 - aspenONE ‘ ‘ — O %
Home Econamics Dynamics View Customize Resources Flowsheet/Modify Format Search aspenONE Exchange El v @
Simulation < “ Capital: USD Utilities: USD/Year a Energy Savings: MW %) O || Exchangers - Unkno » 2

All Items T Flows} Case (Main) - Solver Active ] +

[C&% Workbook -
> L& UnitOps
[.& Streams
[L& Stream Analysis
[2& Equipment Design
& Model Analysis
& Data Tables ~
[[& Strip Charts
[ Case Studies
l:a Data Fits
- o
* Properties
‘ D{g Simulation T—1 00
%J Safety Analysis |
w

‘& Energy Analysis " 5

Messages

Solver (Main) - Ready 135% @ {} ®
Figure 42. Putting it into the PFD
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PF_I"- Liquid-Liquid Extractor Input Expert - T-100 - OJ X

Column Name T-100

Top St Inlet
op Stage Inle /J\ Ovhd Light Liquid
Mixt v -
ixture | Light L

> | 1
Optional Inlet Streams ~ ~ ————— > R 3 Optional Side Draws
Stream Inlet Stage Numb of Stream Type Draw Stage
Stages
<< Stream >> << Stream >>
n= 10
n-1
> n
Bottom Stage Inlet L
Bottoms Heavy Liquid
[ Solvent A
Heavy L hd
- Stage Numbering >
@ Top Down © Bottom Up ‘

Figure 43. Setting the parameters of the extractor 1

m Liquid-Liquid Extractor Input Expert - T-100 - O X
/J\ g
S 1 1.040 bar
2
= B Stagg/P
ottom Sta ressure
> n =

< Prev ] [ Next > ] Pressure Profile (page 2 of 3)

Figure 44. Setting the parameters of the extractor 2
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@‘ Liquid-Liquid Extractor Input Expert - T-100

— O X
=
/J\ Optional Top Stage
Temperature Estimate
>| 1
2
Optional Bottom Stage
o Temperature Estimate
>| =
> o
[ (_onee A optiona stimates page 3 of3)

Figure 45. Setting the parameters of the extractor 3

{Fl\" Column: T-100 / COL1 Fluid Pkg: Basis-1 / PRSV
- g

- O X

| Design | Parameters | Rating‘ Worksheet | Performance | Flowsheet | Dynamics

Worksheet Mixture Solvent Light_L Heavy_L

Conditions H20 0.5000 0.0000 <empty> <empty>

Properties Acetone 0.5000 0.0000 <empty> <empty>

ENMBESTIED: 3-Mhexane 0.0000 1.0000 <empty> <empty>

PF Specs

Do [ e | O 7o o

<
Figure 46. Setting the compositions

| »
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@ Column: T-100 / COL1 Fluid Pkg: Basis-1 / PRSY - O X

‘ Design | Parameters | Rating| Worksheet | Performance | Flowsheet | Dynamics

Worksheet Name Mixture @COL1 Solvent @COL1 Light_L @COL1 Heavy L @COL1
Conditions Vapour 0.0000 0.0000 <empty> <empty>
Properties Temperature [C] 25.0000 25.0000 <empty> <empty>
Compositions | | Pressure [bar] 1.2000 3.0000 1.0400 2.0000
PF Specs Molar Flow [kgmole/h] 50.0000 200.0000 <empty> <empty>

Mass Flow [kg/s] 0.5284 5.5669 <empty> <empty>
Std Ideal Lig Vol Flow [USGPM] 10.0793 127.8437 <empty> <empty>
Molar Enthalpy [Btu/lbmole] -1.148e+005 -9.807e+004 <empty> <empty>
Molar Entropy [Btu/Ibmole-F] 10.79 28.08 <empty> <empty>
Heat Flow [kW] -3.7090e+03 -1.2673e+04 <empty> <empty>

[ fun ] { flescy ] ~ Unconverged Update Outlets [7] Ignored

« | [ [

Figure 47. Setting the different parameters and conditions

@ Column: T-100 / COL1 Fluid Pkg: Basis-1 / PRSV — O X
| Design | Parameters | Rating‘ Worksheet | Performance | Flowsheet | Dynamics
Worksheet Name Mixture @COL1 Solvent @COL1 Light L @COL1 Heavy L @COL1
Conditions Vapour 0.0000 0.0000 0.0000 0.0000
Properties Temperature [C] 25.0000 25.0000 24.6740 249776
Compositions | | Pressure [bar] 1.2000 3.0000 1.0400 2.0000
PF Specs Molar Flow [kgmole/h] 50.0000 200.0000 225.1265 24.8735
Mass Flow [kg/s] 0.5284 5.5669 5.9709 0.1245
Std Ideal Lig Vol Flow [USGPM] 10.0793 127.8437 135.9461 1.9769
Molar Enthalpy [Btu/lbmole] -1.148e+005 -9.807e+004 -9.906e+004 -1.228e+005
Molar Entropy [Btu/lbmole-F] 10.79 28.08 26.54 13.24
Heat Flow [kW] -3.7090e+03 -1.2673e+04 -1.4408e+04 -1.9733e+03
>
.
R Rest | | v oot [ ignored
< | m ] »

Figure 48. Run the simulation and get the results
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[FD Column: T-100 / COL1 Fluid Pkg: Basis-1/ PRSV - O X
‘ Design | Parameters | Rating‘ Worksheet | Performance | Flowsheet | Dynamics
Worksheet Mixture Solvent
Conditions H20 0.5000 0.0000
Properties Acetone 0.5000 0.0000
Compositions | 3_yhaxane 0.0000 1.0000
PF Specs
[mn [ e | N v ooeoues [ ignored
« | m | »
Figure 49. Check of the composition
B Ho s Untitled - Aspen HYSYS V8.8 - aspenONE | ‘ - O X
Home Economics Dynamics View Customize Resources Flowsheet/Modify Format Search aspenONE Exchange E v @
Simulation < | Capital: USD Utilities: USD/Year o ‘ Energy Savings: MW %) c) || Exchangers - Unkno » K
All ltems T B fl | Case (Main) - Solver Active 1 -+ N
& Workbook -
> & UnitOps
b @ Streams - —
[& Stream Analysis — L|ght_L
(& Equipment Design MIXtU re
& Model Analysis
[ Data Tables
[ Strip Charts
(g Case Studies N
E& Data Fits o
Solvent R
—
Heavy L

" -
& Properties

D-Eg Simulation ‘

T-100

%J Safety Analysis

@ . Error: 0.002819 Step Size: 1.0000
‘, Energy Analysis Iter Egm Error: . Heat/Spec
Error: 0.000003 Step Size: 1.0
Iter Egm Error 0.000000 Heat/Spec =
= Error: 0.000003 Step Size: 1.0000
Column Flowsheet T-100 Converged -
Solver (Main) - Ready 135% O U @ 1

Figure 50. The obtained results
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