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About Getting Started
Modeling Processes with
Electrolytes

You can easily model all types of electrolyte systems with Aspen Plus, including
systems with strong electrolytes, weak electrolytes, salt precipitation, even mixed
solvents.

The two sessions in this book — Modeling Electrolyte Chemistry and Modeling a
Sour Water Stripper— introduce you to simulating electrolyte systems with Aspen
Plus by guiding you through two simulations.

Getting Started Modeling Processes with Electrolytes assumes that you have an
installed copy of the Aspen Plus and User Interface software.



Why Use Electrolyte Simulation?

A rigorous treatment of electrolytes is needed to model many industrial systems.
With the Aspen Plus electrolyte capabilities, you can model:

Sour water solutions. Water containing dissolved H,S, NH_, CO,, HCN,
sometimes with additional solvents

Aqgueous amines for gas sweetening. Water containing DGA, MEA, DEA, or
MDEA for the removal of H,S and CO,

Aqueous acids or bases. HCI, HBr, H,SO,, H,PO,, HNO,, HF, NaOH, KOH, and
others, in aqueous solution, sometimes with additional solvents

Salt solutions. NaCL, KCI, Na,SO,, CaSO,, CaCQ, in solution, sometimes with
participation

What is an Aspen Plus Electrolyte Model?

In Aspen Plus, an electrolyte system is defined as one in which some of the
molecular species dissociate partially or completely into ions in a liquid solvent,
and/or some of the molecular species precipitate as salts. These dissociation and
precipitation reactions occur fast enough that the reactions can be considered to
be at chemical equilibrium. The liquid phase equilibrium reactions that describe
this behavior are referred to as the solution chemistry. In Aspen Plus, solution
chemistry is often referred to simply as Chemistry.

Solution chemistry has a major impact on the simulation of electrolyte systems.
For nonelectrolyte systems, chemical reactions generally occur only in reactors. In
Aspen Plus, all unit operation models can handle electrolyte reactions.

Solution chemistry also impacts physical property calculations and phase
equilibrium calculations. The presence of ions in the liquid phase causes highly
nonideal thermodynamic behavior. Aspen Plus provides specialized
thermodynamic models and built-in data to represent the nonideal behavior of
liquid phase components in order to get accurate results.

Vi Modeling Processes with Electrolytes
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Sessions In this Book

The two sessions in the book illustrate the following concepts:
e Types of electrolyte components

* Solvents
* Solutes
e lons

e Salts

* Types of reactions in electrolyte solution chemistry
¢ Complete dissociation
» Partial dissociation (equilibrium reaction)
» Salt precipitation (equilibrium reaction)
* Automatic Chemistry generation
* Recommended physical property methods for electrolytes
* Methods for calculating and reporting electrolyte systems
* True component approach
* Apparent component approach
» Use of stream properties (Property Sets) for electrolytes

Follow the steps in Chapter To learn how to

1 Modeling Electrolyte Chemistry Define electrolyte components.
Use automatic chemistry generation.
Examine Chemistry data.
View electrolyte databank parameters.
Use the true component modeling approach.

2 Modeling a Sour Water Stripper Modify the generated Chemistry.
Use the apparent component approach for electrolytes.

Convert from apparent component approach to true component approach.

Using Backup Files

We recommend that you perform all sessions sequentially, because Chapter 2
assumes you are familiar with the concepts presented in Chapter 1.

Aspen Plus provides backup files containing all problem specifications and results

for each tutorial session. You can use the backup files to check your results.

Modeling Processes with Electrolytes
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For More Information

Online Help Aspen Plus has a complete system of online help and
context-sensitive prompts. The help system contains both context-sensitive help
and reference information. For more information about using Aspen Plus help, see
the Aspen Plus User Guide, Chapter 3.

Aspen Plus Getting Started Building and Running a Process Model This
tutorial includes several hands-on sessions to familiarize you with Aspen Plus.
The guide takes you step-by-step to learn the full power and scope of Aspen Plus.

Aspen Plus Getting Started Modeling Processes with Electrolytes This
tutorial includes several hands-on sessions to familiarize you with simulating
electrolyte systems with Aspen Plus.

Aspen Plus Getting Started Modeling Petroleum Processes This tutorial
includes several hands-on sessions to familiarize you with simulating petroleum
processes with Aspen Plus.

Aspen Plus Getting Started Customizing Unit Operation Models This
tutorial includes several hands-on sessions to familiarize you with the
customization of unit operation models with Aspen Plus.

Aspen Plus User Guide The three-volume Aspen Plus User Guide provides
step-by-step procedures for developing and using an Aspen Plus process
simulation model. The guide is task-oriented to help you accomplish the
engineering work you need to do, using the powerful capabilities of Aspen Plus.

Aspen Plus reference manual series Aspen Plus reference manuals provide
detailed technical reference information. These manuals include background
information about the unit operation models and the physical properties methods
and models available in Aspen Plus, tables of Aspen Plus databank parameters,
group contribution method functional groups, and a wide range of other reference
information. The set comprises:

e Unit Operation Models

* Physical Property Methods and Models
* Physical Property Data

* User Models

e System Management

e System Administration

e Summary File Toolkit

viii Modeling Processes with Electrolytes
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Aspen Plus application examples A suite of sample online Aspen Plus
simulations illustrating specific processes is delivered with Aspen Plus.

Aspen Plus Installation Guides These guides provide instructions on
platform and network installation of Aspen Plus. The set comprises:

* Aspen Plus Installation Guide for Windows
* Aspen Plus Installation Guide for OpenVMS
e Aspen Plus Installation Guide for UNIX

The Aspen Plus manuals are delivered in Adobe portable document format (PDF)
on the Aspen Plus Documentation CD.

Technical Support

World Wide Web For additional information about AspenTech products and
services, check the AspenTech World Wide Web home page on the Internet at:

http://www.aspentech.com/

Technical resources To obtain in-depth technical support information on the
Internet, visit the Technical Support homepage. Register at:

http://www.aspentech.com/ts/

Approximately three days after registering, you will receive a confirmation e-mail
and you will then be able to access this information.

The most current Hotline contact information is listed. Other information
includes:

e Frequently asked questions
e Product training courses
e Technical tips

Modeling Processes with Electrolytes iX
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AspenTech Hotline

If you need help from an AspenTech Customer Support

engineer, contact our Hotline for any of the following locations:

If you are located in: Phone Number Fax Number E-Mail Address
North America & the +1-617/949-1021 +1-617/949-1724 support@aspentech.com
Carbbean +1-888/996-7001
(toll free)
South America
(Argentina office) +54-11/4393 5308 +54-11/4394-8621 tecnoba@aspentech.com
(Brazil office) +55-11/5506-0756 +55-11/5506-0567 tecnosp@aspentech.com
Europe, Gulf Region, & Africa atesupport@aspentech.com
(Brussels office) +32-2/724-0100 +32-2/705-4034
(UK office) +44-1223/312220 +44-1223/366980
Japan +81-3/3262-1743 +81-3/3262-1744 atjsupport@aspentech.com
Asia & Australia atasupport@aspentech.com
(Hong Kong office) +85-2/2838-6077 +85-2/2833-5642
(Korea office) +82-2/761-5800 +82-2/761-5803
o 0o o d
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Chapter 1

1

Modeling Electrolyte
Chemistry

In this session you will mix and flash two feed streams containing aqueous
electrolytes.

You will:

o Define electrolyte components

o Use the Electrolytes Expert System

« Examine Chemistry data

« View electrolytes databank parameters

o Use the true components modeling approach

Allow about 45 minutes to do this session.

Modeling Processes with Electrolytes
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Modeling
Electrolyte
Chemistry

Electrolyte Chemistry Flowsheet

The process flow diagram and operating conditions for this session are shown in
the process diagram below: Electrolyte Chemistry. Two feed streams, one
containing water and HCI, the other water and NaOH, are fed to a mixer. The
mixer outlet is flashed to evaporate water and cause NacCl to precipitate. You will
use the MIXER model for the mixer and the FLASH2 model for the flash.

Electrolyte Chemistry

FLASH

FLASH2

Modeling Processes with Electrolytes
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Chapter 1

Starting Aspen Plus

To start Aspen Plus:

U From your desktop, click Start and then select Programs.

U Select AspenTech, then Aspen Plus 10.1-0, then Aspen Plus User Interface.

The Aspen Plus Startup dialog box appears. Aspen Plus displays a dialog box
whenever you must enter information or make a selection before proceeding. In
this simulation, you will use an Aspen Plus template.

U To select the Template option, point the mouse to the Template radio button and click
the left mouse button.

U Click OK to apply this option.

The New dialog box appears.

You use the New dialog box to specify the Application Type and the Run Type for
the new run. Aspen Plus uses the Application Type you choose to automatically
set various defaults appropriate to your application.

Modeling Processes with Electrolytes 1-3
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Modeling

Electrolyte
Chemistry
To specify the Application Type and Run Type for the new run:
U Select the Electrolytes with Metric Units template.
U The default Run Type, Flowsheet, is appropriate for this session. Click OK to apply
these options.
MHew E3 I
Simulations |
Air_Separation_with_Englizh_Unitz m Petraleurn_with_k by I:E:E i
Air_Separation_with_Metric_Units m FPharmaceutical: | — Praview
Blank_Simulation m Pharmaceuticals_ Electrolytes Simulation
Chernicalz_with_E nglizh_Units m Palprners_with_E1 | with Metric Lnits ;
Chemicals_with_Metric_Units m Palyrners_with_M I‘I?dbeI?r? lﬁ:l"lhrf kmﬁ!l.-"hr,
Electroltes_with_Englizh_lnitz mPyrDmetallurgy_w EE, EUMAAT
w2 Flecholytes with Metric_Units mPyrDmetallurgy_w Froperty bethod:
'—|||E Gaz_Processing_with_Englizh_Unitz m Solids_with_E ngli ELECMRTL
Gas_F'ru:uu:Efssing_l.-\!ith_M e.tric_U hits m Su:ulids._with_hd et.ri Flow basis for input:
General_with_Englizh_Unitz m Specialy_Chemic | masz
eneral_with_Metric_Unitz m Specialy_Chermic .
. . . tream report
H_I,Idru:umetallurg_l,l_w!th_Engl!sh_Llr.'uts ampostion: Mass fow
Huydrometallurgy_with_ketric_nitz
Petroleurn_with_E nglish_nitz — Fun Type
| ﬂ IFIDwsheet j
k. I Cancel |

It will take a few seconds for Aspen Plus to apply these options.

Note If the Connect Host dialog box appears, see Appendix A.

The Aspen Plus Main window is now active.

1-4 Modeling Processes with Electrolytes
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Chapter 1

Drawing the Graphical Simulation
Flowsheet

In this session you will begin to build the process flowsheet. Since you will enter
your own block and stream IDs, you must turn off the default Create auto block 1D
and Create auto stream ID options, which provide these IDs automatically.

U From the Aspen Plus Tools menu, select Options.

The Options dialog box appears.

U Select the Flowsheet tab.

U Deselect the Automatically Assign Block Name with Prefix and the Automatically
Assign Stream Name with Prefix options.

Options
General I Cormponent D ata I Fesults View I Fiun
Startup Flowzheet | Grid/Scale I Plats

— Stream and Block labels

[~ Automatically assign block name with prefis: IB

v Display block name

[~ Bwutomatically assign stream name with prefid I

v Dizplay stream name

i Placement options

¥ Automatically place blocks when importing:

™ Lack block spacing factar at; |2.5
|1—

Label size scale factor:

Ok I Cancel Lpply Help

U Click OK to close the Options dialog box and apply the changes.

Modeling Processes with Electrolytes 1-5
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Modeling
Electrolyte
Chemistry

The process flow diagram and problem definition for this session are shown in
the process diagram: Electrolyte Chemistry on page 1-2.

O Place the flowsheet blocks and streams to create the graphical simulation flowsheet
shown below.

P [# Ve [es Dl [or Pheabasi ko= Hep

DI SR 1im) EJiI.‘lI_IiIL'I_I Gled| 20 +lels|n) )

(7] —

4]

lH_|

o |
O - - - - -

LT R | P s |—| = |_u_|

4l £1H Rosi Aot [evmim b o

Fuibey pen b (SN Forpm = rgmd by e =

. > L .
O Use Next (click the Next button N_I on the main window toolbar) to guide you to the
next required input.

The Flowsheet Connectivity dialog box appears.

U Click OK, to continue.

1-6 Modeling Processes with Electrolytes
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Chapter 1

Specifying Title, Stream Properties, and
Global Options

The Data Browser window appears. The Setup Specifications Global sheet displays
defaults Aspen Plus uses for other forms. You will use this form to give your
simulation a title, and to review the stream properties and global options that were
set when you selected the Electrolytes with Metric Units Application Type.

The Run Type box displays Flowsheet, which is appropriate for this session.

It is always good practice to describe your problem by entering a title for the
simulation.

U Enter the title Getting Started with Electrolytes — Session 1 in the Title box.

The Electrolytes with Metric Units Application Type sets the following global
defaults for electrolytes applications:

« METCBAR units (Metric units with temperature in degrees Centigrade and
pressure in bars)
« Mass Flow Basis for all flow inputs

Modeling Processes with Electrolytes 1-7
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Modeling

Electrolyte
Chemistry
To specify flows on a mole basis for this session:
U Move to the Flow basis box and click the Down arrow to display the available list for
the simulation.
0  Select Mole.
IG Specifications j |§jg I 'l (}:ll-}l ﬁ”hll 'lﬁl ) El
E-{¥] Setup \fﬁlohallJDescriplionI Accaunting | Diagnostics |
@ Specifications
& Simulation Options
0 Stear Clazs Title: IGetting Started with Electrolytes - Session 1
— Unitz of measurement — Global setting:
Input data: METCBAj Run type: Flowszheet j
[=-{¥ Components Output results: |METCEA vl Ipuit raode: Sheady-State vl
[ Properties
D"'_é] Slsams Stream clazs: COMYEM vl
&) Blocks Flow basis:
{27 Reactions Ambient pressure; EE pisi hd
#-{Z7] Corwvergence ) : ﬁ
{27 Flowsheeting Options Wl e
E]--ﬁ Model Analysiz Toolz [T Use free water calculations
H-{£3 Results Summary
Crefault flow basis for the simulation. See Help.
[Input Complete 7
Since you chose the Electrolytes with Metric Units Application Type when you
started this session, Aspen Plus has set the following defaults for calculating and
reporting stream properties:
« Flow and Fraction Basis of Mass: Aspen Plus will report the component flow
rates on a mass flow basis
« ELEC_E Stream Format: Aspen Plus formats the Stream Summary form for
electrolytes.
To review the report options specified in the selected Template:
U In the menu tree of the Data Browser window, click the Report Options form in the
Setup folder.
O  Click on the Stream tab to view the Stream sheet.
You will return to this form and specify stream properties later in this session.
To move to the next required input:
O Click Components on the Data Browser menu tree, then Specifications.
1-8 Modeling Processes with Electrolytes
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Chapter 1

Specifying Components

The Components Specifications Selection sheet appears.
The apparent (or base) components for this session are H,0, HCI, and NaOH.

Because you chose an electrolytes Application Type, water already appears on the
form.

U Enter the remaining components as shown below:

= Components Specifications - Data Browser Hi=] E&3

I@ Spedifications J -Ij.% IENG ] {}:l*l ﬁ”A" jﬁl gl@ Bl

@ Simulation Options 2]« Seleclmnl Petroleum | Monconventional | o Databanks |
- EO Options
@ Sheam Class — Define components

E g El:zztrse;tzs Companent [D Type Component name Farrmula
HZ0 Conventional BTER HZ0

HCL Conventional  [HYDROGEMN-CHLOHCL

& 0H Conventional — [MAODH h&0H

@ Report Optiong
El-{¥] Companents
@) Specifications
7] Assap/Blend |
[:l"‘:l Petro Characterization Fird Elec \wWizard User Defined Fearder
() Pgeudocomponents

- _n Atr-Comps
[+ E Herry Camps
() UNIFAL Groups
~{7) Comp-Groups
-5 Prarerties ﬂ
[Input Complete A

U  You can rename H20 to Water, by selecting H20 in the Component ID box, and typing
Water. When the Aspen Plus dialog box appears, click the Rename button.

U Click the Elec Wizard button.

The Electrolytes Wizard dialog box, for defining automatic chemistry generation,
appears.

Modeling Processes with Electrolytes 1-9
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Modeling
Electrolyte
Chemistry

The Electrolytes Wizard

You use the Electrolytes Wizard to define the ionic species and salts that can be
generated from the base components entered on the Components Specifications

Selection sheet, and to generate the reactions that occur among these components
in the liquid phase.

U  Click the Next > button on the Electrolytes Wizard dialog box.

The Base Components and Reactions Generation Option dialog box appears. In
this dialog box, there is an option (turned off) labeled Hydrogen lon type
Hydronium ion H+. Aspen Plus can treat acidic species as either H+ or H30+.
However, use of H30+ is strongly recommended, because the presence of H30+
in the solution chemistry is better able to represent the phase and chemical
equilibrium of almost all electrolyte systems.

. 33
U Move all components to the Selected components area using Move All button —l

't campare i do e sent ke powr sisciroe i paler!
Bnslsaht (e Sederwi coaedl
=
o |
Hesapgar. o R [WTCEH
& o s H0+ F Irchse sl besior
T Hpdomnin s ™ I nchuds vsba dnccsion wechon
I Inchs o famaion
Cheh M 1 by pondres
cave | casd | st 1 |

U Click the Next > button to continue.

1-10 Modeling Processes with Electrolytes
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Chapter 1

The Generated Species and Reactions dialog box appears:

Generated Species and Reactions E

— Remove any undesired generated species or reactions?

—Agquenus species Salt
MALCL(S)
NADHAS)
NADH(S)

Bemove

~ Reaction:

2H20 <===> H30+ + OH-

NACL[S) ¢===3 Mé+ + CL-

HCL + H20 <===» H30+ + CL-
NADH > NA+ + OH-

NAOH(S] <===> Néwt + OH-
NADH(S) <===> M+ + OH- + H20

& Sebup global property specifications using generated species and reactions

¢ Do not set up global property specifications, but add generated species ta
Specifications form
= Generate Ehemistny and Hermeamporents

Click Mext> to continue

Cancel < Back Mexst > Firish

Aspen Plus generates all possible ionic and salt species, and reactions for the
H20-NAOH-HCL system.

In the Reactions section in the Generated Species and Reactions dialog box,
different style arrows denote the type of reaction:

<<===>> Denotes ionic equilibrium or salt precipitation
-—->> Denotes complete dissociation

In this example, three types of reactions are generated: ionic equilibrium,
complete dissociation, and salt precipitation.

The dissociation of water and the dissociation of HCL are equilibrium reactions.
NACL precipitation/dissolution is also an equilibrium reaction. In contrast,
NAOH dissociates completely and irreversibly into NA" and OH'.

You can use the Remove button to eliminate any of the generated species and
reactions. In this session, the NaOH and the NaOH*W salts are not relevant

To remove these salts from the solution chemistry:

U Select NaOH(S) and NaOH*W(S) from the Salts list.

U Click the Remove button to the right of the Generated Reactions list.

Modeling Processes with Electrolytes 1-11
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Modeling
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Now that you have removed these salts from the Generated Aqueous Species list,

Aspen Plus automatically removes all reactions involving NaOH(S) and
NaOH*W(S) from the Reactions list.

Generated Species and Reactions [ 2] I
—Remove any undesired generated species or reactions?

—Agueous species————— [~ Salks
QOH- MACL(S)
MHé+
CL-
Ha0+

Reactionz

2 H20 <===> H30+ + OH-
MACL(S) ¢===> N+ + CL-
HCL + H20 <===> H30+ + CL-
MADH > Ma+ + OH-

¥ Set up global property specifications using generated species and reactions

™ Do not set up global property specifications, but add generated species to
Specifizations form

I | Generate Etemisty andlH enn compotents

Click Mest: to continue

Cancel < Back Mt » it

Note Any time you know that a reaction can be neglected because of
expected process conditions, you should remove it from the

solution chemistry, to decrease the execution time required for
your simulation.

U Click Next > on the Generated Species and Reactions dialog box to accept the
generated species and reactions. The Simulation Approach dialog box appears,
allowing you to choose between the true component approach and the apparent
component approach. For this problem, you use the true component approach.

1-12 Modeling Processes with Electrolytes
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Chapter 1

When you use the true component approach, Aspen Plus solves the equations
describing solution chemistry simultaneously with the unit operation equations.
The unit operations deal directly with the ions and salts formed by solution
chemistry. In addition, the true component approach defines how Aspen Plus
reports the simulation results. Results are reported in terms of the ions, salts,
and molecular components that are actually present, not in terms of the original
base components.

For example, the generated chemistry for this system specifies that NAOH fully
dissociates into NA" and OH'. If you choose the true component approach,
Aspen Plus will report NAOH flow in terms of NA" flow and OH' flow, not in
terms of the NAOH base component flow. You can request that composition and
flows also be reported in terms of the apparent (base) components. You will do
this later in this session.

O Select True component approach.

O Click Next > to move to the next dialog box.

The Summary dialog box appears, telling you what the Aspen Plus electrolytes
expert system has done.

U Click Finish to close the dialog box.

On the Components Specifications Selection sheet, Aspen Plus has now added
the generated electrolyte components. Since all components are databank
components, Aspen Plus will automatically retrieve all relevant physical property
parameters. Note that the salt NACL(S) is identified as type SOLID.

Modeling Processes with Electrolytes 1-13
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B Components Specifications - Data Browser

I!'J Specifications

E-{¥] Setup

E|_§J Companents

----- &) Specifications
-] Assaw/Blend
-] Petro Characterization
----- i Pseudocomponents
----- () Attr-Comps

(g Henn Comps

----- {1 UMIFAC Groups
~{£] Comp-Groups
-] Folymers

f-{3] Properties

- g Streams

- g Blocks

- gg| Reactions

[
[
[
[
E-{] Convergence
[
[
[
[

H-{"7) Costing

H-{"7) Flowsheeting Options
H-{77) Model Analysis Tooks
H-{75) Results Summary

Js electiunl Petraleurn | Monconyentional | o Databanks |
— Define components
Campanent 1D Type Component name Formula

H20 Carnventional ATER H20 ﬂ
HCL Conventional  |HYDROGEM-CHLOHCL
mAOH Conventional — [MADH A OH
&+ Copventional — [MA+ &+
H30+ Corventional  [H30+ H30+
MALCL[S) Salid AL rMACL
OH- Corventional — [OH- COH-
CL- Corventional  [CL- CL- vl
Firnd Elec: \Wizard User Defined Reorder |

|In|:uut Complete

. > . .
U Click the Next button N_l on the Data Browser window toolbar to continue.

The Components Henry Comps Global sheet appears, which was defined by the
Electrolytes Wizard. The Next function takes you to this form so you can see
which components have been declared as Henry’s Law components by the
Electrolytes Wizard. If you had additional Henry's Law components in your
simulation (such as nitrogen and oxygen), you would add them to the list on this

form.
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Examining Generated Chemistry

In the previous step, the Aspen Plus Electrolyte Expert System automatically
generated the chemistry definition for your problem and named it GLOBAL.

To examine the generated Chemistry:

O  Click Reactions on the Data Browser menu tree, then Chemistry, then Global.

The Reactions Chemistry Global form appears.

[ Reactions Chemistry GLOBAL - Data Browser

|@ GLoBsL J_F [ercesr =] a9 <[ =] 33| [ E

-] Setup
=g Components
&) Specifications Fieaction staichiometry

(1 Assap/Blend Feaction Type Staichiometmy

+-(C] Peto Characterization ; Equilbrium |2 H20 <> H30+ + OH-
Pzeudocamponents

Attr-Comps 2 Equilibrium  HCL + H20 <--» H30+ + CL-
+-{gg] Henry Comps MACL[S) % alt MACLIS] <> Mé+ + CL-

_) UNIFAL Groups HADH Dissociation [NADH > Nas + OH-
7 Comp-Groups

+-{_] Polymers ﬂ_l ]
+-gg] Properties
+- g Streams
+-gg] Blocks
—I-{3] Reactions
—I-{¥] Chemistry
&) GLOBAL

‘ [C7] Reactions Mew. E dit Delete
7] Convergence

¥
+-(C] Costing

+-("7] Flowsheeting Options
¥

¥

J5 tulchlumelryl «f Equilibriur Constants ]

] Model Analyzis Tools
{79 Results Surnmary j
Input Complete

O To view a particular reaction, click the Reaction and then click the Edit button.

Modeling Processes with Electrolytes 1-15
Version 10.1-0



Modeling

Electrolyte
Chemistry
The Equilibrium Reaction Stoichiometry dialog box appears, with the data for the
selected reaction that was generated by the Electrolytes Wizard.
' E quilibrium Reaction Stoichiometry
— lonic equilibrium reaction
Reaction number: 1 -
— Reactants — Products
Component Caoefficient Component Caoefficient
WATER -2 Hao+ 1
* OH- 1
*
MH> Cloze
Stoichiometric coefficient of reactant; must be negative number.
The first equilibrium ionic reaction shown is for water dissociation.
U Close the dialog box and view the other reactions using the same method.
1-16
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The optional equilibrium constant coefficients have been automatically retrieved
from the Aspen Plus reactions database. The equilibrium constants are located
on the Reactions Chemistry Equilibrium Constants sheet.

[ Reactions Chemistry GLOBAL - Data Browser | _ (O] x|
| GLOBAL J o) || [METCBAR << >> N2
&) Report Options o Staichionmetmy JEthhnum Eunslantsl
—I-{¥] Compaonents
&) Specifications E quilibriurn constants
] Aszan/Blend Caoncentration basiz for Keq: hole-Frac
+-{"] Petra Characterization o =
Psevdocomponents Temperature approach to equilibriun: C
Attr-Comps Hpdrate-check:
+ il Henry Comps E quilibrium constants far: ™ E quilibriurm reaction 1 Salt
UMIFAL Graups e .
‘ E quilibriurn reaction
7] Comp-Groups
#1-£ Polymers [1] 2H20 > H30+ + OH- =]
*-{sg] Properties B 132.89988
+-[qg] Streams _
+1-g) Blocks B: 134459 I{Kag) = & + B/T + CAn[T] + DT
3 Roactions = ecdrrs T inKelvin
- il Chermniztry o ID—
&) GLOBAL
] Reactions
* —l I:u:um.n'ergence __| l[Concentration scale of chemical equilibrium constant calculated by coefficients entered
+-(" ] Costing for equilibrium reactions and salts.
+-["] Flawsheeting Options
+.i7 badel dnalosis Tanls ﬂ

|nput Complete

The Aspen Plus reactions database contains over 600 reactions, which cover
virtually all common electrolyte applications.

O  Click on the arrow to the right of the Equilibrium reaction field to select another
equilibrium reaction and view the equilibrium constants.

The second equilibrium ionic reaction is for HCL dissociation. There are no
equilibrium constant coefficients for this reaction. Instead of calculating the
equilibrium constant directly, Aspen Plus will calculate the chemical equilibrium
from the Gibbs free energy of the participating components.

The reaction for NACL(S) precipitation and its equilibrium constant coefficients
are also available on this sheet. To view the equilibrium constants for the salt
reactions:

U Select the Equilibrium constants for: Salt option.

O Click on the arrow to the right of the Equilibrium reaction field to select any other salt
reaction and view the equilibrium constants.
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For the complete dissociation reaction of NaOH, no constants are shown. Since
this is a complete dissociation reaction, it does not require an equilibrium

constant.

If you had your own equilibrium constant coefficients, or additional reactions you
would like to include, you could enter them directly on this form.

Selecting Electrolyte Property Models

1-18

The Properties Specifications Global sheet is used to enter the thermodynamic
methods used to calculate the properties used in the simulation.

U Click Properties on the Data Browser menu tree, then Specifications.

The Properties Specifications Global sheet appears. The Electrolytes Wizard has
already completed this form:

= Propertiez Specifications - Data Browser

IH Specifications

=3 Components

- Specifications

0] Assay/Blend

i 1:| Petro Charactenization

T

() Pseudocomponents
;..---.:_,. Attr-Compsz

EE Henry Comps
- &) GLOBAL

fe 1 UMIFAC Groups

: 1:| Comp-Groups
-] Polymers

- &) Properties

@) Specifications
E Praperty Methods
t| E ztimation

1:| Walecular Structure
_‘QJ Parameters

1:| Data

1:| Analysiz

-] Prop-Sets

- Advanced

[+ 20 Shreaams

JEIDhaII Flowsheet Sections | Referenced |

Property method: IELEENFITL v|

— Property methods & models
Process type: ALL -

Wwhater zolubility:

Baze method: [ Modify property models
Henry components: Im Yapor EOS: m
— Petroleum calculation options V&t sel 1 E
Free-water method: m Liguid gamma: GMEMRTL -
ﬁ [tz et 1—5

4

Lrguidfenthalpm: |HLM=ELS |
L sl WLM=ELLC v|

¥ Eapnting comection

— Electrolyte calculation options

Chemiztry 10 IGLEIB.-‘-‘«L 'I

v Use true-companents

[} Heataf miking

Electrolyte MR TL model with R edlich-FKiwong eguation of state. For agueous and mixed
zolvent applications.

=l

|Input Complete
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The Electrolyte-NRTL activity coefficient model, ELECNRTL, is the
recommended option set for simulations with electrolytes. ELECNRTL calculates
liquid phase properties from the Electrolyte-NRTL activity coefficient model.
Vapor phase properties are calculated from the Redlich-Kwong equation of state.

ELECNRTL can represent aqueous and aqueous/organic electrolyte systems over
the entire range of electrolyte concentrations with a single set of binary
interaction parameters. In the absence of electrolytes, the model reduces to the
standard NRTL model.

Aspen Plus contains a databank of binary interaction parameters between water
and over 600 electrolyte ion pairs. If the binary interaction parameters between
any solvent and an electrolyte ion pair are missing from the databank, and you
do not provide your own values, Aspen Plus provides reasonable default values.

. > . .
U Click the Next button N_l on the Data Browser window toolbar to continue.

The Binary Interaction form appears for the binary parameters HENRY-1. Next
takes you to this form so you can see the Henry's Law parameters retrieved by
the electrolytes expert system. If you had your own Henry’'s Law parameters, you
could enter them on this form.

. > . .
U Click the Next button N_l on the Data Browser window toolbar to continue.

The Binary Interaction form appears for the binary parameters VLCLK-1. Next
takes you to this form so that you can see the Clarke density parameters
retrieved by the electrolytes expert system. If you had your own Clarke density
parameters, you could enter them on this form.

U From the Data Browser window, select Electrolyte then Pair.

The Electrolyte Pair forms define the electrolyte pair parameters: GMELCC,
GMELCD, GMELCE , and GMELCN. If you had your own pair parameters, you
could enter them on these forms.

. > . .
U Click the Next button N_l on the Data Browser window toolbar to continue.
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The Required Properties Input Complete dialog box appears:
Required Properties Input Complete E E
5o ta the Mest required step, or supply
additional properties information.

' Go o Next required input step

™ Modify required property specifications

i~ Enter property pararneters

i~ Enter raw property data

Carcel_|
Correct representation of physical properties is essential to process modeling. For
many simulations, the only physical property specification that you must provide
is the selection of an option set. This dialog box shows that the Aspen Plus
physical property system has many optional capabilities that you can use to
increase the accuracy of the physical property calculations.
Because the Aspen Plus electrolytes database has data for all components and
pairs in this simulation, you don’t need to provide any optional specifications or
data.
Now that the Components and Properties specifications are complete, you can
complete the rest of the flowsheet specifications in the same way as for
nonelectrolytes. There are no stream or block restrictions in using Aspen Plus
electrolytes. You can use all Aspen Plus unit operation models in an electrolytes
simulation.

U Click OK to move to the next required input.
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Entering Stream Data

The Streams Input form for stream HCL appears. Aspen Plus requires two
thermodynamic specifications and enough information to calculate the flow rate of
each component.

U Onthe Streams Input Specifications sheet for Stream HCL, specify the following:

Temperature 25C
Pressure 1 Bar

H20 flow value 10 kmol/hr
HCL flow value 1 kmol/hr

You entered the flow specifications for this stream in terms of the base
components (the apparent components). Although you are using the true
component approach in this problem, Aspen Plus can accept stream specifications
in terms of the apparent components as well as the true components. Aspen Plus
converts the apparent component flow specifications to true component
specifications.

. > . .
U Click the Next button N_l on the Data Browser window toolbar to continue.

The Streams Input form for stream NAOH appears.

U On the Streams Input Specifications sheet for stream NAOH, specify the following:

Temperature 25C
Pressure 1 Bar
H20 flow value 10 kmol/hr
NAOH flow value 1.1 kmol/hr

. > . .
U Click the Next button N_l on the Data Browser window toolbar to continue.
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Specifying the Flash Block

The Input Specifications sheet for block FLASH appears. For this problem, you will
specify the pressure drop and vapor fraction.

U Inthe Pressure field, enter 0 (indicating there is no pressure drop).

U Select Vapor fraction from the drop-down list. In the Vapor fraction field, enter 0.75.

. > . .
U  Click the Next button N_l on the Data Browser window toolbar to continue.

The Input Flash Options sheet for block MIX appears. As the prompt says, the
zero default pressure indicates no pressure drop, which is correct for this
problem.

. > . .
U Click the Next button N_l on the Data Browser window toolbar to continue.

A dialog box appears telling you that all required input is complete and asking if
you want to run the simulation.

Before you run the simulation, you will request that certain optional properties
be included in the stream report.

O Click Cancel, to close the dialog box without starting a run.
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Specifying Additional Stream Properties

By default, the only component properties that Aspen Plus calculates and reports
for this simulation are component mass flows. Since you are using the true
component approach, the component flows will be in terms of the components
actually present at equilibrium, not the apparent (base) components. To specify
additional properties, you will open the Setup Report Options form.

U  Click Setup on the Data Browser menu tree, then Report Options.

On the Setup Report Options Stream sheet, you specify the stream properties to
be calculated and reported. For this session you will request that component
mass fractions be calculated and reported.

U Click the Stream tab.

U Under Fractions Basis, click Mass.

You can also define additional stream properties to be calculated and reported,
using Aspen Plus Property Sets. Aspen Plus provides a number of built-in
Property Sets based on the Application Type you selected. You can also define
your own Property Sets. In this problem, you will use a built-in Property Set to
report the bubble point of each stream, and a second built-in Property Set to
report the mass fractions of the apparent components in each stream.

U Click the Property Sets button.
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The Property Sets dialog box appears.
U Select TBUBBLE and WXAPP from the Available Property Sets and move to the
Selected Property Sets using the Move button 4
[ Property Sets
— Property sets
— &vailable property setz— — Selected property setz—
WLLE - 5 TELURBEBLE
WA OLFLOMW —I
YIOLFRAC =2 |
WP <
€ |
Cloze |
Froperty set [D. Uze List to ligh exizting |Dse; or enter a new (D,
O Click Close.
O Click the Next button on the Data Browser window toolbar to continue.
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Running the Simulation

The Required Input Complete dialog box appears.

U Since you have finished entering all required input, click OK, to run the simulation.

The Control Panel appears.

As the run proceeds, status messages appear in the Control Panel. It takes about
a minute for Aspen Plus to process input specifications and perform the
simulation.

Aspen Plus has a special databank that is searched only when you use the
ELECNRTL option set, as in this session. Some physical property parameters in
this databank may be different from the parameters in the standard non-
electrolyte databanks. The values of the physical property parameters in the
special databank were determined to provide a better fit for electrolyte systems,
and are not generally applicable.

When values are retrieved from this special databank, Aspen Plus generates
messages in the Control Panel to inform you what properties are retrieved for
which components.

When the calculations finish, the message Results Available appears in the
status area at the bottom right of the main window.

U Use the vertical scroll bar to the right of the Control panel window to see the
messages.

You can now examine the results of your run.
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Examining Simulation Results

To view the results of the simulation:

U Click the Check Results button gl on the Control Panel.

The Run Status Data Browser appears, indicating that the simulation completed
normally.

O Use the Next form button il to move to the next form with results.

The Results Summary Streams form appears.

U Review the results on this form. Since this is a scrolling form, click the arrow in the
lower right corner of the form to review results that are off the screen.

[ Reszults Summary Streams - Data Browser _ (O] x|
I Shreamns j I "I El:l ﬁ”Hexults 'Iﬁl 1|Eg EI
E-G Streams Material | fiEat | BT | U] [ B | Coile 2 e | PEGENEH 4 I FI
-G Blocks
=G Results Summary
2:13:?:8 Display: : Farmat; |E|_EE_M j Streamn Tahlel
“[] Convergence
[HCL Elffuoun Ejfmi<en
Temperature C 260 109.5 B35 ﬂ
Fressure  bar 1.000 1.000 1.000
apor Frac 0.000 0.000 0.000
Solid Frac 0000 0.086 0.000
bdole Flowe  kmal/hr 11.000 E.0R1 23,200
tdasz Flow  kg'hr 216E13 141.379 440,763
F | rl AL inlaulnl O400 O ANc LI
T [

|Results Available

Since you selected the True Component approach, results for Mass Flow and
Mass Frac are in terms of true components.
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Although you specified the flow rates in terms of the apparent components

(1 kmol/hr HCL and 10 kmol/hr H20), Aspen Plus calculated the flow rates of the
true components. In stream HCL, there is only a trace of molecular HCL
remaining. Virtually all of the HCL is dissociated into H30" and CL". Since the
HCL dissociation consumes a mole of water, the overall H20 flow rate is reduced
from 180 kg/hr (10 kmol/hr) to 162 kg/hr (9 kmol/hr).

You also specified the NAOH stream in terms of apparent components

(1.1 kmol/hr NAOH and 10 kmol/hr H20). NAOH dissociates completely into NA'
and OH.. This is reflected by the complete disappearance of molecular NAOH in
this stream.

Stream HCL and Stream NAOH are added together in block MIX to form Stream
MIXED. Because water dissociation is included as one of electrolytes reactions,
MIX allows H30" and OH' to recombine to form water. The heat of this reaction
raises the temperature of Stream MIXED from 25 C (the temperature of both
inlets) to 61 C. This demonstrates that the heat of electrolyte reactions (including
the heat of mixing) is automatically included in Aspen Plus electrolytes
calculations.

Stream MIXED feeds a Flash2 block where water is boiled off. Because ions and
precipitated salts are nonvolatile, Stream VAPOR only contains pure water. As
the ions are concentrated in Stream LIQUID, the solubility limit of NACL in
water is exceeded, causing 30 kg/hr of molecular NACL(S) to precipitate.

Examine the bubble temperature for stream MIXED and stream LIQUID.
Stream MIXED is subsaturated in NACL and stream LIQUID is saturated with
NACL. Aspen Plus correctly calculates the bubble point of LIQUID (110 C) as
greater than the bubble point of MIXED (103 C), which is greater than the
boiling point of pure water at 1 bar (99.6 C).

Compare the apparent mass fractions for the liquid phase with the true
component mass fractions in stream LIQUID. Even though stream LIQUID has
precipitated NACL(S), the apparent mass fraction of NACL(S) is zero because
Aspen Plus does not consider precipitated salts to be apparent components. The
apparent mass fractions of the ions NA+, H30+, OH-, and CL- are also zero.
Precipitated salts and ions can only be true components.

Since the precipitated NACL(S) is not an apparent component, it is represented
in the apparent component approach in terms of the original species that
combined to form NACL(S): NAOH, and HCL. This is why the apparent
component basis mass fraction of NAOH is 0.209 even though the true
component basis mass fraction of NAOH is zero.

You have now viewed the most relevant results for an electrolytes simulation.

This simulation has other Results forms. You can use the browse button ﬁl to
view them, if you choose.

Modeling Processes with Electrolytes 1-27
Version 10.1-0



Modeling
Electrolyte
Chemistry

Exiting Aspen Plus

To exit from Aspen Plus:

U  From the File menu, select Exit.

O  When the dialog box appears asking if you want to save the run, select No to exit
without saving the run;
if you want to save the run, select Yes and enter a Run ID when prompted.

This simulation is delivered as backup file elecl in the online Aspen Plus
Examples Library. You can use this backup file to check your results.
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2

Modeling a Sour Water
Stripper

In this session you will use a distillation column to strip NH, and H,S from a
sour water feed stream.

You will:
« Modify the generated Chemistry
o Use the apparent component approach for electrolytes

» Define a stream property (Property Set)
« Convert the simulation from the apparent approach to the true approach

Allow about 45 minutes to do this session.
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Sour Water Stripper Flowsheet

The process flow diagram and operating conditions for this session are shown in
the Process Diagram: Sour Water Stripper. Two feed streams, one containing
sour water, the other steam, are fed to a stripper to remove CO,, H,S, and NH,
from the sour water. You will use RadFrac to simulate the stripper.

Process Diagram: Sour Water Stripper

On Stage
10

The specifications for the column are:

10 theoretical stages total (includes one for the condenser)

Distillate product as saturated vapor (partial condenser)

Initial estimate for molar reflux ratio = 25

No reboiler

Feed stream SOURWAT above stage 3

Feed stream STEAM on stage 10

Column pressure of 15 psi (isobaric)

Vary the reflux ratio and stream STEAM feed rate to achieve a bottoms product with 5
ppm (mass) of NH3 and a condenser temperature of 190 F
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Starting Aspen Plus

To start Aspen Plus:

U From your desktop, click Start and then select Programs.

U Select AspenTech, then Aspen Plus 10.1-0, then Aspen Plus User Interface.

Note If the Connect to Engine dialog box appears, see Appendix A.

The Aspen Plus Startup dialog box appears. Aspen Plus displays a dialog box
whenever you must enter information or make a selection before proceeding. In
this simulation, you will use an Aspen Plus template.

U To select the Template option, point the mouse to the Template radio button and click
the left mouse button.

O Click OK to apply this option.

The New dialog box appears.

You use the New dialog box to specify the Application Type and the Run Type for
the new run. Aspen Plus uses the Application Type you choose to automatically
set various defaults appropriate to your application.

To specify the Application Type and Run Type for the new run:

O Select the Electrolytes with English Units template.

U The default Run Type, Flowsheet, is appropriate for this session. Click OK to apply
these options.

It will take a few seconds for Aspen Plus to apply these options.

Note If the Connect Host dialog box appears, see Appendix A.

The Aspen Plus Main window is now active.
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Drawing the Graphical Simulation

Flowsheet

In this session you will begin to build the process flowsheet. Since you will enter
your own block and stream IDs, you must turn off the default Create auto block 1D
and Create auto stream ID options, which provide these IDs automatically.

U From the Aspen Plus Tools menu, select Options.

The Options dialog box appears.

U Select the Flowsheet tab.

U Deselect the Automatically Assign Block Name with Prefix and the Automatically

Assign Stream Name with Prefix options.

Options
General I Component D ata | Results YWiew | Run
Startup Flowzheet Grid#Scale | Plats

— Stream and Block labels

[ Automatically assign block name with prefis; IB

¥ Display black name

[ Automatically assign stream name with prefis I

[V Display stream name

— Placement options
v Automaticaly place blocks when importing:

[~ Lock block spacing factar at;

Label zize scale factar:

—
—

]|

o ]

Cancel Apply Help

U Click OK to close the Options dialog box and apply the changes.
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U Place the flowsheet blocks and streams to create the graphical simulation flowsheet
shown below.

T - - |

Flr Eft Y [lols Jock B Foesiodd fedes Heb

=] ) | | vl sl o) el ) +le|=|w] )

Pl sl 2 clalsl=|[% oo o] gl AlAOpo]le ) B 5
|

O Use Next (click the Next button EI on the main window toolbar) to guide you to the
next required input.

The Flowsheet Connectivity is Complete dialog box appears

O Click OK, to continue.
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Specifying Title, Stream Properties, and
Global Options

The Data Browser window appears. The Setup Specifications form displays
defaults Aspen Plus uses for other forms. You will use this form to give your
simulation a title, and to review the stream properties and global options that were
set when you selected the Electrolytes with English Units Application Type.

The Run Type field displays Flowsheet, which is appropriate for this session.

The Electrolytes with English Units Application Type sets the following global
defaults for electrolytes applications:

o ENG units (English units)
« Mass Flow basis for all flow inputs

2-6 Modeling Processes with Electrolytes
Version 10.1-0



Chapter 2

It is always good practice to describe your problem by entering a title for the
simulation. To select the template option, click the Template option button.

U Enter the title Getting Started with Electrolytes — Session 2.

B Setup Specifications - Data Browser =]
[@ Specications | |§I5 f =l <}:-|-}| <<|IAII -] >>| N-)l
-] slup Global eschption coounting iagnostics
Bl Set J o Diescripti A i Di i
@J Specificationg
&) Simulation Options
@) Stream Class Title: IGetting Started with Electiolytes - Session 2
Substreamns . .
; Urits Sets — Unitz of measuremant — Global zettings
.- @) Report Options Input data: EMNG | Run type: Flowzhest =
- (3 Components Output results: [EMNG - Imput mode: Steady-State -
F-{¥] Properties = 5 s —
g Streams tream class: CONVEM I
[ Blocks Flows basis: Mass |
[#-{*) Reactions Ambient pressure; |14.69595 psi -
- Convergence ) _ —
[]--D Flowszheeting 0 ptions el =
B Model Analysis Toals ™ Use free water calculations
B Fesults Summarny
[Input Complete i

Since you chose the Electrolytes with English Units Application Type when you
started this session, Aspen Plus has set the following defaults for calculating and
reporting stream properties:

« Flow and Fraction Basis of Mass: Aspen Plus will report the component flow rates on a
mass flow basis.
« ELEC_E Stream Format: Aspen Plus formats the Stream Summary form for

electrolytes.

To review the report options specified in the selected Template:

U In the menu tree of the Data Browser window, click the Report Options form in the
Setup folder.

O Click on the Stream tab to view the Stream sheet.

To move to the next required input sheet:

U Click Components on the Data Browser menu tree, then Specifications.
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Specifying Components

The Components Specifications Selection sheet appears.

The apparent (or base) components for this session are H20, NH3, H2S, and
CO2. Because you chose an electrolytes Application Type, water already appears
on the form.

Because the formula for ammonia is represented as H3N in the Aspen Plus
databank, you must identify NH3 by entering either the component name
(ammonia) or the formula (H3N).

g

Enter the remaining components as shown below.

[ Components Specifications -

Data Browser

|y Specifications

(O] ]

|_:_|--EI| Setup

..... 0 S pecifications

----- &) Simulation Options
..... 6 ED Optiong

----- &) Stream Class
-2 Substreams
[ Units Sets

..... 0 Report Options
E-{3] Components

----- &) Specifications
EI Aszzap/Blend

[ t' Petro Characterization

E Herm Comps
----- ) UMIFAC Groups
{7 Comp-Groups
[ Polvmers
[]---_‘QJ Properties:

[H-gg] Streams

-] Blocks

| 1125 Reartinns

JSeIecllonI Petroleum | Nonconventional |JDatabanks|

— Define component:

Component 1D

Type

Component name

Formula

y [H20

Corventional

ATER

H20

NH3

Corrventional

kAt OIM 12,

H25

Corventional

HYDROGEN-SLILF|

H25

Co2

Corrventional

CARBON-DIOXIDE

Coz

Find

Elec Wizard

Uszer Defined

Reorder | t

or Formula, See Help.

rCDmponent 10, If data are ta be retrieved from databanks, enter either Component Mame =

put Complete

=3

U Click the Elec Wizard button.

The Electrolytes Wizard dialog box, for defining automatic chemistry generation,
appears.
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The Electrolytes Wizard

You use the Electrolytes Wizard dialog box to define the ionic species that can be
generated from the base components you specified on the Components
Specifications form, and to generate the reactions that occur among these
components in the liquid phase.

U Click the Next > button.

U Move all components to the Selected components area by using the Move All button
b

O Click the Next > button to continue

The Generated Species and Reaction dialog box appears.

Generated Species and Reactions
— Remove any undesired generated species or reactionz?
—Aqueous species Saltz
NAAHS[)
MHZCOOMHA[5)
MHAHCO3(S)
H5
H30+ ll
- Reactions Remove
2 H20 ¢===+ H30+ + OH- -
H25 + H20 «===> H30+ + H5-
HS- + H20 ¢===: H30+ + 5-2
CO2+2H20 ¢===> H30+ + HCO3-
HCO3- + H20 ¢===: H30+ + CO3-2
H3M + HZ20 ¢===» MH4+ + OH-
H3M + HCO3- ¢===: NHZCO00- + H20 ﬂ

' Set up global property specifications using generated species and reactions

' Do not get up global property specifications, but add generated species to
Specifications form
™| Generate Bhemisty andHenm comporents

Click Mext> to continue

Cancel < Back RS Firarski

Modeling Processes with Electrolytes 2-9
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Aspen Plus generates all possible ionic species and reactions for the H20-NH3-
H2S-CO2 system.

In the Generated Reactions list, different-style arrows denote the type of
reaction.

<<===>> Denotes ionic equilibrium and salt precipitation
-—->> Denotes complete dissociation

For this simulation, you know that ammonium carbamate formation can be
neglected. To remove ammonium carbamate formation from the solution
chemistry:

U  Select NH2COO- aqueous species.

U Click the Remove button to the right of the Generated Reactions list.

Now that you have removed NH2COO- from the Generated Aqueous Species list,
Aspen Plus automatically removes all reactions involving NH2COO- from the
Reactions list.

The salts are also not relevant.

To remove the salts from the solution chemistry:

O Select NH4HS(S) and NH4HCO3(S) from the Salts list.

U Click the Remove button to the right of the Generated Reactions list.

Modeling Processes with Electrolytes
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| . -
| Generated Species and Reactions EHE

— Remove any undesired generated species or reactions?

—Aqueous species —Salts

OH-
MH4+
Co3-2
HCO=-
5-2
H5-
H30+

Reactions

2H20 ¢===> H30+ + OH-

H25 + H20 <===: H30+ + H5-

HS- + H20 ¢===> H30+ + 5-2

COZ + 2 H20 ¢===: H30+ + HCO3-
HCO3- + H20 <===; H30+ + CO3-2
H3MW + H20 <===» HH4+ + OH-

i Hemaove

Specifications form
™ | Genemate EfemistpandlHenmn components

¥ Set up global property specifications using generated species and reactions

™ Do not zet up global property specifications, but add generated species to

Chck Mestr to caontinue

Cancel < Back

et

Note Any time you know that a reaction can be neglected because of

expected process conditions, you should remove it from the

solution chemistry, to decrease the execution time required for

your simulation.

In this example, only ionic equilibrium reactions are generated. The remaining
six generated reactions represent partial dissociation of water, partial
dissociation of H,S to HS and S~ partial dissociation of CO, to HCO, and CO.%,

and partial dissociation of NH, to NH,".

U Click Next > on the Generated Species and Reactions dialog box to accept the

generated species and reactions.

The Simulation Approach dialog box appears, allowing you to choose between the
true species approach and the apparent component approach. For this problem

you use the apparent component approach.

Modeling Processes with Electrolytes
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When you use the apparent component approach, Aspen Plus solves the
equations describing solution chemistry as part of the physical property
calculations. Aspen Plus modifies the physical properties of the apparent
components to account for the reactions described by the solution chemistry. The
ions and precipitated salts are not seen by the unit operation models.

The apparent component approach also defines how Aspen Plus reports
simulation results. The component flow rates for ions are not reported. Instead,
Aspen Plus reports the component flow rates of the apparent components as if no
dissociation occurred.

For example, the generated Chemistry for this system specifies that H,S partially
dissociates into HS and S”. If you choose the apparent component approach,
Aspen Plus will report a value for the mole flow rate of H2S that includes
molecular H,S, HS', and S*.

U Select Apparent component approach.

U Click Next > to move to the next dialog box.

The Summary dialog box appears, telling you what the Aspen Plus electrolytes
expert system has done.

U Click Finish to close the dialog box.

On the Components Specifications form, Aspen Plus has now added the
generated electrolyte components. Since all components are databank
components, Aspen Plus will automatically retrieve all relevant physical property
parameters.

2-12 Modeling Processes with Electrolytes
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[ Components Specifications - Data Browser

|y Specifications

i -3 Units Sets

------ G Feport Options
E-{¥] Components

----- 6 Specifications
-] Assap/Blend

----- (:) Freudocomponents
----- (:} Altr-Camps

#-{3] Herry Comps

----- i) UMIFAC Groups
{77 Comp-Groups
{77 Polpmers

(g Properties

B &) Streams

B &) Blocks
E-{¥] Reactions
E-{77] Convergence
[

[

[

[

{77 Costing

{77 Flowwsheeting Options
t-{7 7 Modsl Analysis Tools
-7 Pesults Summary

B-{"] Petro Characterization

JSE'EC!IDH' Petraleum | Monconventional | o Databanks |
— Define components
Caomponent D Type Component nanme Farmula
p [HEO Corventional ATER HZ0 ﬂ
MH3 Corventional — [AMOMIA Hak
H25 Corventional  [HYDROGEM-SULFHZ2S
coz Corventional  [CARBOM-DIOXIDECD 2
MH4+ Conventional — [MH4+ MHH4+
H30+ Conventional  [H30+ H30+
HCO3- Cornventional  |HCO3- HCO3- -
Find Elec Wizard Uzer Defined Fearder |
Component |0 1f data are to be retrieved from databanks, enter either Component M ame
or Formula, See Help,

|In|:|ut Complete

. > . .
U Click the Next button N_l on the Data Browser window toolbar to continue.

The Components Henry Comps Global sheet appears for the Henry Comps group
GLOBAL, which was defined by the electrolytes expert system. Next guides you

to this form so that you can see which components have been declared as Henry's
Law components by the electrolytes expert system. If you had additional Henry’s
Law components in your simulation (such as nitrogen and oxygen), you could add
them to the list on this form.

Examining Generated Chemistry

In the previous step, the Aspen Plus Electrolytes Wizard automatically generated
the chemistry definition for your problem and named it GLOBAL.

To examine the generated Chemistry:

U Click Reactions on the Data Browser menu tree, then Chemistry, then Global.

Modeling Processes with Electrolytes
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The Reactions Chemistry Global form appears.

U To view the generated chemistry, select the Reaction and click the Edit button.

The Reaction Stoichiometry dialog box appears, with the data for the selected
reaction that was generated by the Electrolytes Wizard.

0  View the remaining reactions using the same method.

All six reactions have equilibrium constant that have been retrieved from the
Aspen Plus reactions database.

B Beactions Chemistry GLOBAL - Data Browser

[@ GLosal -l &k [mne | <= <[ =1 >| o] we

-3/ Setup JStuichiumetrﬂJEquiIihlium Constants ]
+-(3f] Components
+ i’| Properties Reaction stoichiometny
-G Streams Reaction Type S toichiometry
+ -G Blocks ——

= . 1 Equilibrium |2 H20 <-> H30+ + OH-
=] Reactions

=1-(3f] Chemistry 2 Equilibrium  |H25 + H20 <-» H30+ + HS-

@) GLOBAL 3 Equiibium  |HS- + H20 <> H30+ + 5-

{1 Reactions F] Equilbrium 002 + 2 H20 <> Ha30+ + HCOZ-
+-{" ] Convergence __
+-{ Costing 5 Equilibrium  |HCO3- + H20 <--> H30+ + CO3-
+-{"] Flowsheeting Options E Equiibriun  [MH3 + H20 <-» NH4+ + OH-
+-{7 ] Model Analysis Tools = =
+ -3 Fesults Summary J—l —

Mew... E dit Delete

[nput Complete

U Click Properties on the Data Browser menu tree, then Specifications.

The Properties Specifications form appears. The Electrolytes Wizard has already
completed this form.

2-14 Modeling Processes with Electrolytes
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[ Properties Specifications - Data Browser =]
IG Specifications j I%jg I j <::'|*| (<|I-"-\” 'I >>| L“@l N')l
-----(:} Peeudocomponents ;I JGIuhall Flowszheet Sections | Referenced |
() Ath-Comps
[—]--@ Henry Comps — Property methods & models
@ GLOBAL Property rigthod: IELECNHTL 'I
- Process bppe: ALL -
=<1 UNIFAC Groups .
lil Comp-Graups Base methad: SIS ~ | | [ Modify property models
-] Polymers Henmy companents: IGLDBAL 'I apon BN ESRK 'I
=& Properties . =
ﬂo pSpecilicatiDns — Petroleumn calculation options _ D-ata sel: ] j
w13 Praperty Methods Free-water method: [5TEAM-Te, v || | HEuE gamma: [EMENFTL |
-] Estimation ‘water solubility: 3 ,I [ata set: 1 3
(] Molecular Structurs iguid erthialy: |HLMSELS =
[ &) Parameters - i i
g Dot Electralyte calculation options Uil WLMRELD ,I
) Chemistny 1D IGLDBAL 'I
-] Analysis . .
| v Eaynting carestion
(] Prop-Sets ¥ Use tug-components -
- Advanced = Heat afimiring
[—:I_‘QJ Streams
l:' BOTTOMS rElectrUI_l,lte NRTL model with Redlich-Kwong equation of state. For agqueous and miked
E‘.QJ S_DUHW‘&T solvent applications.
i g Input
ER 1 Bezlte j
Input Complete o

U Ensure the Use True-Components box is checked.

. > . .
O Click the Next button N_l on the Data Browser window toolbar to continue.

The Binary Interaction form appears for the binary parameters HENRY-1. Next
takes you to this form so that you can see the Henry's Law parameters retrieved
by the electrolytes expert system. If you had your own Henry’s Law parameters,
you could enter them on this form.

. > . .
U Click the Next button N_l on the Data Browser window toolbar to continue.

The Binary Interaction form appears for the binary parameters NRTL-1. Next
takes you to this form so that you can see the molecule-molecule interaction
parameters retrieved by the electrolytes expert system. If you had your own
molecule-molecule interaction parameters, you could enter them on this form.

U From the Data Browser window, select Electrolyte then Pair.

The Electrolyte Pair forms define the electrolyte pair parameters: GMELCC,
GMELCD, GMELCE, and GMELCN. If you had your own pair parameters, you
could enter them on these forms.

. > . .
U Click the Next button N_l on the Data Browser window toolbar to continue.
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The Required Properties Input Complete dialog box appears:

Required Properties Input Complete I:

5o to the Mext required step, ar supply
additional properties information.

% iGo to Mext required input step

" Muodify required property specifications
€ Erter property parameters

€ Erter raw property data

Cancel |

Correct representation of physical properties is essential to process modeling. For
many simulations, the only physical property specification that you must provide
is the selection of an option set. This dialog box shows that the Aspen Plus
physical property system has many optional capabilities that you can use to
increase the accuracy of the physical property calculations.

Because the Aspen Plus electrolytes database has data for all components and
pairs in this system, you don't need to provide any optional specifications or data.

Now that the Components and Properties specifications are complete, you can
complete the rest of the flowsheet specifications in the same way as for
nonelectrolytes. You can use all Aspen Plus unit operation models in an
electrolytes simulation.

U Click OK to close the dialog box and move to the next required input.

2-16 Modeling Processes with Electrolytes
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Entering Stream Data

The Streams Input form for stream SOURWAT appears. Aspen Plus requires two
thermodynamic specifications and enough information to calculate the molar flow
rate of each component.

U On the Specifications sheet for Stream SOURWAT, enter the following specifications:

Temperature 190 F
Pressure 15 PSI
Total flow Mass 10000 LB/HR

O In the Composition box, select Mass-Frac from the list.

O  Enter the following mass fractions:

H20 0.997
NH3 0.001
H2S 0.001
CO2 0.001
[ Stream SOURWAT [MATERIAL] Input - Data Browser M=K
(@ Input 52 l|=] E S0 TR =1 1 M | i |2 ) 2
&) RETKI- ﬂ JSpeci[icationsl Flazh Options ] ] ]
&) VLCLK
=¥ Electrolyte Pair Substream name:  [f MIXED =
g EHE::ESTI State variables Compositiarn
0 GMELCE-1 |Temperature ﬂ |Mass-Frac ﬂ | J
X g GN:ELCTN:I |1 e |F ﬂ Component Walue
{7 Electrolpte Termary
£ UNIFAL Group |F'ressure ﬂ H20 p.337 i‘
1 UNIFAL Group Binary |15 | s ﬂ MH2 0.001
£ Data P Hzs ]
] Analpsis COZ 0.001
+-(¥] Prop-Sets Tatal faw: Mass - Hae
‘+ ] Advanced |1 o000 |Ib£hl ﬂ N
=1 &) Shreams
+-{" ) BOTTOMS HCO3- v|
-5 SOURWAT - | = Totah 1
&) Input
=l ,S_TEAM Lets vou select the substream name.
o Irput
.7 MAPTR a2
4| [ v
Input Complete

. > . .
U  Click the Next button N_l on the Data Browser window toolbar to continue.
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The Streams Input form for stream STEAM appears.

O On the Specifications sheet for stream STEAM, enter the following specifications:

J& STEAM

Pressure 15 PSI
Vapor Fraction 1
Composition Mass-Flow
H20 Mass flow value 2000 LB/HR

) WLCLKA _I J5 pec|[|ca[|ons| Flash Options | FE I (e = A |
m Electralyte Pair
@ GMELCC Substrean name: IJ MIXED vl
@) GMELCDA — State varables———— - Compaosition
I‘v"apor fraction j I  azz-Flow j I Ib/hr j
E Elzf;:g'tg Temary I‘I I j Component Walue
raup
2] UNIFAC Group Binar, ITemperature j r :ElDS oo ﬂ i
-] Data [15 |F =l
-0 Analygiz H25

-3 Prop-Sets CO2

é? Advanced Total flaw: Maszs hd MH4+
=] treams Ibhr -

&0 BOTTOMS ! = el

-G SOURWAT o hd

E-GA STEAM ok I Tota: [2000

£ WAPOR f
E-{el Block§ [Cets you type the component flow, fraction or concentration. See Help. [
-] Reactions
[+ P Creesnnenee at
4 4
Input Complete

. > . .
U Click the Next button N_l on the Data Browser window toolbar to continue.
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Specifying the RadFrac Block

The Blocks Setup form for block B1 appears.

To review the types of specifications that you can make for a RadFrac block:

O Use Help on the RadFrac Setup form.

U Review the types of specifications, then close the Help window when you are ready to
continue.

U Onthe Blocks B1 Setup Configuration sheet specify the following:

Number of stages 10 (9 theoretical stages and condenser)
Condenser Partial-Vapor
Reboiler None

In the Operating Specifications list, select Reflux Ratio, Mole and specify 25
as the initial estimate for reflux ratio

The Blocks B1 Setup Configuration sheet is complete:

= Block B1 [RADFRAC] - Data Browser ==k
|z B1 J -ljg IENG -] 4-|-b| ((”Input -] >>| [_]|&| N-)l
SR 3_1 JCanlgmatlunl' StreamsI-F‘ressurel J'Eondenserl Fefmier | SFhase |
G, Setup
{77 DesignSpecs — Setup options
- Vaw Pt o s
- HeatersCoolers HILEST Er = _
-7 Pumparourds Conderser Partial-W apor =1
{77) Decanters Reboiler: MNone I
=] Eff|C|e.nt:|es Walid phazes: " apor-Liquid I
- Reactions
£ CondenserHeurves Corvengence: Standard j
{77 ReboilerHcurves
£ TraySizing r— Operating specification:
- TrapRating Reflux ratio j tale j 25 j
+{77) PackSizing = = =
{T7] PackRating J J J
- Properties Free vater refluy ratio: I Feed basiz |
- @ Estimates
- Convergence -

@ Fepart . [Murber of stages, including condenser and reboiler.
- BlockOptions

@ UserSubroutines
..M Ninaric |

[Required Input Incomplete [10Stages |0 Pumparoundlzl 2

. > . .
U Click the Next button N_l on the Data Browser window toolbar to continue.
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The Blocks B1 Setup Streams sheet appears. Use this form to describe how the
streams are connected to the RadFrac block.

U  Specify that Stream SOURWAT is fed to Stage 3 with the Above-Stage Feed
convention.

O  Specify that stream STEAM is fed to Stage 10 with the On-Stage feed convention.

Because stream VAPOR is connected to the vapor distillate port, Aspen Plus
automatically assigns stream VAPOR as a vapor phase product from stage 1.
Similarly, Aspen Plus assigns stream BOTTOMS as a liquid phase product from
stage 10. The Blocks B1 Setup Streams sheet does not accept flow specifications
for distillate product or bottoms product streams.

. > . .
U Click the Next button N_l on the Data Browser window toolbar to continue.

The Setup Pressure sheet appears.

To specify that this column operates isobarically at 15 psia:

U On the first row of the form, enter a pressure of 15 PSI for Stage 1.

. > . .
O Click the Next button N_l on the Data Browser window toolbar to continue.
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The Required Input Complete dialog box appears, indicating that all required
input specifications for RadFrac Block B1 have been entered:

_.' e
Bie Ed Sew s ek B Pie Sfeckes Help

_DJEIEJ_J:I!!I!E:]!I_EH_IH_IJMLIEI! -
i = dadsife] [y oom =] g oy Y = = =

|

3 Iﬂ—ﬂlI-u! !Hl*—lmlﬁm—lmmln—-ﬁlmlhhﬁl
" ‘l:|
=

[V Hoips purm 11 I [N E R TSI RANEL ] | | ey b Gl

. ——

O Click Cancel to close the dialog box.

You can now enter optional specifications. For this column, you have two design
specifications:

Specl Concentration of NH3 in BOTTOMS 50 ppm

Spec2 Condenser Temperature 190°F

U To define the first design specification, click the Blocks B1 Design Specs folder.

The Design Specs Object Manager appears.

O Click New.

O In the dialog box that appears, click OK to accept the default ID, 1.

The Design Specs 1 form appears.

O In the Type field on the Specifications sheet, use the drop-down list and select Mass
purity, then enter the value 5.0E-6.
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You must specify where this specification is to be applied, and what component

and phase it applies to:

U On the Components sheet, select AMMONIA as the Component.

U On the Feed/Product Streams sheet, select the BOTTOMS stream.

The Design Specs 1 form is complete:

i Block B1 [RADFRAC] DesignSpecs 1 - Data Browser

[

2o 3 elsl v 7] Olo o

E Components
-] Properties
-G Streams
=& Blacks
B _zm B1

- @ Setup

I_—_I @ DesignSpecs

_ﬂ \.,"ar_lrl
6 HeatersConlers

-] Pumparounds
-] Decanters
- Efficiencies
- @ Reactions

-{Z] ReboilerHoures
-2 TraySizing
-] TravRating
-] PackSizing
{77 PackRating

- Properties
..M Fobimates

-] CondenserHourves —

+f Specifications |JCOm|:u:unent$ J'Feed/Product St[eamsl Options | F A I I

— Product streams

Available streams

Selected stream

2ol

<4

r Feed/Eroduct sfreams a: base stieans

Froduct streams to include in the specification.

[ |

|Input Complete

[105tages |0 Pumparcundfs] 2

U To define another design specification, click the Design Specs folder in the Data

Browser window.
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The Design Specs Object Manager appears again.

U Click New, then OK.

A new Design Specs form appears.

U Enter, or use List to select, the following specifications:

Type Stage temperature
Value 190 F
Stage 1

. > . .
O Click the Next button N_l on the Data Browser window toolbar to continue.

The Vary Object Manager appears. You need to define two manipulated variables
to meet the two design specifications. In this problem you will keep free the
steam feed rate and the reflux ratio specifications provided on the Blocks B1
Setup form. Aspen Plus will adjust the steam feed rate and reflux ratio to achieve
the NH, bottoms concentration specification and the condenser temperature
specification.

U To define the first manipulated variable, click New, then OK.

The Vary 1 form appears.

On the Vary 1 form, you can tell Aspen Plus which input variables you want to
keep free in order to meet the design specifications you provide.

U Enter, or use List to select, the following values:

Type Feed rate
Stream name STEAM
Lower bound 50 Ibmol/hr
Upper bound 200 Ibmol/hr

On the Streams STEAM form you specified a Mass-Flow for Stream STEAM.
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However, when you select the variable type Feed rate on the Vary 1 form,

Aspen Plus assumes the Feed rate to be on a mole basis. In this case, varying the
Feed rate on a mole basis from 50-200 (Ibmol/hr) is equivalent to varying the
Mass flow from 900-3600 (Ib/hr).

Block 1- Dala Browser . !EI.
[ J -ijg [EnG | &= <<l =] >3] Ui%! N
fgi Setup 1= JSpemflcallunsI EompaHeHs | Fesuts |

B3] Components

{¥] Properties - Adjusted variable
Streams

=3 Tupe: sed rate
©RC BOTTOMS ype: Feed rate
'—_I i?.‘i SOURMWAT Sheam name: lSTEAM *l
— Upper and lower bounds
Lower bound: a0 lbriolhr
@) Setup Upper bound: 200 lbrnalhr
#-{¥] DesignSpecs e
= Yary - Optional
R

M aximum step size: I

@ HeatersCoalers
ﬁ] Pumparounds
{7 Decanters

@) Efficiencies

Feed molar flovs rate.

] CondenserHcurves
LT RahnilartHerees ;I

|Input Complete |1DStages |EI Pumparcund(s] 4

U To define the second manipulated variable, click the Vary folder in the Data Browser
window, select New, then OK.

O Enter, or use List to select, the following values:

Type Reflux ratio
Lower bound 15
Upper bound 50

As with Feed rate, Aspen Plus always varies the reflux ratio on a mole basis,
even if you specify a Mass Reflux ratio on the Blocks B1 form.

. > . .
U Click the Next button N_l on the Data Browser window toolbar to continue.
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Aspen Plus displays the Required Input Complete dialog box, indicating that all
required specifications are complete.

U Click Cancel.

By default, Aspen Plus displays results only for stages that have feeds, products,
heaters, or a maximum or minimum flow, and for the stages immediately above
and below those stages. You will modify the default stage report so that results
are reported for all stages.

U To change the report, select Blocks B1 Report.
U Click on the Profile Options tab.

U On the Report Profile Options sheet, click the All Stages radio button.
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By default, Aspen Plus reports only temperature, pressure, total mole flows,
enthalpy, mole fractions and K-values for the selected trays. You can request
that additional properties be reported by selecting additional property sets on the
Property Options sheet.

You will specify that Aspen Plus report pH and true component mole fractions,
using two built-in Property Sets.

2-26

U Click on the Properties tab.

U On the Report Properties sheet, move PH and XTRUE from the Defined property sets

area to the Selected property sets area using the Move button

i Block B1 [RADFRAC) Report - Data Browser !EIEH

&) HeatersCoolers
{77 Pumparounds
|:| Decanters
- Efficiencies
: @ Reactions

----- |:| ReboilerHcurves
..... tl TraySizing
!::I TrayFating

1::] PackSizing
-7 ParkPahinn

----- E CondenzerHourves

[

Defined property zetz

-

FAPP il

FTRUE » |
HXDESIGN

LyOLFLOW o | <

=

Selected property sets—

iﬂ Feport .......I .ij:‘ iENG I Qﬂlﬂl ﬁ“lnput !ﬁl L_]l@l E:l
- (3] SOURWAT _I +'Property up[mns!Jthle Options | Prendn Sheams |
E| G.j STEAM
i 0 Iripat — Standard properties to be included in column profiles
: i:l VAPOR IV Include temperature, pressure, flow, enthalpy, and heat duty profiles
E‘ %élocgf ¥ Include mole fraction and K-value profiles
e a Setup V¥ Include enthalpy profile
l m DesignSpecs ¥ Include summary of companent splt fractions
E‘E Vary [ Include hydraulic parameters
s I — Property sets to be included in column profiles

PH
XTRUE

Include stagewize profiles of temperature, pressure, mole flows, enthalpies, and heat

dutiez for thiz block in column profiles,

|Input Eomplete

|1 0 Stages |IJ Pumparaund(s)

A

. > . .
U Click the Next button N_l on the Data Browser window toolbar to continue.
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Running the Simulation

The Required Input Complete dialog box appears.

U Since you have entered all required specifications, click OK to run the simulation.

The Control Panel appears.

As the run proceeds, messages appear in the Control Panel. It takes a few
minutes for Aspen Plus to process input specifications and perform the
simulation.

As in session 1, Aspen Plus displays messages indicating that some properties
have been retrieved from a special databank.

When the calculations finish, the message Results Available appears in the
status area at the right of the main window toolbar.

U When the message Results Available appears in the toolbar, close the Control Panel
by clicking the Close button.

You can now examine the results of your run.
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Examining Simulation Results

Aspen Plus generates many results for this simulation. You can examine any
results of interest to you. This session guides you through a review of some of the
simulation results.

To view RadFrac results:

00 On the graphical simulation flowsheet, select the RadFrac block.
O To display the block shortcut menu, right-click inside the RadFrac block.

O Select Results from the menu.

The Blocks B1 Results Summary Summary sheet appears. This sheet reports the
flows, temperatures, and duties for the top and bottom stage of the column.

[ Block B1 (RADFRAC) Results Summary - Data Browser M= E
| Resultz Summary j I t:,‘ | ﬂ << ||Rest: 7| 23| [ N>
-3 Streams Summary l Balance ] Split Fraction ] ]
-3 Blocks
=@ B1 Wiew: |E0ndenser / Top stage ﬂ Basiz: Mol =
+1-(# Design Specs
-] Wary Condenser / Top stage performance
Results Summary Temperature: |189.99981E |F ﬂ
Profiles _ -
Stromm Fosulls Heat duty: [1459634  [Brustr =]
-3 Results Summary Subcoalzd duty: | | =]
Dristillate rate: | | J
Rieflux rate: | | J
Rieflu ratio:
Free water distillate rate: | | J
Free water refli ratio:
Select view option.
Fiesults Avallable 10 5tages |0 Pumparound(s)

U  Click the browse forward button ﬁl to move to the next form with results.
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The Balance sheet appears. The block is in mass balance, but is not in enthalpy
balance, because heat is being removed from the RadFrac block in the condenser.
The enthalpy would have balanced if you had assigned a heat stream to the
condenser duty.

A summary of the results of the design specifications is located on the Design
Specs Results sheet. This sheet reports the specified values and the final values
for all of the design specifications. To view these results:

U Click the Design Specs folder in the Data Browser window.

U Click the Results tab to view the Design Specs results.
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A summary of the results of the manipulated variables is located on the Vary
Results sheet. This sheet reports the specified bounds and the final values for all
of the manipulated variables. To view these results:

O Click the Vary folder in the Data Browser window.

O Click the Results tab to view the Vary results.
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The Profiles Compositions sheet lists the mole fractions of each component for
every stage. Since you chose the apparent component approach for this
simulation, only the apparent components are reported. To view these results:

U Click the Profiles folder in the Data Browser window.

U Click the Compositions tab to view the results.

U  Click the View list box and select Liquid.
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The Profiles Properties sheet reports the actual composition of molecular
components and ions. To view these results:

U Click the Properties tab.
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Consider the results for Stage 1. The true composition of NH3 and NH4+ sum to
0.03147 on Stage 1. This value is slightly different from the apparent mole
fraction of NH3 reported on the Compositions sheet: 0.03138. This slight
difference is caused by the solution chemistry.

In general, the total number of moles is not conserved by solution chemistry. In
this simulation, the fourth equilibrium reaction consumes 3 moles of reactants
and generates two moles of products:

CO2 + 2H20 <<===>>H30+ + HCO3

The total number moles on an apparent component basis will be different from
the total number of moles on a true component basis. Thus X, (apparent basis)
is not exactly equal to X,,,; (true basis) + X,... (true basis).
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The liquid composition of apparent NH3 on stage 1 is:

Xy = 0.0314

U Click the Compositions tab.

O Click View and select Vapor.

The vapor composition of apparent NH3 on stage is:
Yws = 0.2112
From these two values, you can calculate a K-value for NH3 on stage 1:

K = Y/ Xaws = 6.73

U On the Blocks B1 Profiles form, click the K-Values tab.
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The K-value for NH3 on stage 1 is 6.73. These results demonstrate that when you
use apparent components, Aspen Plus also reports the K-values calculated by
RadFrac (or any flash) on an apparent basis.

U Close all open windows.
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Converting to True Components

Choosing between the true component approach and the apparent component is a
matter of personal preference. For all problems, the simulation results should be
equivalent. To demonstrate this, you will convert this simulation from the
apparent component approach to the true component approach.

To convert the simulation to the true component approach, you must tell
Aspen Plus to use the true component approach, and you must adapt the Design
Spec in the RadFrac block (5 ppm mass apparent NH3 in the bottoms).

To tell Aspen Plus to use the true component approach:

U From the Aspen Plus Data menu, select Properties.

U Select the Use True-Components check box.

For the RadFrac block, you entered a desired specification of 5.0 ppm (mass) of
apparent NH3 in the bottoms. However, this specification is incorrect for the true
component approach, because a significant portion of the apparent NH3 is
present as NH4",

To revise the RadFrac design specification to apply to the apparent composition
of NH3:

U On the graphical simulation flowsheet, select the RadFrac block.
U To display the block shortcut menu, right-click inside the RadFrac block.
U Select Input from the menu.

U Click the Design Specs folder in the Data Browser window.

The Design Spec Object Manager appears.

U Select Design Spec ID 1, and click Edit.
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The Design Spec Specifications sheet appears. You will modify Design Spec 1 to
specify a stream property for the apparent mass fraction of NH3.

U In the Type field, use the drop-down list and select Property value to replace Mass

purity.

O In the Value field, enter 5.0E-6.

U In the Property set field, right-click and select New from the list.

0 Enter XNH3APP as the New property set.

0 Click OK.

O Click on the Feed/Product Streams tab.

O On the Feed/Product Streams sheet, move the BOTTOMS stream from the Available

streams area to the Selected stream area using the Move button ;I
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U Click the Next button to move to the next required input.
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The Properties Prop-Sets XNH3APP form appears.

Aspen Plus will use this Property Set to calculate the apparent mass fraction of
NH3 in the liquid phase.

U Click on the Search button.

U In the Search Physical Properties dialog box, type apparent component mass
fraction in the field and click on the search button.

U Select Apparent component mass fraction alias WXAPP from the list of Physical
property names that appears.

U Click on the Add button.

0 Click on the Ok button.

U  Click on the Qualifiers tab.

[ Click in the Phase field on the Qualifiers sheet, and select Liquid from the list.
0  Click in the Component field, and select NH3 from the list.

. > . .
U Click the Next button N_l on the Data Browser window toolbar to continue.

The Required Properties Input Complete dialog box appears.

U Click OK.
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Running the True Component Simulation

A dialog box appears telling you that all specifications are complete and the
simulation can be run.

U  Click OK.

When the calculations finish, the message Results Available appears in the
status area at the right of the Main Window toolbar.

U Close all open windows, and the Control Panel.

To view selected results of the true component simulation:

O On the graphical simulation flowsheet, select the RadFrac block.

U To display the block shortcut menu, right-click inside the RadFrac block.
U Select Results from the menu.

O Click the Profiles folder in the Data Browser window.

U Click the Compositions tab to view the results.

O  Click the View list box and select Liquid.
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This form reports the liquid phase mole fraction for all components, including the
ions. Stage 1 reports the following compositions:

X e = 0.02093
X s = 0.01054

U Select Vapor from the View field in the upper left corner of the sheet.
Note that all ions have a mole fraction of zero in the vapor phase. Stage 1 reports
the following composition:
Y s = 0.21115
From these values, a stage 1 K-value for NH3 can be calculated.

K =Y s/ Xuns = 10.09

U On the Blocks B1 Profiles form, click the K-Values tab.

On stage 1, the reported K value for NH3 matches the value you just calculated.
This demonstrates that when true components are used, the K-values calculated
by RadFrac (or any flash) are also reported on a true basis.

Note that the K-value calculated in the apparent simulation is not equal to the
K-value calculated in the true simulation due to the partial dissociation of
ammonia.

The table below compares a number of the values calculated in the true
component simulation and the apparent component simulation.

Apparent True
Condenser duty (BTU/HR) -1.46E6 -1.46E6
Condenser Temperature (F) 190 190
Bottom Stage Temperature (F) 213 213
Steam Feed Rate (lb/hr) 1787 1787
Molar Reflux Ratio 29.5 29.4

All values are virtually identical. This demonstrates that the results calculated
by the true approach and the apparent approach are equivalent, even if they are
not numerically equal.
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Exiting Aspen Plus

To exit from Aspen Plus:

U  From the File menu, select Exit.

U  When the dialog box appears asking if you want to save the run, select No to exit
without saving the run;
select Yes if you want to save the run, and enter a Run ID when prompted.

This simulation (using the apparent approach) is delivered as backup file elec2 in
the Aspen Plus Examples Library. You can use this backup file to check your
results.
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Appendix A

A Connecting to the
Aspen Plus Simulation
Engine

If either of the following conditions exist, you will be prompted to specify the host
computer for the Aspen Plus simulation engine after you start the Aspen Plus
User Interface:

e The simulation engine is not installed on your PC.
e The simulation engine is installed on your PC, but the Activator security
device is not connected to your PC.

In these cases, the Connect to Engine dialog box appears.

O Click the Server Type list box and select the type of host computer for the simulation
engine.

If you choose Local PC as the server for the simulation engine, you do not need to
enter any more information into the dialog box.

0 Click OK to continue.

If you choose UNIX host, OpenVMS host, or Windows NT server as the server for
the simulation engine:

O Enter the node name of the computer on which the Aspen Plus simulation engine will
execute.

O Enter your User Name, Password, and Working Directory, and click OK.

When the network connection is established, a message box appears saying
Connection Established.
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If the Connection Established message does not appear, see your Aspen Plus
system administrator for more information on network protocols and host
computers for the Aspen Plus simulation engine.
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