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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 HzS, NHs, CO2, HCN,
sometimes with additional solvents

Aqueous amines for gas sweetening. Water containing DGA, MEA, DEA, or
MDEA for the removal of H2S and CO2

Aqueous acids or bases. HCl, HBr, H2SO4, HsPO4, HNOs, HF, NaOH, KOH,
and others, in aqueous solution, sometimes with additional solvents

Salt solutions. NaCL, KCI, Na2S0O4, CaSO4, CaCOs 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 Getting Started Modeling Processes with Electrolytes
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Sessions in this Book

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

e Solutes
e Jons
e Salts

e Types of reactions in electrolyte solution chemistry
¢ Complete dissociation
e Partial dissociation (equilibrium reaction)
e Salt precipitation (equilibrium reaction)
¢ Automatic Chemistry generation
¢ Recommended physical property methods for electrolytes
e Methods for calculating and reporting electrolyte systems
e True component approach
e Apparent component approach
e 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.

Getting Started Modeling Processes with Electrolytes
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For More Information

viii

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

Aspen Plus Installation Guide for Windows This guide provides instructions on
installation of Aspen Plus.

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 Getting Started Modeling Processes with Solids This tutorial
includes several hands-on sessions to familiarize you with simulating systems
containing solids 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.

Getting Started Modeling Processes with Electrolytes
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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:

o Unit Operation Models

o Physical Property Methods and Models
o Physical Property Data

o User Models

o System Management

o System Administration

o Summary File Toolkit

o Input Language Guide

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 AspenTech customers with a valid license and software
maintenance agreement can register to access the Online Technical Support
Center at http:/support.aspentech.com/

This web support site allows you to:

e Access current product documentation

e Search for tech tips, solutions and frequently asked questions (FAQs)
e Search for and download application examples

e Submit and track technical issues

e Send suggestions

e Report product defects

e Review lists of known deficiencies and defects

Getting Started Modeling Processes with Electrolytes ix
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Registered users can also subscribe to our Technical Support e-Bulletins. These e-
Bulletins are used to proactively alert users to important technical support

information such as:
e Technical advisories

e Product updates and Service Pack announcements

The most up-to-date contact information for your nearest support office is also
available on AspenTech's web page at http:/support.aspentech.com/

The following contact information was current when this product was released:

If you are located in:

Phone Number

Fax Number

E-Mail Address

North America & the Caribbean

+1-617/949-1021

+1-888/996-7001
(toll free)

+1-617/949-1724

support@aspentech.com

South America
(Argentina office)

(Brazil office)

+54-11/4393-5308
+55-11/5012-0321

+54-11/4394-8621
+55-11/5012-4442

tecnoba@aspentech.com

tecnosp@aspentech.com

Europe, Gulf Region, & Africa

(Brussels office)
(UK office)

+32-2/724-0100
+44-1223/312220

+32-2/705-4034
+44-1223/366980

atesupport@aspentech.com

Japan

+81-3/3262-1743

+81-3/3262-1744

atjsupport@aspentech.com

Asia & Australia
(Singapore office)

+65/295-83-30

+65/295-83-25

atasupport@aspentech.com
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Chapter 1

Modeling Electrolyte
Chemaistry

In this simulation mix and flash two feed streams containing aqueous
electrolytes.

You will:

Define electrolyte components

Use the Electrolytes Expert System
Examine Chemistry data

View electrolytes databank parameters

Use the true components modeling approach

Allow about 45 minutes to do this simulation.

Getting Started Modeling Processes with Electrolytes
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Modeling
Electrolyte
Chemistry

Electrolyte Chemistry Flowsheet

The process flow diagram and operating conditions for this simulation 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 NaCl to precipitate. Use the
MIXER model for the mixer and the FLASH2 model for the flash.

FLASH

FLASH2

Electrolyte Chemistry

1-2 Getting Started Modeling Processes with Electrolytes
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Chapter 1

Starting Aspen Plus

To start Aspen Plus:
1. From your desktop, select Start and then select Programs.
2. Select AspenTech, then Aspen Plus 10.2, 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, use an Aspen Plus template.

To select the Template option:

1. Select the Template radio button and click L

The New dialog box appears.

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.

Getting Started 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:
1. Select the Electrolytes with Metric Units template.
Note  The default Run Type, Flowsheet, is appropriate for this
simulation.
2. Click to apply these options.
Mew
Perzopal  Simulations |
Air Separation with English Units m Petraleurn with kMetr LY
Ajr Separation with Metric Units m Pharmaceuticals wit = Praviem
Blank. Simulation m FPharmaceuticals wit Electralytes Simulation
Chermizals with English Unitz m Polprmers with Englis| | with Metric Lnits ;
Cherizals with Metric Units [0 Palymers with Matric rl-:*lah*lbl?rf };ﬁ:h’f kmﬂa’hr,
Electrolptes with Englizh Units m Pyrometallurgy with EEL LA
‘Electrolytes with Metric Units m Purometallurgy with Property Method;
'—|||E Gaz Proceszing with English Uritz m Solidz with Englizh L ELECHRTL
Gas Processing with Metric Units m Solids with Metric L g e for input
General with Englizh Uitz m Specialty Chemicalz | pazs
General with bMetric Unitz m Specialty Chemicals .
. - . tream report
Hydrarmetallurgy w!th Engl!sh Llr.1|ts compasition: Mass flaw
Hydrarmetallurgy with bMetric Units
Petroleurn with English Units —RunType———
| _'I IFIDwsheet j
] I Cancel |
It takes a few seconds for Aspen Plus to apply these options.
Note Ifthe Connect Host dialog box appears, see Appendix A.
The Aspen Plus window is now active.
1-4 Getting Started Modeling Processes with Electrolytes
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Chapter 1

Drawing the Graphical Simulation
Flowsheet

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

1. From the Aspen Plus menu bar, select Tools and then select Options.
The Options dialog box appears.

2. Select the Flowsheet tab.

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

Options |
General I Component Data I Rezults YWiew I Run
Startup Flowshest | Grid/Scale I Plaks

— Stream and Block labels
[T Automatically assign block name with prefis: ]

¥ Dizplay block name

L

™ Automatically assign stream name with prefis?

¥ Display stream name

— Placement optionz

¥ Automatically place blocks when importing:
[™ Lock block spacing factar at: 25

Label zize scale factor:

— Default Drawing options

11

Line Thickness:

k. I Canicel Apply | Help |

Getting Started Modeling Processes with Electrolytes
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Modeling

Electrolyte
Chemistry
4. Click == to close the Options dialog box and apply the changes.
The process flow diagram and simulation definition for this simulation are
shown in the process diagram: Electrolyte Chemistry on page 1-2.
5. Place the flowsheet blocks and streams to create the graphical simulation flowsheet
as follows:
M Process Flowsheet Window M=l
" HIL WAPOR c
s FLASH
o NATH MIXED
MIXFE. BLAFH?
Liguip s
<] | bl
6. Click El to guide you to the next required input.
The Flowsheet Complete dialog box appears.
7. Click 4 to continue.
1-6 Getting Started 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 sheets.

Use this sheet 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 template.

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

It is always good practice to enter a title for the simulation.

1. In the Title field, enter Getting Started with Electrolytes - Simulation 1.

The Electrolytes with Metric Units application type sets the following
global defaults for electrolytes applications:

e The Input data and Output results fields are populated with
METCBAR units (Metric units with temperature in degrees
Centigrade and pressure in bars)

e The Flow basis field is populated with Mass for all flow inputs

Getting Started Modeling Processes with Electrolytes

Version 10.2

1-7




Modeling
Electrolyte
Chemistry

1-8

1. At the Flow basis field, click EI and select Mole.

To specify flows on a mole basis for this simulation:

i Setup Specifications - Data Browser

IG Specifications

— SB[ o el s =

IS[=1 B3

-} Specifications
@ Simulation Options
0 Stream Class
1:| Subshreams
E Units Setz

@ Report Optiots
-] Components

i3] Properties

- g Streams

- gg] Blocks

t-{" ] Reactions

t-{" ] Coreergence

t-{"7] Flowsheeting O ptions
t-{7 ] Model Analysis Tools
H-{7 ) Results Summary

[y OO OO OO e O s O s IO oy IO e O P

=3 Setup =

Title:

Input data;

Output results:

JEIuhaIlJDescriptiDnl Accounting | Diagnostics |

— Units of meazurement

METCEA 'I

METCE, 'I

— Global zettings
Fun type:
|nput mode:
Stream class:
Flow baszis:
Arnbient prezsure:
Sbrent emp:

Walid phases:

Flowzhest j
Steadp-State j
CONVEN =l
14.69595 psi

50 F

[~ Use free water calculations

Ledleled

[ efault flow basis for the simulation. See Help.

Based on the Electrolytes with Metric Units template, Aspen Plus
displays the following defaults for calculating and reporting stream

properties:

e Flow and Fraction Basis of Mass: Aspen Plus will report the
component flow rates on a mass flow basis

¢ ELEC_E Stream Sheetat: Aspen Plus sheetats the Stream Summary
sheet for electrolytes.

1. From the Data Browser, select the Setup Report Options sheet.

2. Select on the Stream tab.

To review the report options specified in the selected template:

Note  You will return to this sheet and specify stream properties
later in this simulation.

Getting Started Modeling Processes with Electrolytes
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Chapter 1

To move to the next required input:

1. From the Data Browser, select the Components folder and then select Specifications.

Getting Started Modeling Processes with Electrolytes
Version 10.2
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Specifying Components

1-10

The Components Specifications Selection sheet appears.

The apparent (or base) components for this simulation are H20, HCL, and
NaOH.

Note  Because you chose an electrolytes template, water already
appears on the sheet.

1. Enter the remaining components (HCL and NAOH) as following:

H20 Water
HCL Hydrogen-Chloride
NAOH NAOH

i Components Specifications - Data Browser

= Setup = JSeIeclmnl Petroleum | Maonconventional |JDatabanks|

i@ Specifications
G Simulation Options — Define compongnts
------ @) Stream Class

Subst
:% uﬂni rse;t;"s Hz0 Corventional  [WATER Hz0

...... G Fieport Options HCL Conventional  HYDROGEM-CHLOHCL
B3 Companents y [NAOH Comventional — [MAOH MAOH
----- &%) Specifications
~{7] Assaw/Blend Fiid
{77 Petro Characterization

----- ) Pseudocomponents
----- () Attr-Comps

|:| Henry Comps by
----- () UNIFAC Groups
{7 Comp-Graups Find Elec ‘wizard Uzer Defined Reorder
[-{¥] Comp-Lists
#-7] Polymers
H-{¥] Properties
=) _QJ Streams

_QJHEL . LI

Input Complete o

Caormpanent [0 Type Component name Formula

To rename H20 to water:

1. In the Component ID field, select H20 and enter Water.

Getting Started Modeling Processes with Electrolytes
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Chapter 1

When the Aspen Plus dialog box appears, click

Elec ‘Wizard

Click

Rename

The Electrolytes Wizard dialog box appears.

Note  Use this wizard for defining automatic chemistry

generation.

Getting Started Modeling Processes with Electrolytes

Version 10.2
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Modeling
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Chemistry

The Electrolytes Wizard

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.

Mext
1. From the Electrolytes Wizard dialog box, click .

The Base Components and Reactions Generation Option dialog box
appears. In this dialog box, there is an option (turned off) labeled
Hydrogen Ion 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 H3O+ in the solution chemistry is better able to
represent the phase and chemical equilibrium of almost all electrolyte
systems.

5
2. Click to move all components in the Available components column to the
Selected components column.

Base Components and Reactions Generation Option EHE

—What components do you want for your electralyte system?
Livailable components Selected components
H20

3 HCL

~ [l

<

— Hydragen ion type Optior
' Hydronium ion H30+ ¥ Include salt farmation
f" Hydrogen ion H+ [ Include water dizzociation reaction

™ Include ice farmation

Click Mest » to continue

Cancel < Back Mext > Eiristy

1-12 Getting Started Modeling Processes with Electrolytes
Version 10.2




Chapter 1

MHext =
3. Click to continue.

The Generated Species and Reactions dialog box appears:

| Generated Species and Reactions EHE
— Remove any undesired generated species or reactions?
A i alt
{ MACLIS]
MNAOHWS)
NAOH(S]
— Reaction: Remowe

2H20 === H30+ + OH-

NACL[S) < ===> N+ + CL-

HCL + H20 <===> H30+ + CL-
NAQH - N+ + 0H-

NAOH(S) <===> Mé+ + OH-
NAOHWIS) {===> MNA++ OH- + H20

% Set up global property specifications using generated species and reactions

" Do not et up global property specifications, but add generated species to
Specifications farm
[T Gerierate Bhemisti atd Henm comparnsnts

Click Mest> to continue

Cancel | < Back I Mext > | Firiizh |

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 following reaction types:

<<===>> 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.

Bemove
Click to eliminate any of the generated species and reactions.

Note In this simulation, the NaOH and the NaOH*W salts are
not relevant.

Getting Started Modeling Processes with Electrolytes 1-13
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Modeling
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To remove these salts from the solution chemistry:

1. From the Salts list, select NaOH(S) and NaOH*W(S).

> oo Lo

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 Speciez and Reactions H |
— Remove any undesired generated species or reactions?

—Afqueols species — Saltz
0OH- MACL[S)
&+
CL-
Ha0+

Reactions

2 H20 <===> H30+ + OH-
NALL(S) ¢===> N+ + CL-
HCL + H20 ¢===> H30+ + CL-
NADH - Néw + OH-

¥ Set up global property specilications using generated species and reactions

" Do not zet up global property specifications, but add generated species ta
Specifications form

™| Generate Chemistnand Henn campanents

Click Mest: to continue

Cancel ¢ Back M et > izt

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

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

1-14 Getting Started Modeling Processes with Electrolytes
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Chapter 1

et
3. On the Generated Species and Reactions dialog box click 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.

4. Select the radio button next to the True component approach field.

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 sheeted 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 simulation.

Mext
5. Click to move to the next dialog box.

The Summary dialog box appears, providing Aspen Plus electrolytes
expert system information.

6. Click 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 automatically retrieves all relevant
physical property parameters. Note that the salt NACL(S) is identified as
type Solid.

Getting Started Modeling Processes with Electrolytes 1-15
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1-16

B Components Specifications - Data Browser

Iﬂ Specifications

E-{¥] Setup

EI_‘GJ Companents

----- &) Specifications
-] Assay/Blend

E-{77) Petra Characterization
----- i) Pseudocomponents
----- (:) Attr-Comps

EEI---_I‘GJ Henry Comps

----- i1 UMIFAC Groups
~{£] Comp-Groups

Eﬂ--ﬁ Palymers

E-{¥] Properties
H-{g] Streams
H-{g] Blocks
[EI---_‘QJ Reactions
[EI--1:| Corvergence
[

[

[

[

H-{"7) Costing

H-{"7) Flowsheeting Options
H-{"7) Model Analysis Tools
{75 Fesults Summary

JSelecliunl Petraleurn | Moncanventional | o D atabanks |
— Define components
Caomponent D Type Component name Formula

H20 Carventional ATER H20 ﬂ
HECL Conventional  |HYDROGEM-CHLOHCL
M&OH Corwventional  |HAOH M&OH
M+ Corrventional — [MA+ M+
H20+ Corrventional  [H30+ H20+
MACLIS) Salid AL P AL
OH- Corrventional — [OH- OH-
CL- Corrventional — [CL- CL- -l
Fird Elec ‘Wizard Izer Defined Rearder |

|In|:uut Complete

7. Click IE' to continue.

The Components Henry Comps Global sheet appears, which was
defined by the Electrolytes Wizard. Use this sheet to 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 sheet.
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Examining Generated Chemistry

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

To examine the generated Chemistry:

1. From the Data Browser, select the Reactions folder.

2. From the Reactions folder, select Chemistry and then Global.

The Reactions Chemistry Global sheet appears:

i Reactions Chemistry GLOBAL - Data Browser

|@ GLoBaL = B [mercear =] S]] <[ =] >3] || e

=M Setup JStnichiumetlylJEquiIihrium Cornstants I

-] Components

@ Properties — Reaction stoichiometry

_‘:GJ Streams Feaction Type Staichiometiy

2)-{ap) Blocks i Equiibriom 220 <> Had+ + OF-

-] Reactions
E‘E Chemistry 2 Equilibrium  [HCL + H20 <--> H30+ + CL-
&) GLOBAL MACLIS] Calt MACL[S] <~ Mé+ + CL-
~-{1] Reactions NADH Dissociation [NADH > Na+ + O

H-{"7) Convergence

H-{" ] Flowsheeting Options 1 | | ﬂ

t-{"7) Model Analyziz Tools
7-{77) Results Summary

[ I B B

Mew... Edit | Delete |

Input Complete o

To view a particular reaction:

Edit

1. Select a Reaction and click
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The Equilibrium Reaction Stoichiometry dialog box appears, with the

data for the selected reaction.

— lonic equilibrium reaction

' E quilibrium Reaction Stoichiometry

Reaction nurmber: o1 -
— Reactantz — Productz
Companent Coefficiert Component Coefficient
WATER -2 Had+
% OH-
*
M> Cloze

Stoichiometnic coefficient of reactant; must be negative number.

The first equilibrium ionic reaction shown is for water dissociation.

Close the dialog box and view the other reactions using the same steps.

Select the Equilibrium Constants sheet.

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.
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il Beactions Chemiztry GLOBAL - Data Browser [ _ [O] x|

|@ GLoBAL

E-{¥] Setup
-] Components

(] Blocks
EE Reactions
¢ = Chemisty

-{77) Reactions

{71 Convergence

{Z71 Flowsheeting Options
{77 Model Analysiz Tools
t| Results Sumnmary

o Stoichiometry  +'Equilibrium Ennstantsl

— Equilibrium constants

Concentration baziz for Ken: tole-Frac n
Temperature approach bo equilibrium: D—IE
Hydrate-check: m
E quilibriurn constants far: & Equilibriurn reaction " Salt

r— E quilibriurm reaction
[11 2H20 - H30+ + OH- =]

B [132.33338

[134453 IniKeg] = & + B/T + Cn(T) + DT
|-22. 473 T in Kelvin

[0

Concentration scale of chemical equilibrium constant caleulated by coefficients entered
for eguilibrium reactions and =alts.

2 0w

Input Complete

4

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

Click IEI 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:

At the Equilibrium constants for field, select the radio button next to the Salt field.

2. Click EI to the right of the Equilibrium reaction field to select any other salt reaction

and view the equilibrium constants.

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.
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Note

If you had your own equilibrium constant coefficients, or
additional reactions you would like to include, enter them

directly on this sheet.

Getting Started Modeling Processes with Electrolytes
Version 10.2




Chapter 1

Selecting Electrolyte Property Models

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

1. From the Data Browser, select the Properties folder and then select Specifications.

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

Iﬂ Specifications J -Ijg I | {}:Ilﬁl ﬁ”.&.ll |£| [_Il@l EI

E-{#] Components JEIDhaIl Flowshest Sections I Feferenced I

----- ®) Specifications
-] Assay/Blend — Property methods & models —————

El"t_l Petrn Characterization Process tupe: o = Froperty method: IELEENHTL vl
----- 1 Pzeudocomponents .
_____ ) BtrComps Base methad: SIS -| | T Modify property models

=¥ Henty Comps Henry companents: IGLDBAL "I apar B ESRE. 'l

- GLOBAL : [T =

_____ O g\llFﬂE Groups — Petroleurn calculation options _ D.ata st 1 3
£ Camp-Graups Free-water method: |5 TEAM-T4A 'I Liqud gammar | GMENRTL T

{7 Polymers W ater solubility; 3 'I Wataset 1 E

EI"-“GJ Propeities Lrguidlenthialipm: {HLM=ELT |

4

------ Specifications — i i
V] Electralyte calculation optiohs Liquid volume: VLMRELD
I ] Property Methods .
; N Chemiztry L IGLDBAL 'I
("] Estimation : .
] ~ Eayrting corection
E-{77] Malecular Structure b WV Use tue-companerts -
- &) Parameters ™| Heat of mixing
1:| Data
""" (2] Analysis Elzctralyte MRTL model with Redlich-Kwong equation of state. For aqueous and mised
. (] Prop-Sets zolvent applications.
-] Advanced
#7550 Sheams ;I
|In|:|ut Complete &

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.
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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 values, Aspen Plus provides
reasonable default values.

Click El to continue.

The Binary Interaction HENRY-1 sheet appears.

Use this sheet to view the Henry's Law parameters retrieved by the
electrolytes expert system. If you had your own Henry's Law parameters,
enter them on this sheet.

Click IE' to continue.

The Binary Interaction VLCLK-1 sheet appears.

Use this sheet to view the Clarke density parameters retrieved by the
electrolytes expert system. If you had your own Clarke density
parameters, enter them on this sheet.

From the Data Browser, select the Electrolyte Pair folder.

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

Click IE' to continue.

The Electrolyte Pair GMELCC-1 Input sheet appears.

Click IE' to continue.

The Electrolyte Pair GMELCD-1 Input sheet appears.

Click IE' to continue.

Getting Started Modeling Processes with Electrolytes
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The Electrolyte Pair GMELCE-1 Input sheet appears.

Click El to continue.

The Electrolyte Pair GMELCN-1 Input sheet appears.

Click El to continue.

The Required Properties Input Complete dialog box appears:

Required Properties Input Complete |

3o to the Mest required step, or supply
additional properties information.

% Go bo Next required input step

" todify required property specifications
™ Enter property parameters

™ Enter 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 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,
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. Use all Aspen Plus unit operation models in an
electrolytes simulation.

Ok
10. Click to move to the next required input.
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Entering Stream Data

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

1. On the Streams HCL Input Specifications sheet, enter 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 simulation, 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.

2. Click IE' to continue.

The Streams NAOH Input sheet appears.

3. On the Streams NAOH Input Specifications sheet, enter the following:

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

4. Click IE' to continue.
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Specifying the Flash Block

The FLASH Input Specifications sheet appears. For this simulation, specify
the pressure drop and vapor fraction.

1. In the Temperature field, click EI select Vapor fraction, and then enter 0.75.

2. Inthe Pressure field, enter O (indicating there is no pressure drop).

3. Click IE' to continue.

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

4. Click IE' to continue.

The Required Input Complete dialog box appears informing you that
all required input is complete and asking if you want to run the
simulation.

Before running the simulation, request that certain optional properties be
included in the stream report.

C |
5. Click to close the dialog box without running the simulation.
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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:

From the Data Browser, select the Setup folder and then select Report Options.

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

Select the Stream tab.

Under Fractions Basis, select the checkbox next to 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 simulation, 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.

Property Sets
Click

Getting Started Modeling Processes with Electrolytes
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The Property Sets dialog box appears.

5. From the Available Property Sets column, select TBUBBLE and WXAPP.

6. Click to move the selected property sets to the Selected Property Sets

column.

i Property Sets

— Property sets

— &vailable property setz—

WMOLFLOW
YMOLFRAC
AP

=

— Selected property sets —

TEUBELE
WKAPP

True component maole fractions in liquid phaze

Cloze

7. Click

8. Click El to continue.
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1.

The Required Input Complete dialog box appears.

Click 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
persheet the simulation.

Aspen Plus has a special databank it searches only when you use the
ELECNRTL option set, as in this simulation. 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.

Use the vertical scrollbar to the right of the Control Panel window to see the
messages.

3. Examine the results of your run.

Getting Started Modeling Processes with Electrolytes
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Examining Simulation Results

To view the results of the simulation:

1. From the Control Panel, click .

The Run Status Summary sheet appears, indicating that the simulation
completed normally.

2. Click to move to the next results sheet.

The Results Summary Streams sheet appears.

3. Review the results on this sheet.

4. Use the horizontal scrollbar on the bottom of the sheet to review results that are off the

screen.
i Results Summary Streams - Data Browser H=] E3
I Shreams j Iaﬁ I "I CF‘l*l ﬁ“FlesuIts "Iﬁl El
- Streams Material | Heat | e ks | el 2 Bl s | A B = | Fetro G 4 | l~|
{3 Blacks
=3 Results Summary
E;‘rr;ztr:tsus Dizplay: AR Formnat; |ELEE_M j Strearn Tablel
] Corwergence
JHCL || S || R
T emperature C 250 1095 9.5 ﬂ
Pressure  bar 1.000 1.000 1.000
apor Frac 0.000 0.000 0.000
Solid Frac 0.000 0.026 0.000
tole Flow  kmol/hr 11.000 E.060 23.200
tass Flow  kglhr 216613 141357 440 763 _I
r 0
Results Available o
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Since you selected the True Component approach, results for Mass Flow
and Mass Frac are in terms of true components.

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 sheet
Stream MIXED. Because water dissociation is included as one of
electrolytes reactions, MIX allows H30" and OH- to recombine to sheet
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 1s 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 sheet 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.
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You have now viewed the most relevant results for an electrolytes
simulation.

Note This simulation has other Results sheets. Click to
view them, if you choose.
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To exit from Aspen Plus:

From the Aspen Plus menu, select File and then select Exit.

The Aspen Plus dialog box appears.

Click .

Click L

i 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
elecl in the Aspen Plus Examples Library. Use this backup file to check

your results.
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Modeling a Sour Water
Stripper

In this simulation, use a distillation column to strip NHs and HzS from a sour
water feed stream.

You will:

e Modify the generated Chemistry

e Use the apparent component approach for electrolytes

e Define a stream property (Property Set)

e Convert the simulation from the apparent approach to the true approach

Allow about 45 minutes to do this simulation.

Getting Started Modeling Processes with Electrolytes
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Sour Water Stripper Flowsheet

2-2

The process flow diagram and operating conditions for this simulation 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 COz, H2S, and NHs
from the sour water. Use RadFrac to simulate the stripper.

On Stage
10

Process Diagram: Sour Water Stripper

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:

1. From your desktop, select Start and then select Programs.

2. Select AspenTech, then Aspen Plus 10.2, then Aspen Plus User Interface.

Note Ifthe 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, use an Aspen Plus template.

To select the Template option:

1. Select the Template radio button and click

The New dialog box appears.

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:

1. Select the Electrolytes with English Units template.

Note The default Run Type, Flowsheet, is appropriate for this
simulation.

2. Click to apply these options.
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Hew

Perzonal  Simulations I

Ajr Separation with Englizh Units
Air Separation with Metric Units
Blank Sirnulation

Chermizalz with Englizh Unitz
Chernicals with Metric Unitz

‘Electrolytes with E nglish Urits
Electralytes with Metric Units

Gaz Proceszing with Englizh Unitz
Gaz Proceszing with Metnic Lnits
General with Englizh Units
General with Metric Units
Hydrametallurgy with Englizh Unitz
Hydrometallurgy with b etric Units
Petraleurn with English Unitz

m Petraleurn with betr
W Pharmaceuticals wit
W FPharmaceuticals wit
W Paolyrmers with Engliz
W Folyrmers with Metric
W Pyrometaliurgy with
W Purametaliurgy with
[0 5alids with English L
[ 5 alids with Metric U
W Specialy Chemicalz
W Specialty Chemicals

i

o] h=fi=
=0 fe-e-

— Preview

Electralytes Simulation
with Englizk Lnits

F. p=i. Ib/hr, Ibmol/hr,
Btudhr, cuft/hr.

Froperty Method:
ELECHRTL

Flaw baziz far input;
Mazz

Stream report
comoozition: kMazs flow

—Run Type

I Flonwzheet j

o |

Cancel |

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

Note

The Aspen Plus window is now active.

If the Connect Host dialog box appears, see Appendix A.
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Drawing the Graphical Simulation
Flowsheet

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

1. From the Aspen Plus toolbar, select Tools and then select Options.

The Options dialog box appears.

2. Select the Flowsheet tab.

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

N~ |

General I Compaonent D ata I A esulks YWiew I Fiun
Startup Flowshest | Grid/Scale I Plats

— Stream and Block labels

[ Automatically assign block name with prefis: IB

¥ Display block name

[ Automatically assign stream name with prefis: I

¥ Display stream name

— Placement optionz
¥ automatically place blocks when imparting:

[~ Lock block spacing factor at;

Label zize scale factar:

— Default Drawing options
Line Thickness:

LN

k. I Cancel Apply | Help |

4. Click & to close the Options dialog box and apply the changes.
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5. Place the flowsheet blocks and streams to create the graphical simulation flowsheet
as follows:

M Process Flowsheet Window =]

EB1

o [F0RwAT ]
>

]
B A

6. Click El to guide you to the next required input.

The Flowsheet Connectivity is Complete dialog box appears.

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

The Data Browser window appears. The Setup Specifications Global sheet
displays defaults Aspen Plus uses for other sheets.

Use this sheet 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.

Note  The Run type field displays Flowsheet, which is appropriate for
this simulation.

The Electrolytes with English Units application type sets the following global
defaults for electrolytes applications:

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

It is always good practice to enter a title for the simulation.

1. In the Title field, enter Getting Started with Electrolytes - Simulation 2.

[ Setup Specifications - Data Browser =] E3
|ﬂ Specifications j I% I 'I ﬁl*l <<“.-’-"«II 'I >>| 2 N')l
=¥ Setup JEInhaIlJDescription | Accounting | Diagnostics |

----- &) Specifications

@) Simulation Options

i@ Steam Class Title: Getting Started with Electrolytes - Simulation 2

|:| Substreams . .

m Urits Siets Unitz of measurement Global zettings

@) Report Options Input data: ENG - Run type: Flowshaet j
(-3 Companents Dutput rezults: |ENG A Input mode: Steady-State j
-3 Properties o s
[]"'_‘QJ Sheams rean class: CONVEM | -
-2y Blocks Flow bazis: Masz |-
(-] Reactions Ambient pressure: 1469595 [pai j
#-7] Canvergence ; _ =
-] Flowshesting Options .&m?ment KB - : J
-7 Model Analysis Tools Walid phazes: j
E-] Results Summary [~ Use free water calculations

Text to appear on each page of the report file. See Help.
Input Connplete o
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Based on the Electrolytes with Metric Units template, Aspen Plus
displays the following defaults for calculating and reporting stream
properties:

e Flow and Fraction Basis of Mass: Aspen Plus will report the
component flow rates on a mass flow basis.

e ELEC_E Stream Sheetat: Aspen Plus sheetats the Stream Summary
sheet for electrolytes.

To review the report options specified in the selected Template:

1. From the Data Browser, select the Setup Report Options sheet.

2. Select the Stream sheet.

To move to the next required input sheet:

1. From the Data Browser, select the Components folder and then select Specifications.

Getting Started Modeling Processes with Electrolytes
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Specifying Components

Getting Started Modeling Processes with Electrolytes

Version 10.2

The Components Specifications Selection sheet appears.

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

on the sheet.

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

1. Enter the following components:

H20
NH3
H2S
CO2

2. Click

Elec ‘Wizard

Water

Ammonia
Hydrogen-Sulfide
Carbon-Dioxide

The Electrolytes Wizard dialog box, for defining automatic chemistry

generation, appears.
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The Electrolytes Wizard

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

Mext
1. On the Electrolytes Wizard dialog box, click .

>
2. Click to move all components in the Available components column to the
Selected components column.

[ et
3. Click to continue.

The Generated Species and Reaction dialog box appears:

Generated Species and Reactions !

— Remowve any undesired generated species or reactions?

—Agueous species——————— [~ Salts
HH4HS(5]

; MH2COOMNH4[5]
MH4+ MH4HCO3[5]
Co3-2
HCO3-

5-2
HES-
H30+ [

- Reactions Bemove
2H20 <===» H30+ + OH- -
H25 + H20 ¢===r H30+ + H5-

HS- + H20 ¢===» H30+ + 5-2

CO2 + 2H20 === H30+ + HCO3-

HCO3- + H20 <===r H30+ + CO3-2

HaM + H20 <===> HH4+ + OH-

HaM + HCO3- <===r NHZC00- + H20 LI

{* Set up global property specifications using generated species and reactions

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

= Generate Ehemisto and Henm components

Click Mest: to continue

Cancel ¢ Back Meut > Fitirzty

2-10 Getting Started Modeling Processes with Electrolytes
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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
following reaction types:

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

For this simulation, you know that ammonium carbamate sheetation can
be neglected.

To remove ammonium carbamate sheetation from the solution
chemistry:

1. Select NH2COO- aqueous species.

|

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:

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

> oo L= ]

Getting Started Modeling Processes with Electrolytes 2-11
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—Agueous species—————— [~ Salks

Generated Species and Reactions EH E3 |

— Remove any undesired generated species or reactions?

MNH2C00- -
OH-

NH4+

Cco3-2

HCO3-

5-2

HS-

H30+ =l

Feactions i Hemaove

2H20 ¢===» H30+ + OH- -
H25 + H20 <===; H30+ + HS-

HS5- + H20 ¢===> H30+ + 5-2

CO2+2H20 <===» H30+ + HCO3-

HCO3- + H20 ¢===3 H30+ + CO3-2

H3M + H20 <===> NH4+ + OH-

H3M + HCO3- <===; MHZ2C00- + H20 LI

{* Set up global property specifications using generated species and reactions

" Do not set up global property specifications, but add generated species to

Specifications form
™ | Generate Ehemistyand Henn companents

Click Mest: to continue

Cancel < Back Mext » Bl

Note

Any time you know that a reaction can be neglected because of
expected process conditions, 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 H2S to HS and S2, partial dissociation of COz to
HCOs and COs2, and partial dissociation of NHs to NH4".

. . Mext »
On the Generated Species and Reactions dialog box click 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 simulation, use the apparent component approach.

Getting Started 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 HzS
partially dissociates into HS- and S2. If you choose the apparent
component approach, Aspen Plus will report a value for the mole flow rate
of H2S that includes molecular H2S, HS", and S2.

Select the radio button next to Apparent component approach.

et »
Click to move to the next dialog box.

The Summary dialog box appears, providing Aspen Plus electrolytes
expert system information.

Firizh
Click to close the dialog box.

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

Getting Started Modeling Processes with Electrolytes 2-13
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B Components Specifications - Data Browser

Iﬂ Specifications

i -] Units Sets

------ &) Report Options
B Components

----- #) Specifications
-] Assay/Blend
BT Petra Charactsrization
----- -::) Pzeudacomponents
----- i1 Attr-Comps

-3 Henry Comps

----- .::) IMIFAC Groups
~{£] Comp-Groups
E-{7) Folymers

(g Froperties
H-{g] Streams
H-{gg] Blocks
E-{3 Reaction:
H-{"] Convergence
[

[

[

[

H-{~ 7] Costing

t-{~ 7] Flowsheeting Options
-7 Model Analysiz Toals
-7y Results Summary

_I

L4]

JSelectlunl Petroleum | Monconventional |JDatahankS|

— Defing companents
Companent 1D Type Component name Farmula

p [H2O Carventional ATER H20 ﬂ
hH3 Corventional — AMMOM]S, H3M
HZ25 Conventional — HYDROGEM-SULAHZS
Coz Conventional  [CARBOM-DICXIDECOZ
hH 4+ Corventional — [MH4+ MH 4+
H30+ Corventional — [H30+ H20+
HCOZ- Corventional  HCO3- HCO3- -|
Fird Elec Wizard Izer Defined Rearder |

Component [D. [F data are to be retrieved from databanks, enter either Component Mame

or Formula, See Help.

|In|:|ut Complete

7. Click El to continue.

The Components Henry Comps Global sheet appears for the Henry
Comps group GLOBAL, which was defined by the electrolytes expert
system. Use this sheet to 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 sheet.

Getting Started Modeling Processes with Electrolytes
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Examining Generated Chemistry

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

To examine the generated Chemistry:

1. From the Data Browser, select the Reactions folder.

2. From the Reactions folder, select the Chemistry folder and then select Global.

The Reactions Chemistry Global sheet appears.

To view the generated chemistry:

Edit

1. Select a Reaction and click

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

2. Close the dialog box and view the other reactions using the same steps.

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

Getting Started Modeling Processes with Electrolytes 2-15
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[ Reactions Chemistry GLOBAL - Data Browser

| GLOBAL & E [N - & << | |4l -1 >3] | we
+- (M) Setup JStoichiometry |/ Equilirium Constants |
+-3] Companents
+-(¥] Properties Reaction staichiometry
+-{3f] Streams Feaction Type Stoichiometry
+-(3f] Blocks ——

= . 1 Equilibrium |2 H20 <> H30+ + OH-
=3/ Reactions

=[] Chemistry 2 Equilibrium — H25 + H20 <-» H30+ + HS-

G GLOBAL 3 E quilibriurm  |HS- + H20 <-» H30+ + 5--

{7 Reactions 7 Equiitrium  |COZ + 2 H20 < H30+ + HOO3-
+-(C] Convergence __
41 " Costing ] Equilibrium  HCO3- + H20 <> H30+ + CO3-
+-{] Flowsheeting Options E Equilbrium [NH3 + H20 <> NH4+ + OH-
+-{"7] Model Analyzis Tools 7 S
+-3] Results Summary J—| —

MHew. E dit Delete

Input Complete

3. From the Data Browser, select the Properties folder and then select Specifications.
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The Properties Specifications sheet appears. The Electrolytes Wizard
has already completed this sheet:

i Properties Specifications - Data Browser Hi= E

|G Specification:

@ Setup
B#-{&] Componerts
=& Properties

@ Specifications
[#-{¥] Property Methods
[#-{7] Estimation

E Malecular Structure

7] Analyzis

-] PropSets
1:| Advanced

- g Streams

H- g Blocks

-] Reactions

fl-{7 7] Comvergence

H-{77] Flowsheeting Options
H-{77] Model Analysiz Tools
H-{Z7] Fesults Summary

i O e O e O e O e O |

— Property methods & models
Process type: ALl -
Baze method:

Henry components:

— Petroleurn calculation options

Free-water method: |STEARM-TS I
Wt ater zolubility: 3 vI

ELECHRTL Bl

IGLDE.&L 'I

— Electiolyte calculation options

Cherniztry [D: IGLEI BAL VI

[ Use true-components

JEIuhall Flowzheet Sections | Referenced I

Froperty method: IELEENHTL 'I

— I Modify property models

ESRE I

Waman Bl
[ata zet:
[Lrurd @armma:
[Mata zek

[Crqund entha p

GMEMRTL

A

1

T

1

HLKM=ELC = I

el el e

YLMAELE 7]

¥ Foynting comection

™| Heeat of mixing

Electralyte HRTL model with Redlich-Fwong equation of state. For aqueouzs and mixed

zolvent applications.

Input Complete

B

4. Select the checkbox next to Use True-Components.

5. Click El to continue.

The Binary Interaction sheet appears for the binary parameters
HENRY-1. Use this sheet to view the Henry's Law parameters retrieved
by the electrolytes expert system. If you had your own Henry's Law
parameters, enter them on this sheet.

6. Click El to continue.

The Binary Interaction sheet appears for the binary parameters NRTL-
1. Use this sheet to view the molecule-molecule interaction parameters

retrieved by the electrolytes expert system. If you had your own molecule-
molecule interaction parameters, enter them on this sheet.

Getting Started Modeling Processes with Electrolytes
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7.

10.

11.

12.

From the Data Browser, select the Properties folder, then select the Parameters
folder, and then select the Electrolyte Pair folder.

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

Click El to continue.

The Electrolyte Pair GMELCC-1 Input sheet appears.

Click El to continue.

The Electrolyte Pair GMELCD-1 Input sheet appears.

Click El to continue.

The Electrolyte Pair GMELCE-1 Input sheet appears.

Click El to continue.

The Electrolyte Pair GMELCN-1 Input sheet appears.

Click El to continue.

The Required Properties Input Complete dialog box appears:

Required Properties Input Complete |

3o to the Mest required step, or supply
additional properties information.

% Go bo Next required input step

" todify required property specifications
™ Enter property parameters

™ Enter raw property data

Cancel |

Getting Started Modeling Processes with Electrolytes
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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 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,
complete the rest of the flowsheet specifications in the same way as for
nonelectrolytes. Use all Aspen Plus unit operation models in an
electrolytes simulation.

13. Click to move to the next required input.
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Entering Stream Data

2-20

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

1. On the Streams SOURWAT Input Specifications sheet, enter the following:

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

2. In the Composition field, click EI and select Mass-Frac.

3. Enter the following mass fraction values:

H20 0.997
NH3 0.001
H28 0.001
C02 0.001

i Stream SOURWAT [MATERIAL] Input - Data Browser [_ O] x]

(@ Inpu = R e N R e S M T
1:] UHIFAL Group ;l Jﬁpecificatiunsl Flash Optionz | FED | EomEanEt |
{27 UNIFAC Group Bina
1:| Results Substream narme: |J‘ MIXED j
~{] Data _ — Skate vanables — Composition
[]% ﬁ;?;;%;':ts ITemperature j IMass-Frac ﬂ I ﬂ
B []%I Advanced |1SD IF j Campanent Walue
=I-gg| Streams —
-0 BOTTOMS [Fressure =] ged 0957 :’
E‘E SOURWAT I'IE I - j MH3 0.001
il pai
@ Input Ha5 0,007
o +[] Results p COZ .00
_f;] STEAM Tatal Flaw: Mass vI T
-] VAPOR [1000 Ihhr =] TR
- g Blocks
-] Reactions MHZC00- kd
-7 Convergence Solent I j Total: IEI.ElElEI
{77 Flowsheeting Options
{77 Model Analysis Tools etz vou type the compaonent flow, fraction or concentration. See Help.
-{77) Results Surmary —
| | ]
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4. Click IE' to continue.

The Streams STEAM Input sheet appears.

5. On the Streams Steam Input Specifications sheet, enter the following:

Pressure 15 PSI
Vapor Fraction 1
Composition Mass-Flow

H20 Mass flow value 2000 LB/HR

(@ tnput S EfE e = Sl=] w2 ol we

~- @ GMELCN-1 ﬂ JSpeciﬁcatiunsI Flazh Options | F&m | (Tt ek |
] Electrolyte Temary
{7 UNIFAC Group Substream name: IJ' MIXED j
m UNIFAC Gmul:l Bina — State wanables ———— Egmpgsitign
....E—i%tf uls f/apor fraction =l | MassFlow =] b =]
[]% .Snaly;ist |1 I j Component Walue
rop-Sets
{77 Advanced ITemperature j - 2000 ﬂ
EIE Streams |15 IF j p HHZ
{77 BOTTOMS HZ5
E SOURWAT T
EE STEAM Total flow: b azz vI En
G e | Ibfhr [ Ha0+
: [ Resuls _I
F-{ WaPOR MH2C00-
&) Blocks soliert | Total [2000
-] Reactions

-] Convergence Lets you type the component flow, fraction or cohcentration. See Help.

#-{C] Flowsheeting Options -
St

6. Click IE' to continue.
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Specifying the RadFrac Block

The Block B1 Setup sheet appears.

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

1. Use Help on the RadFrac Setup sheet.

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

3. On the Block B1 Setup Configuration sheet, enter the following:

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

4. Inthe Operating Specifications section, at the Reflux Ratio field, select Mole and
specify 25 as the initial estimate for reflux ratio.
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The Block B1 Setup Configuration sheet is complete:

i Block B1 [RadFrac] Setup - Data Browser =] E3
[@ Setup J B E [ i e R - > || we
B _QJ B1 J[Zunllguratlunlv Stream&l vPre&surel JEundenaerl Erebailer I JPhaze |
-u Setup
-] Design Specs — Setup options
- Vary Mumber of ztages: 10 E
- @ Heaters Coolers
[ Pumparounds Conderser: Partial/apar j
-(27] Decanters Febailer: Mone j
g E”'C"’ihc'es Valid phases: ' apor-Liquid =l
eactionz
-] Condenser Heurves Convergence: Standard j
--{Z7] Reboiler Hourves
(] Tray Sizing — Operating specifications
(1 Trav Rating Reflux ratio j bole j 'I
-{Z7] Pack Sizing j j I j
-{Z] Pack Rating
@ Properties Eree water retli ratic; I Feed biaziz |
- @ Estimates
- Convergence
G Report R eflux ratio [Aeflux ratesDiztillate rate] which excludes free water for all cazes except
6 Uszer Subroutlnes iwhen Y alid Phazes=\apor-Liquid-Freew aterdnyStage.

5. Click El to continue.

The Block B1 Setup Streams sheet appears. Use this sheet to describe
how the streams are connected to the RadFrac block.

For the SOURWAT feed stream, enter 3 in the Stage field and Above-Stage in the
Convention field.

For the STEAM feed stream, enter 10 in the Stage field and On-Stage in the
Convention field.

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.

8. Click IE' to continue.

The Setup Pressure sheet appears.
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To specify that this column operates isobarically at 15 psia:

1. Inthe Stage 1/ Condenser pressure field, enter 15 PSI.

2. Click IE' to continue.

The Required Input Complete dialog box appears, indicating that all
required input specifications for RadFrac Block B1 have been entered:

Required Input Complete |

All required input iz complete. Y'ou can min the simulation now, or you can enter mare
input. To enter more input, zelect Cancel, then zelect the optionz yow want from the Data
pulldowmn memnw,

Furn the simulation now?

Cancel |

3. Click to close the dialog box.

You can now enter optional specifications. These specifications include
setting up two design specifications. The first will be a concentration of 50
ppm NH3 in BOTTOMS, and the second will be a condenser temperature
of 190°F.

To define the first design specification:
1. From the Data Browser, click the Blocks B1 Design Specs folder.

The Design Specs Object Manager appears.

Mew...

2. Click
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The Create new ID dialog box appears:

Create new |D |
Dezign zpecification number:

k. Cancel |

Qg
3. Inthe Create new ID dialog box , click to accept 1 (the default ID).

The Design Specs 1 sheet appears.

4. Inthe Type field, click EI and select Mass purity.

5. Inthe Target field, enter the value 5.0E-5.

Note  Specify where this specification is to be applied, and what
component and phase it applies to.

6. Click IE' to continue.

The Design Specs 1 Components sheet appears.

7. From the Available components column, select NH3 (AMMONIA) and click .

8. Click El to continue.

The Design Specs 1 Feed/Product Streams sheet appears.

9. From the Available streams column, select BOTTOMS and click .
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The Design Specs 1 sheet is complete:

i Block B1 [RadFrac] Design Specs 1 - Data Browser [_ O] x|
[ J!IEIENG i ) S S e s
. B0 VAPOR +f Specifications |JE|:|m|:u:unent$ +'Feed/Product Stleamsl Dptions | e I |
=1 &) Blocks
El_ﬁ] B1 — Product streams
@ Setup Available streams Selected stream
=
o {3 Desian Specs VAPOR { | [FoTTows
..... {] 1 B
ﬁ "'f'laf_'r' ‘
@ Heaters Coolers _I
{27 Pumparounds A
-2 Decanters
a E fficiencies = Feed?Froduct streams ez base stieams
@ Reactions
-{Z]] Condenser Hourves
--{Z]] Feboiler Hourves
-{C] Tray Sizing
-{Z] Tray Rating
--{Z]] Fack Sizing
--{Z]] Fack Rating
@ Properties Froduct streams ta include in the specification,
- @) Estimates =
o 20
i N

To define another design specification:

1. From the Data Browser, select the Design Specs folder.

The Design Specs Object Manager appears.

Mew...

2. Click

ok
3. Inthe Create new ID dialog box , click to accept 2 (the default ID).

A new Design Specs Specifications sheet appears.

4. Inthe Type field, enter Stage temperature.

5. Inthe Target field, enter 190 F.

6. In the Stage field, enter 1.
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7.

Click IE' to continue.

The Vary Object Manager appears.

Define two manipulated variables to meet the two design specifications. In
this simulation keep free the steam feed rate and the reflux ratio
specifications provided on the Blocks B1 Setup sheet. Aspen Plus adjusts
the steam feed rate and reflux ratio to achieve the NHs bottoms
concentration specification and the condenser temperature specification.

To define the first manipulated variable:

1.

New..
Click l——= 1 and then click .

The Vary 1 Specifications sheet appears.

On this sheet, specify which input variables you want to keep free in order
to meet the design specifications you provide.

2. Inthe Type field, enter Feed rate.

3. Inthe Stream name field, enter STEAM.

4. In the Lower bound field, enter 50 Ibmol/hr.

5. In the Upper bound field, enter 200 Ibmol/hr.
On the Streams STEAM sheet you specified a Mass-Flow for Stream
STEAM. However, when you select the variable type Feed rate on the
Vary 1 sheet, 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).
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i Block B1 [RadFrac] Yary 1 - Data Browser M=] E3

~{Z] Fumparounds
-] Decanters

----- ) Efficienciss

----- &) Feactions

~{Z]] Condenser Hourves
~{Z7] Feboiler Hourves
{2 Tray Sizng
-2 Traw Rating
-] Pack Sizing
~{Z7] Pack Rating

----- &%) Froperties

----- #) Estimates

-

[ - &) E [ - &2 <« -1 >>| rilza] we
- BT VAPOR | JSPBCIfICEIIDnSl Campatietts | Flesilts |
= E Blocks
=34 B1 — Adjusted variable

- Setup _ —

. E Design Specs Type: Feed rate J

EI"E YWary Stream name: STEAM ﬂ

(g1

— Upper and lower boundz

b awirnuim ztep zize:

Lower bound: IEEI |Brnaldhr
Upper bound: m |braalihr
— Optional

|pper bound for the manipulated variable. nitz for the upper bound are Type unitz from

the block Unite-Set.

4i - | b

To define the second manipulated variable:

1. From the Data Browser, select the Vary folder.

2. Click

3. Inthe Type field, enter Reflux ratio.

4. In the Lower bound field, enter 15.

5. In the Upper bound field, enter 50.

and then click .

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 sheet.

6. Click IE' to continue.

The Required Input Complete dialog box appears, indicating that all
required specifications are complete.
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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. Modify the default stage
report so that results are reported for all stages.

To change the report:

From the Data Browser, select the Blocks folder, then select the B1 folder, and then
select Report.

The Report Properties Options sheet appears.

Select the Report Profile Options sheet.

On the Report Profile Options sheet, select the radio button next to the All Stages
field.

By default, Aspen Plus reports only temperature, pressure, total mole
flows, enthalpy, mole fractions and K-values for the selected trays.
Request that additional properties be reported by selecting additional
property sets on the Property Options sheet.

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

Select the Report Properties sheet.

In the Defined property sets column, select PH and XTRUE and click to move
the selected property sets into the Selected property sets column.
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i Block B1 [RadFrac] Report - Data Browser _ (O] x|

[@ Fepor J_I_ Bl o] S[9] a5 5] CllE| el

""" @ Setup Property Options | + Profile Options JPmpemesl Feeuda Steams |
-] Design Specs
B Vay — Property sets to be included in column profiles

""" @) Heaters Coolers Defined property sets Selected property sets
~{Z7] Pumparounds

7] Decanters

----- &) Efficiencies

----- &) Reactions

£ Condenzer Hourves
~{{7] Reboiler Heurves
(7] Tray Sizing
7] Tray Rating
~{77] Pack Sizing
~{Z]] Pack Rating

----- &) Propertiss

----- @) Estimates

----- &) Convergence

""" @) User Subroutines Froperty zetz for additional tray properties [e.q., viscosity, denzity] to include in the repart.

i g E}.nam!cr . _’ILI

6. Click IE' to continue.
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Running the Simulation

The Required Input Complete dialog box appears.

Click 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 persheet the
simulation.

As in simulation 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.

When the message Results Available appears in the toolbar, click to view the
results of your run.
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Examining Simulation Results

2-32

Aspen Plus generates many results for this simulation. Examine any results that
are of interest to you. This simulation guides you through a review of some of the
simulation results.

To view RadFrac results:

1. Select the Process Flowsheet tab at the bottom of the screen.
2. On the graphical simulation flowsheet, select the RadFrac block.

3. Right-click on the mouse and select Results.

The Blocks B1 Results 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 H=E
| Fiesults Summary j I tj - << |[|Results = ﬂ [ M
+ m Streams Summary l Balance ] Split Fraction ] ]
=3 Blocks
=3 B Wiew |E0ndenser / Top stage ﬂ Basis: Maole
+-(3 Design Specs
+- (3] Vary Condenzer / Top stage perfarmance
Results Summary Temperature; |189.999818 |F ﬂ
[ Frofiles _ .
Stremm Fosults Heat duty: [1459634  [Btuskr [
-3 Results Summary Subcooled duty: | | J
Distillate rate: | | J
Feflus rate: | | J
Rieflu ratio:
Free water distillate rate: | | J
Free water reflus ratio:
S elect view option.
Results Available 105Stage: |0 Pumparound(z]

4. Click to move to the next results sheet.

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.
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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:

1. From the Data Browser, select the Design Specs folder.

2. Select the Results sheet to view the Design Specs results.

= Block B1 [RADFRAC) Design Specs - Data Browser [_ (O] x|
Inm Degign Specs j |§8 IENG j Cﬂlﬁl ((lIHesuIts 'l ))l @ N)l
g Streams o Object Manager  Results |
=-{3 Blocks
=t — Desian specifications
& Design Specs MNurnber Type Target | Calculated value Errar Units
=G Ve y MASSFRAC BE-06 EOODIEQE  [3354E-11
o[ Results Summary
1 Profies P TEMP i 189939516 000018399
g Steam Results
(-3 Results Summary
|Results Available [10 Stages |0 Pumparound(s) 4

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:

1. From the Data Browser, select the Vary folder.

2. Select the Results sheet to view the Vary results.
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[ Block B1 [RADFRAC) Vary - Data Browser H= 3
[ea ar [ENG o] &|=] <<f[Resus =] 33| M|
Jf Object Manager  Results |
—any zpecification:
Murnber Type Lower bound|Upper bound| Final walue
» FEED FLOW FOR STRE&M 50 200 99.1860578
J2 MOLAR REFLL RATIO 15 50 29478532
- [l Stream Results 4 | | ﬂ

& Results Summary

Results Available

|1D Stages |D Fumparound(s] 2

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:

1. From the Data Browser, select the Profiles folder.

2. Select the Compositions sheet to view the results.

3. Inthe View field, click EI and select Liquid.
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= Block B1 (RADFRAC] Profiles - Data Browser [_ (O]

I Profiles j I%jg I 'l <}=l|*| gIIHesults 'Iﬁl [_]l@l BI

TPFO  Compositions I K4 alues | 1 = | Feactions I EffitEntes I Propertiez I

A Basis: I Muale vl
— Compozition profile:
Stage|H20 MH3 H25 coz

1 0.95813024 0.03137557 0.00744773 0.00304645 ﬂ
099606441 0.00336076 0.00048549 8.9332E-05
0.99993827 0.00029796 0.0001 3262 2.1144E-05
0.99346888 0.00048008 4.7319E-05 3.7101E-06
0.99973089 000024836 1.9635E-05 5.1383E-07
0.999864E4 0.0001 2701 5.273E-06 7.2204E-08
0.99993305 E.3714E-05 3.2292E-06 9.3957E-09
0.99996789 3.1052E-05 1.0581E-08 1.0288E-09 LI

Wiewr

I
g Stream Results
G- Results Summary

W[ | o o] = ©d] 2

[Gelect view ophion.

|Results Available [10Stages [0Pumparound(z] 2

The Profiles Properties sheet reports the actual composition of
molecular components and ions.

To view these results:

1. Select the Properties sheet.

i Block B1 [RadFrac] Profilez - Data Browser [ _ |O] %]

[@ Frofies B U= e R 2 AR | I e e
--{Z7) Pumparounds ;I TFFQ | Compositions I k- alues | Hirdranics | Reactions I Efficier‘ull_l*l

-] Decanters
6 Efficiencies

- @ Reactions Stage |UGUID  Juaup  |uauo  Juaup  |uay

::g E”E';fj';’;fﬂ;i”;:eg PH WTRUE  [XTRUE  [XTRUE  [xTR

~(27] Tray Sizing Hz20 MH3 H25 Coz

-2 Tray Rating

-] Pack Sizing

-{Z] Pack Rating | j I j | j I j

@) Propsties I-B.MSIIE 0997864 |0.005245/6 |2.2767E-05 [IE-3 ﬂ

- @ Estimates g BZ41475  [0.9992419 |0.00057288 [1.385E-0  [1E-3

g E”’WE’;QE”CE g 5151471  [0.9938019 [0.00014357 [5.003%E-07 [1E-3

@ Fepar

@ User Subroutines 4 B23E031  |0.9999547 |2 7144E-05 |37O9RE-0B  [1E-3

6 Dynamic E [wlwk Al ngn]ln] [ Do T T ] A OEQAC OC o B b S | el [ ] i il | LI
4 I I »

- @ Dynamic Equipment
G Block Options
- @ Results Summary

-- @ Profiles =
< _ _’I_I
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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 XnH3 (apparent basis) is not exactly equal to Xnus (true
basis) + XnH4+ (true basis).

The liquid composition of apparent NH3 on stage 1 is:
Xnms = 0.0314

2. Select the Compositions sheet.

3. Inthe View field, select Vapor.

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

K =Ynus/Xnu3 = 6.73

4. Select the K-Values sheet.

Getting Started Modeling Processes with Electrolytes
Version 10.2




Chapter 2

= Block B1 [RADFRAC) Profiles - Data Browser [_ O] =]
(A Profies Halk | | &| =] <¢resis =] 33| 1t e
{3 Streams TRFO | Composition: — K-Walues | TS | FESEHErE | EffiEereEs | Properties |
E-{3 Blocks
E‘E B1 Wiew: IVapor-Liquid VI

(-3 Design Specs

Stream Results
{3 Results Summary

— K-walue profile:

Stage|H20 MH3 H25 coz
1 0.E2E7EREY E. 72619862 14.2689093 27.0184697 il
2 0.95013541 11.0913467 22 0036606 E3.1739536
3 099436263 11.2004299 29.3238066 a7 8012216
4 099356223 122513858 18.4346847 5522810328

G 099681284 12 5356027 15.7372302 47 626643
[ 0.99340287 126003821 15.5391501 46 6722175
7 099321324 125435377 16.7319555 50.3927389
& 099362757 123512053 19.8062406 |§9.881 0343 LI

Select view option.

[Fiesults Available

[10 Stages |0 Pumparound(s) él

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.

5. Close all open windows.
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Choosing between the true component approach and the apparent component is a
matter of personal preference. For all simulations, 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:

1. From the Aspen Plus menu, select Data and then select Properties.

2. On the Properties Specifications Global sheet, select the checkbox next to True-
Components.

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:

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

2. Right-click inside the RadFrac block and select Input.

3. From the Data Browser, select the Design Specs folder.

The Design Spec Object Manager appears.

Edit

4. Select Design Spec ID 1, and click

The Design Spec Specifications sheet appears. Modify Design Spec 1 to
specify a stream property for the apparent mass fraction of NH3.

5. Inthe Type field, click EI and select Property value.
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6. Inthe Target field, enter 5.0E-6.
7. Inthe Property set field, right-click the mouse and select New.

8. Inthe Aspen Plus dialog box, enter XNH3APP as the new property set.

9. Click .

10. Select the Feed/Product Streams sheet.

11. In the Available streams column, select Bottoms and click to move the stream
to the Selected stream column.

@ J = EENEE | &= «lmea =] >>| @] N

=- @ B1 JSpemllcatmnsl EompEaremte | o Feed/Product Strears | Optiores | F4 I I
...... a Setup
EI ) DesionSpecs — Design specification
[A]1 Type: IF'n:upert_l,J walue j
I
{2 Wary — Specification
----- &®J HeatersCoolers Target: |5E-DB I
~{Z] Pumparounds
{5 DE_C_antE_rs — Stream type
""" ) E”ICIE.nCIES f* Product " Intemal
----- &J Reactions
~{_7] CondenzeHeurves ~ Property
~{_] RebaileHeurves .
£ TraySizing Property zet:
~{_] TrawRating
~{Z] PackSizing
~{_] PackRating —
----- &j Puoperties
----- &J Estimates — -
Froperty sets conzizting of a single zcalar property.
----- & Corvergence
..... a Repart
..... i FlockNotinne: LI

[10Stages |0 Pumparound(s] 2

12. Click IE' to continue.

The Properties Prop-Sets XNH3APP sheet appears.

Aspen Plus uses this property set to calculate the apparent mass fraction
of NH3 in the liquid phase.
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13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Search

Click

In the Search Physical Properties dialog box, enter apparent component mass
fraction in the first field.

Search

Click

The system searches for valid physical properties and displays them in
the second field of the Search Physical Properties dialog box.

Select Apparent component mass fraction (alias WXAPP) from the search results.

&dd

Click

The system adds the selected physical property and displays it in the
third field of the Search Physical Properties dialog box.

oo 9|

Select the Qualifiers sheet.
In the Phase field, click EI and select Liquid.

In the Component field, click EI and select NH3.

Click IE' to continue.

The Required Properties Input Complete dialog box appears.

oo %]

Getting Started Modeling Processes with Electrolytes
Version 10.2




Chapter 2

Running the True Component Simulation

The Required Input Complete dialog box appears insheeting you that all
specifications are complete and the simulation can be run.

Click L

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

Close all open windows, and the Control Panel.

To view selected results of the true component simulation:

On the graphical simulation flowsheet, select the RadFrac block.
Right-click inside the RadFrac block and select Results.
From the Data Browser, select the Profiles folder.

Select the Compositions sheet to view the resullts.

In the View field, click EI and select Liquid.

This sheet reports the liquid phase mole fraction for all components,
including the ions. Stage 1 reports the following compositions:
X nH3 = 0.02093

X NH4+ = 0.01054

In the View field, click EI and select Vapor.

Note that all ions have a mole fraction of zero in the vapor phase. Stage 1

reports the following composition:
Y ~nH3 = 0.21115

From these values, a stage 1 K-value for NH3 can be calculated.
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K = Ynus/Xnas = 10.09

7. Select the K-Values sheet.

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 (Ib/hr) 1787 1787
Molar Reflux Ratio 295 294

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:

1.

From the Aspen Plus menu, select File and then select Exit.

The Aspen Plus dialog box appears.

Click .

Click 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. 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.

o 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.

1. In the Server type field, click EI 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.

2. Click to continue.

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

3. Inthe Node name field, enter the node name of the computer on which the Aspen
Plus simulation engine will execute.
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4. In the other fields, enter the following information:

User name Your user name for the specified
host/server.

Password Your password for the above user
name.

Working directory  The associated working directory.

5. Click .

When the network connection is established, the message Connection
Established appears in the message box.

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.

2 2 2 2
*o* o *o* **
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