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Who Should Read this Guide

This guide is suitable for beginners to the Aspen Plus simulation environment.
Users should understand the material in this guide before proceeding to the
other Aspen Plus Getting Started Guides.

Who Should Read this Guide 1



Who Should Read this Guide



Aspen Plus makes it easy to build and run a process simulation model by
providing you with a comprehensive system of online prompts, hypertext
help, and expert system guidance at every step. In many cases, you will be
able to develop an Aspen Plus process simulation model without referring to
printed manuals.

The seven hands-on sessions show you, step-by-step, how to use the full
power and scope of Aspen Plus. Each session requires 30 - 50 minutes.

This guide assumes only that you have an installed copy of Aspen Plus. If you
have not installed Aspen Plus, please see the Aspen Engineering Suite
Installation Manual.

Why Use Process Simulation?

Process simulation allows you to predict the behavior of a process by using
basic engineering relationships, such as mass and energy balances, and
phase and chemical equilibrium. Given reliable thermodynamic data, realistic
operating conditions, and rigorous equipment models, you can simulate actual
plant behavior. Process simulation enables you to run many cases, conduct
"what if" analyses, and perform sensitivity studies and optimization runs. With
simulation, you can design better plants and increase profitability in existing
plants.

Process simulation is useful throughout the entire lifecycle of a process, from
research and development through process design to production.

What is an Aspen Plus Process
Simulation Model?

A process consists of chemical components being mixed, separated, heated,
cooled, and converted by unit operations. These components are transferred
from unit to unit through process streams.

You can translate a process into an Aspen Plus process simulation model by
performing the following steps:



1 Specify the chemical components in the process. You can take these
components from the Aspen Plus databanks, or you can define them.

2 Specify thermodynamic models to represent the physical properties of the
components and mixtures in the process. These models are built into

Aspen Plus.
3 Define the process flowsheet:

o Define the unit operations in the process.
o Define the process streams that flow to and from the unit operations.

o Select models from the Aspen Plus Model Library to describe each unit
operation and place them on the process flowsheet.

o Place labeled streams on the process flowsheet and connect them to

the unit operation models.

4 Specify the component flow rates and the thermodynamic conditions (for
example, temperature and pressure) of feed streams.

5 Specify the operating conditions for the unit operation models.

With Aspen Plus you can interactively change specifications such as, flowsheet
configuration, operating conditions and feed compositions, to run new cases

and analyze process alternatives.

In addition to process simulation, Aspen Plus allows you to perform a wide

range of other tasks such as estimating and regressing physical properties,
generating custom graphical and tabular output results, fitting plant data to
simulation models, optimizing your process, and interfacing results to

spreadsheets.

Sessions in this Book

The hands-on sessions in this book are described in the following table:

Follow the steps in this chapter

To Learn how to

1 Aspen Plus Basics

Start Aspen Plus, use the Aspen Plus user
interface, and exit Aspen Plus.

2 Building and Running a Process
Simulation Model

Build and run a typical Aspen Plus process
simulation model.

3 Performing a Sensitivity Analysis

Use Aspen Plus to study the sensitivity of
process performance to changes in process
feeds and operating variables.

4 Meeting Process Design
Specifications

Use Aspen Plus to make your process model
meet a design specification by manipulating a
process feed or operating variable.

5 Annotating Process Flowsheets

Add stream tables, graphics, and text to your
process flowsheet.

6 Estimating Physical Properties for
a Non-Databank Component

Use Aspen Plus to enter and estimate missing
physical properties required for simulation.

7 Analyzing Properties

Use Aspen Plus to generate tables and plots of
physical properties, computed over a range of
values.




Using Backup Files

We recommend that you perform all sessions sequentially using the results of
the previous chapter in the current chapter. However, you can skip chapters
and work on the session of your choice using backup files containing
simulation data.

Aspen Plus provides backup files (filename.bkp) containing all problem
specifications and results for each tutorial session. In some cases, if you skip
a session, you need to load a backup file to supply missing data. Each chapter
contains instructions for how to do this.

Related Documentation

In addition to this document, a number of other documents are provided to
help you learn and use Aspen Plus.

Title Content

Aspen Plus Getting Started Modeling Tutorials covering the Aspen Plus

Processes with Solids features designed to handle solids

Aspen Plus Getting Started Modeling Tutorials covering the Aspen Plus

Processes with Electrolytes features designed to handle
electrolytes

Aspen Plus Getting Started Customizing Tutorials covering the

Unit Operation Models development of custom unit

operation models in Aspen Plus
Aspen Plus Getting Started Using Equation | Tutorials covering the use of

Oriented Modeling equation-oriented models in
Aspen Plus

Aspen Engineering Suite Installation Instructions for installing Aspen

Manual Plus and other Aspen Engineering
Suite products

Aspen Plus Help Procedures for using Aspen Plus

Technical Support

AspenTech customers with a valid license and software maintenance
agreement can register to access the online AspenTech 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 (FAQSs)
e Search for and download application examples

e Search for and download service packs and product updates

e Submit and track technical issues

e Send suggestions

e Report product defects


http://support.aspentech.com/

e Review lists of known deficiencies and defects

Registered users can also subscribe to our Technical Support e-Bulletins.
These e-Bulletins are used to alert users to important technical support
information such as:

e Technical advisories
e Product updates and releases
Customer support is also available by phone, fax, and email. The most up-to-

date contact information is available at the AspenTech Support Center at
http://support.aspentech.com.



http://support.aspentech.com/

This chapter leads you through an Aspen Plus simulation to explain how to
open a file, enter data, run a simulation, and examine results.

Allow about 30 minutes for this session.

Startlng Aspen Plus

From your desktop, select Start and then select Programs.

2 Select AspenTech, then Process Modeling <version>, then Aspen
Plus, and then Aspen Plus <version>.

The Aspen Plus main window appears, showing the Start Using Aspen
Plus window.

Note: To create a Windows desktop icon for Aspen Plus, right-click Aspen
Plus <version> via the Start menu, click Copy, then right-click on your
desktop and select Paste Shortcut. Double-click the icon to start Aspen Plus.

The Start Using Aspen Plus
Window

The Start Using Aspen Plus window provides these ways of starting a run:

¢ New and Open File -- quick access to start a new case or open an existing
case.

e Recent Models — links to the recently opened cases.

Opening a File

Open a file for an Aspen Plus simulation by:
e Double-clicking the file in Windows.

e Clicking the file name under Recent Models on the Start Using Aspen
Plus window.

¢ Clicking Open File on the Start Using Aspen Plus window.



e Selecting Open from the File menu in Aspen Plus.
In this section, use Open on the File menu to open a partially completed
Aspen Plus simulation stored in a backup file.

Note: This chapter does not describe all the steps necessary to create the
partially-completed example file. The following chapters will explain all the
steps necessary to set up Aspen Plus from a blank simulation.

To Display the File Menu

1 Click File from the ribbon. The File menu appears:

Recent Cases

u‘_ About

Exit

2 From the File menu, click Open.
The Open dialog box appears, displaying your default working directory.
3 Under Favorites at the left, click Aspen Plus <version> Favorites.
The Aspen Plus favorites folder appears:



7 O E3]
(&) + 7 < Bspen Plus W84 » Favorites v & | Search Faworites R |
Organize v  New folder = - [ @

~ - = = e
i Favoiites Marrie Date modified Type
| Aspen Plus YEAE @ Assay Libraries STEMINBI0PK Shorout
Aspen Properties| @ Data Package SAZ031210PKM Shorteut
B Desktop @ Electrolyte Inserts SATRMA 1410 PR Shortout
& Dowenloads . Exarmples SATRM A 1210 PR Shortcut
| Recent places = |2 testprob 5415/2013 401 &AM BKP File
..A} testprob 54155203 20T A Aspen Plus i
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B |5 Docurnents
B 3 huzic
I &= Pictures
b BB Videos
48 Computer
B fi Local Disk (23 o = =
File narne: |testpru:uh v| |.ﬂ.spen Plus Files (*.bkp,*.apw,™. V|
| Open ‘ | Cancel |

By default, the Aspen Plus favorites folder contains shortcuts to four
folders that are provided with Aspen Plus. The files in these folders are
designed to assist in creating suitable simulation models in Aspen Plus.

4 Double-click the shortcut to the Examples folder, then the GSG_Process
folder.

From the list of files, select flash.bkp and click Open.

6 An Aspen Plus dialog box appears, informing you that you don't have write
access to the directory containing this file, and that Aspen Plus is changing
the working directory to a public one. Click OK.

While Aspen Plus opens the simulation model, the cursor shows the busy
symbol, to indicate that Aspen Plus is finishing an operation. When the
operation is complete, the cursor returns to the arrow shape.

7 Click the Simulation bar on the Navigation Pane to go to the Simulation
environment.

"

The Aspen Plus Main Window

The Aspen Plus main window (shown below) appears when you start Aspen
Plus. Open an Aspen Plus case, then click the Simulation bar on the
Navigation Pane to get the display style shown below. The Main Flowsheet
window is shown in the workspace area and the Flowsheet tabs appear on
the ribbon along with other tabs. The Navigation Pane is on the left side of the
main window to provide access to various work folders and forms.
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Aspen Plus displays context-dependent definitions and information on the
Messages Panel. To activate this panel, on the View tab of the ribbon, click
Message Panel. Whenever you need information about the current
highlighted item, refer to this area for guidance.

e Quick Access Toolbar — the Quick Access Toolbar appears at the left
side of the title bar. You can customize the Quick Access Toolbar to add
other frequently used commands; these commands are always visible, no
matter which tab of the ribbon is active.

¢ Ribbon — click any of the tabs on the ribbon to access a set of related
commands. These commands are split into named groups, such as Run,
Units, Summary, Analysis and Plot on the Home tab.

¢ Navigation Pane — the Navigation Pane applies to all open forms, and
updates to show the currently open form when you move to a new form or
switch tabs to a previously opened one. Also, you can click the
Properties and Simulation bars on the Navigation Pane to switch
between the two environments.

e Tabbed windows in the workspace — forms, the flowsheet, Control Panel,
plots, and other windows appear with separate tabs in the workspace. You
can click and drag tabs to one side of the workspace to display them side
by side, or drag them out of the Aspen Plus window entirely.

e Properties and Simulation environments — Aspen Plus is now divided into
separate Properties and Simulation environments. The environment
bars on the Navigation Pane let you switch between these environments.

e Status messages— the main status message (such as Required Properties
Input Complete or Results Available) is shown at the bottom left side of
the main window, along with the Check Status button, which provides



quick access to the run status and any error or warning messages from
the last run.

e Zoom slider and Zoom In — use the Zoom slider and the Zoom In button
on the right side of the Status bar to quickly adjust the size of the
flowsheet, grids, plots shown in the tabbed windows in the Workspace.

Selecting Flowsheet Objects

Aspen Plus displays the process flowsheet for the opened Flash simulation:

Start Page Main Flowsheet +

] =

B1

B =

Process flowsheets display streams and unit operation blocks. The Flash
simulation has one feed stream (stream 1), two product streams (streams 2
and 3), and one unit operation block (B1).

Next, select the feed stream (stream 1) on the process flowsheet and enter
specifications.

Using a Shortcut Menu

A shortcut menu of commands is available for the flowsheet objects.

To Display the Shortcut Menu for Stream 1
1 Select Stream 1 and click the right mouse button.

Note: Make sure the tip of the cursor arrow is touching the stream,
otherwise you will get the flowsheet shortcut menu instead of the stream
shortcut menu.

The stream shortcut menu appears, listing the executable commands for
stream 1:




2 Move the cursor to highlight the commands in the shortcut menu.

[~]

B1
|:+> & [l i
E Input...
T Resut
El

.
B

o

Change Stream Class...

Deachivate

Insert Block

Cut

Copy

Rename Stream

Reconnect ¥
Align Blocks

Reroute Stream

Hide k

Color and Style...

Opening Input Sheets

Aspen Plus provides input sheets to allow you to specify the components of a
stream and properties such as temperature. There are multiple ways to

access the input sheets:

To Open the Input Sheets for Stream 1

1 From the Main Flowsheet window, select Stream 1, then click the right

Use the Navigation Pane to navigate to Streams | 1 | Input to open the

1 (MATERIAL) | Mixed sheet.

Note: The item | sub-item shorthand means “click item then click sub-
item.” This shorthand will be used for many hierarchical selection
processes including the Navigation Pane and File menu.

From the Stream 1 shortcut menu, select Input.

mouse button.



2 From the stream shortcut menu, click Input.

Tip: To open a stream or block input sheet quickly, double-click the object
from the process flowsheet.

The 1 (MATERIAL) window appears on a separate tab in the workspace.

CrulAian < Start Page | hain Flowsheet 1 (MATERIAL)Y +
Al kems - | i Mixed | CI Solid HEC Solid Flash Options l EQ Options Costing Information I
[ Setup .
(51 Property Sets ~ | Specifications
L3 Analysis Flash Type: Temperature |¥ Pressure ~| [ Compasition -
b L Flowsheet . Mole-Flow »| bmolshr b
4 [ Streamns State variables
4Bl Termperature: E b Component Walye
jlnput Pressure: psia b
—I__J|—| Results WVapor fraction:
~ EO Variables
[ Custarn Strearn Result Total flow basis: Male -
Lg? Total flowe rate! tbmol/hr -
&3
o Blocks Total: O
L3 Utilities
1 Reactions
& Convergence
|1 Flowsheeting Options
1 Model &nalysis Tools
I & EQ Configuration

Note: A sheet may be required, unavailable, or optional. In this example, the
Mixed sheet is required and incomplete (hence the symbol: w). The Flash
Options, EO Options, Costing and Information sheets are optional.

Navigate from form to form by expanding the folders in the Navigation Pane
and clicking the lowest level objects. For example, if you want to see the
input form for stream 1, expand the Streams | 1 folder by clicking the
icons next to Streams and 1, then click Input.

Navigate from sheet to sheet by clicking the large rectangular tabs at the top
of the sheet. For instance, to see the CI Solid sheet on the Streams | 1 |
Input form, after opening the form, click the CI Solid tab to the right of
Mixed.

Navigate to other windows by clicking the window tabs in the workspace (the
small tabs above the sheet tabs in the above example). For example, if you
want to go back to the process flowsheet, click the Main Flowsheet tab to
the left of 1 (MATERIAL).

Using Help

Before specifying the characteristics of Stream 1 you may wish to get
context-sensitive help about the sheet itself, the form to which it belongs, or
about the various fields within the sheet. To get help, click the box or sheet,
then press F1 (the help key).

Get help on the 1 (MATERIAL) | Mixed sheet and on the whole input form.
1 Click the tab labeled Mixed.

2 Click F1.



Aspen Plus displays a help window that explains how to use the Material
Stream Input Mixed Sheet:

E2 Aspen Plus Help | O] x|

n - - & & 6

Hide Back Forward Home Print  Options

Corterts | indax | Ssarch | Material Stream Input Mixed Sheet
- | 2] Contents =

@ Accessing Other Help Use this sheet to enter conditions, including composition and flow rates, for
1@ For Assistance or Information the MIXED substream. You must specify two of the following conditions:
EI--@ What's New in Aspen Plus V8.4
EI--@ Getting Started with Aspen Flus

« Temperature

El--@ Using Aspen Plus * Pressure
-8 Propetties Envionment Forms e Vapor fraction
':JM Simulztion Envirenment Forms Use the Flash Type fields to choose which two of these conditions to
E‘@ Satup specify, and the fields below them to enter the values.
i @ Property Sets : . : :
5@ Analysis The Mixed substream can include conventional solids. If you have added a
_‘| particle size distribution to the mixed substream and have non-zero flow for

& 0 Fowshest

at least one solid component, specify the particle size distribution here. If
the conventional solids have a component attributes, specify them here.
You must specify values for each attribute defined on the Components
Component Attributes | Selection Sheet.

- |?] Working with Matenal 5

; Mote: Stdvol as a basis for stream flow on this sheet means standard
Material Stream Input F e :
Egla .r\?alnm e liguid velume, which is defined at 1 atmosphere and defaults to 60°F. Click
,_.') vele " the Ref Temperature button to set a different reference temperature for
Iﬂ standard liguid volume flow, mass concentration, or mole concentration
2 Material Stream Inpi specifications. To enter flows in standard vaper volume, choose Mole basis | —
[2] Material Stream Inpi and select units such as scfm (standard cubic feet per minute) or scmh
2] Paticle Size Distriby (standard cubic meters per hour). The standard conditions for standard
7] Matenial Stream Inpi vapor volume depend on the units selected. For standard cubic feet, they
[2] Material Stream Inpi are 14.696 psia and 60°F. For standard cubic meters, they are 1 atm and
= . 02C. In both cases the standard flow assumes ideal gas.
@ Materal Stream Inpi

-4 Material Stream Fesults You can enter stream composition in terms of component flows, fractions, or
@ Hest Streams concentrations.

-4 Work Streams If you specify component fractions, you must specify the total mole, mass,
LE‘@ Blocks volume, or standard liquid volume flow. Component fractions are
- Utiities normalized (with 3 warning) if they do not add up to 1.

LE‘@ Reactions

) 0 Convergence

LE‘Q Flowsheeting Options
- .

o i »

Note: Volume (as opposed to standard volume) flow is provided as a
convenience for some users. If you specify total volume flow, this is
converted to a mole flow specification at the start of the simulation using
‘fhe other specifications for this stream. Changes vou make to strea[n _’_l;l

3 Scroll to the end of the help topic and click the underlined text Material
Stream Input Form.

The Material Stream Input Form help topic appears.

Aspen Plus displays the help for the Material Stream Input form, which, in
this case, consists of the following sheets: Mixed, CI Solid, NC Solid,
Flash Options, EO Options, Costing, Information.

4 When finished, close the help window.

To Get Help on any Topic

You can get help on any topic at any time by using the Help button.
1 At the right end of the ribbon, click (7]

-or-

press F1 from the keyboard.

2 Use the Up and Down arrow keys on the keyboard to move through the
Help contents.

3 In the Contents pane at the left, double-click Using Aspen Plus.
Tip: You can click Hide or Show on the help window's toolbar to hide or

reveal the left pane which displays the Contents, Index, and Search
tabs. You can click the Index and Search tabs to look for help by subject.



4 Double-click a topic labeled with the ™ icon to display the associated help
topic or double-click items labeled with the @ icon to view more topics.
5 When finished, close the help window.

Entering Data on a Sheet

Once an input sheet is opened, state variables, units, and numeric data may
be entered into the available fields (white rectangular boxes) or selected from
drop-down lists. There are two ways to move from field to field on a sheet:

e Press the Tab key on your keyboard.

e Position the cursor in the field and left-click.

In this simulation, enter missing temperature, pressure, and component flow
data for Stream 1.

1 If necessary, click the tab for the 1 (MATERIAL) form in the workspace
to make it active.

2 Enter the following state variable and component flow specifications on
the Mixed sheet:

Parameter Value Units
Temperature 180 F
Pressure 20 psia
Methanol mole-flow 50 Ibmol/hr
Water mole-flow 50 Ibmol/hr

Since the default units are appropriate for this simulation, you only need
to enter the values.

The completed 1 (MATERIAL) form appears below (the Navigation Pane
is not shown):

@ Mixed ‘ 1 Sahd MC Salid Flash Options

[ EQ Options lCosting 'Information |

|
| Specifications

Flash Type: Temperature (% Pressure v Campasition

Maole-Fl | Ibmol/h v
State varizbles ole-Flow mol/hr

Temperature: 180 F ¥ Component Walue
50
50

Pressure: 20 psia »

“Wapor fraction:

Total flow bazis: Mole o

Total flows rate; thmol/hr 4

Solvent: Total: 100

~ | Reference Temperatite

nt Attribtes

v | Particle Size Distrik




When all required specifications have been entered, a check mark (‘@)
appears on the tab header containing the sheet name. Check marks also
appear in the icons on the Navigation Pane.

Expert Guidance - the Next
Function

The Aspen Plus expert system, known as the Next function, guides you
through all the steps for entering specifications for your simulation model.
The Next function:

Guides you through the required and optional input for a simulation by
displaying the appropriate sheets.

Displays messages informing you what you need to do next.

Ensures that you do not enter incomplete or inconsistent specifications
even when you change options and specifications you have already
entered.

To Use the Next Function to Display the

Next Required Form
1 From the Quick Access Toolbar, click N#.

Aspen Plus displays the next sheet that requires input data, in this case,
the B1 (Flash2) - Input | Specifications sheet:

@ Specifications ] Flash Options | Entrainment Utility Information

Flash specifications

Flash Type: ey v Pressure v
Temperature: F v
Pressure: psia v
Valid phases

Vapor-Liquid v

Now you should enter the temperature and pressure specifications.

If you click M* while the sheet is incomplete, the Completion Status
dialog box appears indicating the missing specifications:



@Eumpletiun Status [_ O]

Temperature must be specified when Flash Type is Temperature.

Pressure must be specified when Flash Type is Pressure,

Click X in the upper right corner to close the Completion Status
message window.

2 Change the first option of Flash Type from Temperature to Duty by
clicking ¥ and selecting Duty from the list. The input fields of Pressure
and Duty are now active while other specifications are not valid.

This sets the necessary specification needed to run the flash calculation.

.

You can change the combination by clicking beside the input field for
each specification, and then selecting other options from the list.

In the Pressure value field, type 1.

4 In the Pressure units field, click ¥ and select atm to change the input
units from psia to atm.

5 In the Duty value field, type 0.
There is no need to change the units (Btu/hr is the default).

6 The box in the Valid phases area is set to Vapor-Liquid by default. For
this simulation, accept the default.

Note: Default values on input sheets appear in blue and italic unless you
modify them, in which case they will appear in blue and bold text.

The input data on the B1 (Flash2) - Input form is now complete:



@ Specifications Flash Options Entrainment | Utility |

Flash specifications

Flash Type: Duty v  Pressure v
Pressure: 1 atm v
Duty: 0 Btu/hr v
Valid phases

Vapor-Liquid v

The check marks (E’_b on the Navigation Pane and the absence of partially
filled circles () indicates that all required data have been entered on forms.
The Required Input Complete message at the lower left corner of the main
window indicates that all required data in the entire model have been
entered.

Running the Simulation

The input specifications for this simulation model are complete and the
simulation is ready to be run. Run the simulation in either of the following
ways:

e From the Home tab of the ribbon, in Run, click >

e From the Quick Access Toolbar, click b
e Press F5.

Once the process flowsheet has been fully specified, running the simulation is
easy.

To Run the Simulation

On the Home tab of the ribbon, in Run, click b

While Aspen Plus performs calculations for the simulation, the cursor has a
stop sign shape. The block being executed is also highlighted in the process
flowsheet window. When the calculations are complete, the cursor returns to
the arrow shape. On the Status bar at the bottom of the main window, the
message Results Available appears on the left.

The Economic Analysis dialog box appears. If you want to evaluate the
capital and operating costs, make sure that you have installed and have a
valid license for Aspen Process Economic Analyzer before clicking Activate.



Note: Click Control Panel in Run to open the Control Panel and check the
run-time message for the calculation. If the calculation completes with errors
or warnings, the warning or error messages will be shown on the Control
Panel.

Examining Stream and Block
Results

Now view the results for the flash overhead vapor stream (Stream 2) and for
the flash block (Block B1).

To Display the Flash Overhead Vapor
(Stream 2) Results

Display the process flowsheet by clicking the Main Flowsheet tab in the
workspace.

Note: If the streams in your process flowsheet now have temperature and
pressure data attached to them, you can remove these attachments by
clearing the check boxes for Temperature and Pressure in Stream
Results on the Flowsheet | Modify tab on the ribbon. After that, you
may wish to click the View tab on the ribbon, in Zoom, select Zoom Out
or Zoom to Fit to make your flowsheet look nice with the attachments.

2 Select stream 2 and right-click on the stream to display the shortcut
menu.

3 From the shortcut menu, select Results.

The 2 (MATERIAL) - Results form opens in a new window tab, providing
the thermodynamic state and composition flows of the vapor stream:

| haterial | Wal % Cunves Wit 2 Curves Petra, Curves Poly.

Display:  Streams | Format: GEM_E w Strearn Table
2 ~ w
Temperature F 165.3
Pressure psia 147
Wapor Frac 1
Mole Flow Ibmol/hr 10.759
Mass Flow Ib/hr 309.754
Volume Flow cuft/hr 491015
Enthalpy  MMBtu/hr -0.964

Mole Flow [bmaol/hr
METHAMOL 8.2684
WATER 2485



4 From the Navigation Pane, select Blocks | B1 | Results.

AllTterns i ‘ Surnrnary Balance | Phase Equilibriurm | Ltility: L

Note: You can expand the tree items shown on the Navigation Pane by
clicking the " symbol next to a closed folder. When you select a new
folder, it automatically expands with the first item selected.

The B1 (Flash2) - Results form appears with the overall results for the
block:

Rimilatan € Start Page Main Flowsheet | B (Flash2) - Input -~ 'B1 {Flash2] - Results - | +

Yol |Status :

ul

4 |y Blocks

Blaock results surnmary
4 LBl

St Outlet termperature: 165.284 F ¥

@] inpu

3 HCurves Cutlet pressure: 14,6959 psia w
& | Dynarnic Wapor fraction: 0.107594

@] Block Optians Heat duty: ] Btu/hr v
& EO hodeli

: '.f ool Met duty: 0 Btu/hr v

g Results

('3 Strearn Results Lst liquid / Total liquid: 1

['d Custorn Stream Res|
A Summary

Review the calculated flash outlet temperature and overall vapor fraction.

Click each tab shown in the B1 (Flash2) - Results window to browse
through the results. For example, click the Balance tab to review the
mass and energy balance data, and Phase Equilibrium tab to review the
vapor-liquid equilibrium results.

Modifying and Rerunning Your
Model

From the process flowsheet, select and right-click stream 1 to display the
stream shortcut menu.

Select Input.

The 1 (MATERIAL) form opens in a new window tab, with data on the
Mixed tab displayed in view.

In the Composition area, enter the following values for the component
mole-flows:

Component Value
Methanol 60
Water 40

On the Navigation Pane, the icons in front of the folder and form names

have changed to = and [, indicating the input data changed in these
forms.

On the Home tab of the ribbon, in Run, click P to run the simulation
with the new feed stream values.



5 When the run is completed, display the new results for the outlet streams
and the flash block.

Saving Your File and Exiting
Aspen Plus

For this example, save your file as both an Aspen Plus document (.apw) file
and an Aspen Plus backup (.bkp) file. Document files contain all the
intermediate convergence information from the simulation and are useful for
saving long simulations. This information is not forward compatible for new
versions of Aspen Plus. When you open a Document file in a newer version of
Aspen Plus, a backup file embedded in that document file will be used,
instead.

Backup files are compact, portable, and are forward compatible but contain
only the input specifications and simulation results. The first run using a
backup file will take just as long as the very first run of the simulation.

First, set Aspen Plus to create a backup file with each save.

To Change the Save Options

1 On the upper left corner of the ribbon, click File to open the File menu.
Click Options at the bottom of the menu.

The Simulation Run Options dialog box appears.

2 In the left pane, click Files to display the options available for file
settings.

File Type And Location Options

Simulation s 2 _
Specify options for file types and locations

Properties Basis

Files Save options
Flowsheet V| Always create backup copy
Pl ’ ;
o ¥| Use custom defined export list |  Edit.. |
Upward Compatibility —
Advanced Save documents as: | Compound File (*.apwz) * |
Startup
Compound file default reference file type
® .bkp
apw

3 In the Save options area, select the check box next to Always create
backup copy, if it is not already checked.

4 Click OK.

Next, save the simulation and exit Aspen Plus.



To Save and Exit

1 On the ribbon, click File and then move your cursor to Save As. A list of
available file types appears on the right side of the menu.

2 Click Aspen Plus Document to save your simulation as an Aspen Plus
document (.apw) file. The Save As dialog box appears.

If necessary, use the Save in list to navigate to your Aspen Plus working
folder. In this example, the folder is located in <driver>:\Program
Files\AspenTech\Working Folders\Aspen Plus <version>.

3 Type Flash as the file name in the File name field. Click Save.

Aspen Plus will place a file called Flash.apw and a file called Flash.bkp in
your Aspen Plus working folder. See the Aspen Plus User Guide for
detailed descriptions of the characteristics of these files.

4 On the ribbon, click File and select Exit.

You have completed an Aspen Plus simulation.



2 Building and Running a

Process Simulation Model

In this simulation, create an Aspen Plus process model for a
methylcyclohexane (MCH) recovery column.

This simulation is divided into three sections:

1 Building the Process Model.

2 Adding Data to the Process Model.

3 Running the Simulation.

4 Examining the Results.

Allow about 50 minutes for this simulation.

Building the Process Model

In this section, build the process model by performing these tasks:
1 Define the process to be simulated.

2 Start Aspen Plus.

3 Create a new simulation.

4 Define the required properties.

5 Build a process flowsheet.

Defining the Simulation:
Methyicyclohexane Recovery
Column

The process flow diagram and operating conditions are shown in Figure 2.1

2 Building and Running a Process Simulation Model 23



Phenol 1200 Ibmolthr

220°F —_—

7
20 psia - No. of equilibrium stages 22
—_— 14 Total condenser
MCH 200 Ibmol/hr Reflux ratio 8
Toluene 200 Ibmol/hr Distillate rate 200 Ibmol/hr
220°F N’ Condenser pressure 16 psia
20 psia Reboiler pressure 20.2 psia

_—

Figure 2.1 Simulation Definition: MCH Recovery Column

MCH and toluene form a close-boiling system that is difficult to separate by
simple binary distillation. In the recovery column in Figure 2.1, phenol is used
to extract toluene, allowing relatively pure methylcyclohexane to be
recovered in the overhead.

The purity of the recovered methylcylohexane depends on the phenol input
flow rate. In this session, create an Aspen Plus simulation that allows you to
investigate the performance of the column.

Starting Aspen Plus

1 From your desktop, select Start and then select Programs.
2 Select AspenTech, then Process Modeling <version>, then Aspen
Plus, then Aspen Plus <version>.

The Aspen Plus main window appears, showing the Start Using Aspen
Plus window.

Create a new simulation using an Aspen Plus built-in template.

Creating a New Simulation

Aspen Plus provides built-in templates for applications such as chemicals,
petroleum, electrolytes, specialty chemicals, pharmaceuticals, and metallurgy.

1 On the ribbon, click File and select New.

The New dialog box appears. Use the New dialog box to choose an
appropriate template for the new run.



To Specify the Template for the New Run

2 From the pane on the left of the New dialog box, click Chemical
Processes so that the chemical processes templates are shown.

3 Click the Chemicals with English Units template.
4 Click Create.

It takes a few seconds for Aspen Plus to finish setting up the new
problem.

The template is loaded with default settings for the simulation.

Defining the Required
Properties

Aspen Plus provides three working environments, Properties, Simulation,
and Energy Analysis. The Properties environment includes the set of
features available in Aspen Properties. For more information about Aspen
Properties, please refer to Aspen Properties Help. In the Simulation
environment, you can work on the process flowsheet, specify process data,
and execute the calculation. It is recommended that you set up all required
properties settings before configuring the simulation. The Energy Analysis
environment is used for optimizing energy usage in a completed simulation
model, and will not be covered in this document.

Note: Switch between the environments by clicking the Properties and
Simulation bars on the Navigation Pane. The list of folders and forms on the
Navigation Pane varies in different environments, and the available ribbon
tabs and the open windows also differ among the environments. For example,
the Main Flowsheet window can only be opened in the Simulation
environment; as a result, the Flowsheet tabs only appear on the ribbon
when you are in the Simulation environment and looking at the Flowsheet
window.

Aspen Plus starts a new simulation from the Properties environment. If you
need to specify the process flowsheet first, click the Simulation bar on the
Navigation Pane to switch to the Simulation environment.

Entering Components

Use the Components - Specifications form in the Properties environment
to select the chemical components present in the simulation.

1 Check if you are in the Properties environment by looking at the bars on
the Navigation Pane. The Properties bar should be highlighted, indicating
that the current environment is Properties.

2 From the Navigation Pane, click Components | Specification to open
the form.

The components for the process in this simulation are toluene, phenol, and
methylcyclohexane.



To Enter a Unique Component ID for Each
Component

1 In the Component ID field, type TOLUENE and press Enter on the
keyboard.

Because Aspen Plus recognizes the component name Toluene as an Aspen
Plus databank component, it fills in the Type, Component name, and
Alias fields automatically.

2 In the next Component ID field, type PHENOL and press Enter on the
keyboard.
Note: If the Update Parameters dialog box appears, click Yes to
continue.
Aspen Plus again fills in the remaining fields.

3 In the next Component ID field, type MCH and press Enter on the
keyboard.

The Aspen Plus databank does not recognize the abbreviation MCH.

4 In the MCH component name row, type METHYLCYC in the Component
name field and press Enter on the keyboard.

The Find Compounds dialog box appears.

5 Click the Databanks tab and the click By to move all to the Selected
databanks list.

6 Click the Compounds tab, select All for Compound class.
Compounds | Databanks

Search Criteria

Begins with

Mame or &lias: @ Contains METHYLCYC [ Eind Now l
Equals -

. qua MNew Search |

Compound class: IA” v| .
Help |

Molecular weight:  From I Ta I

Boiling point From I Ta I [ v|

7 Click Find now to list all the
components in the Aspen Plus databank .
that have a name containing Compound name  #¥ilias
METHYLCYC. METHYLCYCLOPENTZ  C&H12-2

. 1,1-DIMETHYLCYCLO  C7H14-2
8 The resulting compound names are very C1S-1 2-DIMETHYLCY:  C7H14-3

Compounds found matching the specil

long. To view the whole names, move TRAMS-1,2-DIMETHY C7H14-4
the cursor to the right edge of the CI5-1,3-DIMETHYLCY CT7H14-E2
Compound name column, until it turns TRAMNS-13-DIMETHY C7H14-E3

. + . 1-METHYL-1-ETHYLC C8H16-13
into the shape, then click and drag METHYLCYCLOMEXA! CTH14-6

to the rlght 99 PIRACTLV SWEL o U 1




9 From the list of components found from the databanks, locate and select
METHYLCYCLOHEXANE.

Compounds found matching the specified criteria

Compound name Alias
METHYLCYCLOPENTAME CeH1z-2
1, 1-DIMETHYLCYCLOPENTAME C7H14-2

CI5-1,2-DIMETHYLCYCLOPEMTANE C7H14-3
TRAMNS-12-DIMETHYLCYCLOPENTANE CT7H14-4
CIS-1,3-DIMETHYLCYCLOPEMTAMNE C7H14-E2
TRAMS-1,3-DIMETHYLCYCLOPENTAME CTHI14-E3
1-METHYL-1-ETHYLCYCLOPENTANE C8H16-13

METHYLCYCLOHEXAMNE C7H14-6

11 MTRACT LW ST U CY AR CRUtE

Add selected compounds

Matches found : 54

10 Click Add selected compounds.
11 Click Close.
Note: If you need to search for components based on molecular weight

range, boiling point range, or CAS numbers, specify values in the fields on
the Compounds tab to perform advanced search.

You have now specified the three components required for this process
simulation model: Toluene, Phenol, and Methylcyclohexane:

& Selection Petroleum Nonconventional | & Enterprise Database Inform

Select components:

Component ID Type Component name Alias
TOLUENE Conventional TOLUENE C7H8
PHENOL Conventional PHENOL C6H60
MCH Conventional METHYLCYCLOHEXA (7H14-6
»
. Find ‘ | Elec Wizard ] | User Defined _' | Reorder | | Review |
12 Click N,

Note: You can navigate to the incomplete forms yourself by cIicki%g on
folders in the tree view on the Navigation Pane marked with the =
symbol.

The Binary Interaction -NRTL-1 (T-DEPENDENT) | Input sheet
appears.

13 From the Navigation Pane, click Methods | Specifications.

Methods - Specifications | Global sheet appears. This sheet is already
complete with the default settings from the Chemicals with English Units
template.



Selecting Thermodynamic Methods

Use the Methods - Specifications form to select the property method used
to calculate properties such as K-values, enthalpy, and density. The Base
method list contains various property methods built into Aspen Plus. The
specific methods in the list depend on the chosen method. To see all the

available methods (a very long list), in the Method filter field, click ™ and
select ALL.

Note: Clicking the Modify check box allows you to create a custom property
method that starts out identical to the chosen base method but may be
modified according to your needs. For more information, see the online help
topic Using Aspen Plus | Entering Property Specifications | Physical
Property Methods.

For this simulation, use the UNIFAC property method to calculate
thermodynamic properties.

To Find the Appropriate Type of Base Method for
this Simulation

1 In the Base method list, click ' to display the available property
methods in Aspen Plus:

I & Global i Flowsheet Sections | Referenced i Information
Property methods & options Method name:
i : IMMON
Mehod e O — | NRTL v| | Methods assistant...
Base method: NRTL [v)
Henry components: BK10 Modify
CHAO-SEA
Petroleum calculatio{ ELECNRTL
IDEAL &
Free-water method: NRTL
Water solubility: PENG-ROB
POLYNRTL &
Electrolyte calculatio PSRK
. SOLIDS
Chemlstry 1D: SRK
¥ Use true compony IAPWS-95
WILSON
WILS-GLR
UNIQUAC
PC-SAFT
NRTL-SAC
ENRTL-RK
ENRTL-SR

Get a brief description of a base method by selecting it and reading the
messages shown in the Messages Panel. For detailed information about
a base method, refer to the Physical Property Methods reference manual.

2 From the Base method list, select UNIFAC.



3 Click N,
The Properties Input Complete dialog box appears.

The Required Properties Input Complete message appears on the left side
of the Status bar.

Aspen Plus can run the properties calculation if you select the Run
properties analysis / setup option in the Required Properties Input
Complete dialog box.

4 Select the option Go to Simulation environment and click OK.
You have completed the required input for properties.

Now enter the Simulation environment to build the process flowsheet and
input the process data.

The process flowsheet window now opens in a window named Main
Flowsheet. It docks in the workspace (beside other open windows, if any).

Defining the Flowsheet

In the flowsheet for the MCH process shown in Figure 2.1, there are two feed
streams (MCH-toluene feed and phenol solvent), one unit operation (an
extractive distillation column), and two product streams (distillate and
bottoms).

Set up the Aspen Plus process flowsheet by placing the unit operation block in
the workspace and connecting four streams to it.

If you do not see the Model Palette below the Flowsheet:

To Open the Model Palette

1 Click the View tab on the ribbon.
2 Click Model Palette.

The Model Palette docks below the Flowsheet with icons for the unit
operation blocks shown on several tabs.

To Select a Unit Operation Block
1 On the Model Palette, click the Columns tab.

The list of available distillation columns appears displayed as a row of
icons. Moving the cursor over a block causes a description to appear
beside the block icon.

2 Read the prompt for the RadFrac block.
The description suggests this is the right model for this simulation.
3 Select RadFrac, then press F1 (the Help key) on the keyboard.

The help information confirms that RadFrac is suitable for extractive
distillation.

4 Close the Help window.
A number of icons are available to represent the RadFrac block.



To Choose a RadFrac Icon and Place a Block

1 Click the arrow to the right of the RadFrac column.
The available icons for RadFrac appear:

)
J
0,
E

—

RADFRAC

)
J

9
L]

2 Move the cursor over the displayed icons to view the label for each icon.
3 Click the icon labeled FRACT1 to select the model.
4 Move the mouse to the middle of the workspace and click the left mouse
button.
The block appears on the flowsheet with the default name B1:

|l Y| Tt ===

A | Sy | =~

_ Start Page ' Main Flowsheet  + N
| Al
B1
| Vl
7] -1
Model Palette « 0 X
E] Mixers/Splitters Separators Heat Exchangers Columns o
Dq@@@@@?}
Material DSTWU Distl RadFrac Extract MultiFra

5 To stop the automatic naming of blocks and streams, on the Modify tab
of the ribbon, click the arrow at the bottom right corner of Stream

30
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Results, this opens the Flowsheet Display Options dialog box. Clear
the check boxes in front of Automatically assign block name with
prefix and Automatically assign stream name with prefix. Click
Apply and then OK to close the dialog box.

Notes about block placement:

FRACT1 is now the default icon for the RadFrac block.

Clicking once on an icon enables multiple block placement. The cursor
becomes a crosshair and you can click anywhere on the process flowsheet

to place any number of blocks. Click @ or the right mouse button when
finished.

Your RadFrac block may have a 3-D appearance. The 3D Icons check box
in Unit Operations, on the Modify tab of the ribbon determines whether
these icons are used.

To Connect Streams to the Block

—

-

From the Model Palette, click | Material | once This will allow you to place
multiple streams.

Move the cursor (now a crosshair) onto the process flowsheet.

Ports on the block that are compatible with the stream are indicated by

arrows. Red means required; blue means optional. Hover over a port to
see a description.

Find the Feed (Required; one or more) port and click once to connect a
feed stream to the port.

Move the cursor to any blank part of the process flowsheet and click once
to begin the feed stream at that location. The Add Stream dialog box
appears. Type 1 as the name for the feed stream.

Create another material feed stream, stream 2, connecting to block B1 at
the same port as Stream 1 by repeating steps 3 and 4.

Create another stream (Stream 3) connected to the liquid distillate port
near the top of the block. The full name of this port is: Liquid Distillate
(Required if Distillate Vapor Fraction < 1 (Setup Condenser
sheet)).

Connect Stream 4 to the Bottoms (Required) port.

Click E] to stop adding streams.
Your process flowsheet is now complete:



B1

¢
[]
£

= (1]

o>—z]

EE

The status indicator in the bottom left corner of the main window says
Required Input Incomplete indicating that further input specifications are
required before running the simulation.

Notes about Stream placement:

e To select a Heat or Work stream instead of a Material stream, click the
arrow next to the stream icon on the left side of the Model Palette and
choose either the Heat or Work stream icon.

e To cancel connecting a stream at any time, press the Esc key on the
keyboard or click the right mouse button.

e You can delete a stream by selecting it and pressing the Delete key.
However, Aspen Plus will continue to increment the numeric label for new
streams, if they are being labeled automatically.

e To rename a particular stream, select it, right-click, and click Rename
Stream on the shortcut menu.

e The easiest way to get the shortcut menu is to select the stream label and

right-click in its box.

e Click the stream icon on the Model Palette and drag to place a single
stream. Drag to a port and release the left mouse button to connect the
stream. Move the cursor to any blank area or another port and click once
to place the other end of the stream.

Adding Data to the Process
Model

Now that you have created your process flowsheet, use the input forms to
enter the remaining required information for this run.

The Aspen Plus Next function (available with the N* button in the Quick

Access Toolbar and Home tab of the ribbon) displays the required input

sheets automatically. You can also navigate to an input sheet in any of the

following ways:

e Use the Navigation Pane to navigate to any input form.

e Select a stream or block in the process flowsheet, right-click, and then
select Input on the shortcut menu.

e Double-click a stream or block in the process flowsheet.



Specifying a Title for the
Simulation

1 From the Navigation Pane, click Setup | Specifications.
The Setup - Specifications | Global sheet appears.

| & Glabal | & Description | Accounting | & Diagnoastics Information

Title:
Global settings

Global unit set: ENG v
Input rmode: Steqdy-State v
Strearn class: CONYEM v
Flowy basis: Mois v
Srnbient pressure: 14,6959 psi . d

Armbient ternp.:

Walid phases: v
Free water: Mo v
Operational year: 8766 hr -

2 In the Title box, enter the text Methylcyclohexane Recovery Process
and press Enter on the keyboard.

The Setup - Specifications form displays a number of settings that apply to
the whole simulation. The chosen template set the units to English (ENG).
These may be changed here globally, or in other sheets for particular streams
or blocks. For more information about global specifications, see the online
help topic Using Aspen Plus | Entering Data for Simulations | Global
Information for Calculations.

Specifying Data to be Reported

Results data may be examined interactively in Aspen Plus or after exiting by
viewing a report file with a text editor.

For this simulation, tell Aspen Plus to calculate mole fractions as well as a
built-in set of properties called TXPORT.
1 Navigate to Setup | Report Options by clicking once on the Report
Options form under the Setup folder on the Navigation Pane.
Note: If the Report Options form is not visible click the ' symbol next to
the Setup folder to expand it.
The Setup - Report Options | General sheet appears.

By clicking the appropriate tab, you can customize the reporting for
specific parts of the simulation.

2 Click the Stream tab.



3 In the Fraction basis area, select the Mole check box.

| General | Flowsheet Block @ Stream Property | ADA |

[¥] Generate a standard stream report [¥] Include stream descriptions

-Items to be included in stream report

-Flow basis -Fraction basis -Stream format
[¥] Mole [¥] Mole TFF:  CHEM_E |
[T Mass "] Mass @ Standard (80 column)
[T Std.ligovolume Il Std.igwvolume 1 Wide 1132 column)

[¥] Components with zero flow or fraction | Sort streams alphanumerically

| Include Streams | [ Exclude Streams | | Property Sets | | Component Attributes

| Strearn Mames | [ Batch Operation | | Supplermentary Stream l

Now Aspen Plus will calculate and report mole fractions of all stream
components.

4 Click Property Sets.

5 The template you chose at startup contains a number of available

property sets. Select TXPORT from the list and click Ll to move the
property set to the Selected property sets column.

B Property Sets

Property sets
Available property sets Selected property sets
'HXDESIGN (DPORT
| HXDSGN2 | 2 ‘

THERMAL? [ >
!KEPORH i = l
[ [<<|

Now Aspen Plus will calculate and report density, viscosity, and surface
tension for all streams. To learn more about Aspen Plus built in property
sets and user-defined property sets, see the online help topics Using
Aspen Plus | Entering Data for Simulations | Global Information
for Calculations | Report Options | Customizing the Stream Report
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| Designating Property Sets and Aspen Plus Reference | Physical
Property Data Reference Manual | Property Sets.

6 Click Close.
7 Click N,
The 1 (MATERIAL) - Input form appears.

Entering Stream Data

Make Stream 1 the MCH-Toluene feed stream.

1 On the 1 (MATERIAL) - Input | Mixed sheet, enter the following state
variable and component flow specifications for the MCH-Toluene feed
stream:

Parameter Value Units
Temperature 220 F
Pressure 20 psia
Toluene flow rate 200 Ibmol/hr
MCH flow rate 200 Ibmol/hr

Because the default parameters and units are correct for this simulation,
you only need to enter the values.

The 1 (MATERIAL) - Input | Mixed sheet is complete:

I @ Mixed |'.Zi Salid MC Solid | Flash Options I EQ Options I Costing I Information |

| Specifications

Flash Type: Temperature |%| Pressure ¥ Cormposition
. Maole-Flow * | lbmol/hr b

State wvariables

Ternperature: 220 F . Component Yalue
Pressure: 20 psia v 200

Wapor fraction:

200

Total flaw basis: Male v

Total flow rate; tbmol/hr v

Solvent Tatali 400
LY EFEnCe T At
W rrrparrent Stk
~ | Particle Size Distobution

2 Click N,

The 2 (MATERIAL) - Input | Mixed sheet appears.
Make Stream 2 the phenol feed stream.



3 Enter the following specifications for Stream 2:

Parameter Value Units

Temperature 220 F

Pressure 20 psia

Phenol flow rate 1200 Ibmol/hr
4 Click N+,

The B1 Specifications - Setup | Configuration sheet appears:

@ Configuration w Streatns I e Pressure | Condenser | @ Reboiler 3-Phiase

setup options

Calculation type: Equilibriurm v
Mumber of stages: :
Condenser: v
Reboiler tettls b
Valid phases: Vapor-Liguid v
Convergence: Btandard v
Operating specifications
Distillate rate ¥| Mole ¥ Ibrmol/hr v
Refiux ratio w| Mole x
Free uater reflux ratio: 0

Entering Unit Operation Block
Data

On the B1 (RadFrac) - Setup form, the number of stages, the condenser

type, and two operating specifications are required data. The reboiler type,

valid phases, and convergence method have default choices displayed in

shaded type.

1 Click each box and read the descriptive messages on the Message Panel.
To view the Message Panel, on the View tab of the ribbon, click Message
Panel.

If you click N* while the sheet is incomplete, the Completion Status
message box appears indicating the missing specifications:



A Completion Status Q@1

Condenser must be specified.

Number of Stages must be specified.

Two of Distillate/Bottoms/Reflux/Boilup Rate, Reflux/Boilup Ratio, Distillate/ L
Bottoms to Feed Ratios, Condenser/Reboiler Duty (or inlet heat stream to top/
bottom stage (Setup Streams), or utility exchanger for top/bottom stage
(HeatersCoolers UtilityExchangers)) must be specified,

m

Close the Completion Status dialog box.
2 Enter the following specifications for the column:

Parameter Value Units
Number of stages 22 —
Condenser Total —
Distillate rate 200 Ibmol/hr
Reflux ratio 8 —

Accept the defaults in the Reboiler, Valid phases, and Convergence

fields.

The blue check mark on the Configuration tab indicates the sheet is

complete:

@ Configuration e Streams | ww Pressure | & Condenser | & Reboiler | 3-p

- Setup options

Free water reflux ratio:

Calculation type: Egquilitrium v

Murnber of stages 22 t '

Condenser: Total vl
Reboiler Kettie 2]
Walid phases: Vapor-Liguid v
Corvergence: Stondard vl
-Operating specifications

Distillate rate v/ Mole ¥ 200 Ibmol/hr

Reflux ratio |»| Mole ¥ 8

=

3 Click N* or click the Streams tab.
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7

8
9

The B1 (RadFrac) - Setup | Streams sheet appears.

In the RadFrac model, there are N stages. Stage 1 is the top stage (the
condenser); stage N is the bottom stage (the reboiler). As shown in Figure
2.1, the MCH-Toluene feed (stream 1) enters above stage 14, and the
phenol solvent stream (stream 2) enters above stage 7.

Enter 14 in the Stage field for Stream 1.
Enter 7 in the Stage field for Stream 2.

Accept the defaults for the entry point conventions for the feed streams
and for the locations and phases of the product streams.

The B1 (RadFrac) - Setup | Streams sheet is complete:

| & Confiquration | @ Streams | - Pressure | & Condenser

Feed streams

Marne Stage Conwvention
1 14 Above-Stage
2 7 Above-Stage

Product strearms
Marre Stage Phase Basis
3 1 Liquid bale
4 22 Liquid hdole

Click N#,
The B1 (RadFrac) - Setup | Pressure sheet appears.

You can enter a stage-by-stage profile, or specify a top-stage pressure
and a pressure drop for the rest of the column. For this example, use a
condenser pressure of 16 psia, and a reboiler pressure of 20.2 psia. Aspen
Plus interpolates the pressure of the intermediate stages.

hos

In the View list, click and select Pressure profile.
In the first Stage field, type 1 and then press the Tab key.

10 In the first Pressure field, type 16 and press Tab.

11 In the next Stage field, type 22 and press Tab.

12 In the next Pressure field, type 20.2 and press Enter.
13 Accept the default Pressure units (psia).

The completed B1 (RadFrac) -Setup | Pressure sheet looks like this:



.{’)Configuration | & Streams & Pressure

View: Pressure profile v

Pressure profile

Stage Pressure
psia v
1 16
22 20.2
>
14 Click No.

The Required Input Complete dialog box appears.

Note: You can enter additional specifications on optional input sheets, or go
back to any of the required sheets and make changes. To see what optional
input sheets are available, click Cancel on the Required Input Complete
dialog box and navigate through the Navigation Pane to view all the folders.
The Reactions, Convergence, Flowsheeting Options, and Model
Analysis Tools folders are optional.

Running the Simulation

From the Required Input Complete dialog box, click OK.

The Control Panel appears and the simulation run begins:

Hide Sequence <

= ] Calculation Sequence Block: Bl Model: RADFRAC
&rBl
Convergence iterations:
ML IL Err/Tol
8 667.71
2708.57
44 .837
16.727
5.1856
1.e835
.19138

2

e I - T R S FTRE N o

L

b b b b b b b
(ITRF R AR

-»Simulation calculations completed ...

*** No Warnings were issued during Input Translation ***

**% No Errors or Warnings were issued during Simulation ***

v | Show EO Control

Use the Control Panel to monitor and interact with the Aspen Plus simulation
calculations. For more information on how to use the Control Panel, see the
topic Control Panel: about in the online help index.



As Aspen Plus executes the simulation, status messages appear in the Control
Panel. When the simulation is complete, the message Results Available
appears on the status bar at the bottom of the main window.

The Economic Analysis dialog box appears. If you want to evaluate the
capital and operating costs, make sure that you have installed and have a
valid license for Aspen Process Economic Analyzer before clicking Activate.

Note: Click the tabs at the head of the active forms to navigate between
different windows. For example, to view the Flowsheet, click the
Main Flowsheet tab.

Examining Simulation Results

Now you can examine the results of your simulation.

1 Navigate to the process flowsheet in one of these ways:
o Click the Main Flowsheet tab, or
o Click the icon of Flowsheet on the Quick Access Toolbar, or
o Click Flowsheet in Show on the View tab of the ribbon

To Display the Results for Block B1

2 On the process flowsheet, select either the block name B1 or the block
itself, then right-click to display the shortcut menu.

Note: You may wish to alter the appearance of your flowsheet by using

the Zoom tools on the View tab of the ribbon, for example, Zoom to Fit.
3 From the shortcut menu, select Results.

The B1 (RadFrac) - Results | Summary sheet appears:

‘ Surnmary | Balance | Split Fraction | Rebailer Utilities Stage LW
Basic:  [NEITHEN v
Condenser / Top stage performance
Mame Walue Units
Ternperature 218,829 F

Subcooled temperature
Heat duty -241735e+07 Btu/hr

Subcooled duty

Reboiler f Bottom stage performance

Marme Walue Units
Temperature 325305 F
Heat duty 3.16151e+07 Btu/hr =
Bottorms rate 1400 Ibrralfhr

Boilup rate 1604.35 Ibrmalfhr



9

For this run, block results are reported on three forms: Results, Profiles,
and Stream Results. On the Navigation Pane, a check mark in a square

= appears next to each form to indicate that they contain results.
From the Navigation Pane, select Blocks | B1 | Profiles by clicking once
on Profiles.

The B1 (RadFrac) - Profiles | TPFQ sheet appears, reporting
temperature, pressure, heat duty, and flow profiles for the block:

| TRFO | Compositions | K-alues | Hydraulics Feactions Efficiencies Propertie

Wiew: Al | Basist Maole b
Stage | Temperature Pressure Heat duty Liquid from (Mole)  Waporfrom (Mole)
F | psia | Btufhr | |bmalfhr | lbrmaolfhr v

1 218829 15 -241735e+... 1800 ]
2 219.689 162 0 1599.83 1200
E) 22059 154 o 1598.44 179983
4 221.585 166 0 1584.19 1798.44
5 222,835 168 ] 15808 170419
] 225037 17 0 1504.54 1780.6
7 235917 17.2 a 2892 1704.54
g 236,868 174 a 280405 18492
] 237.883 176 ] 2893.18 1884.05
10 230,003 178 0] 2805.00 1895.18

- e — - I

Use the scrollbar(s) to view the displayed profiles.

Click ™/ next to the View list and select Stage flows.

Use the Basis list to specify the type of units available for the displayed
results.

Use the units box in each column to select the desired units for the
display. Aspen Plus will perform the conversions automatically.

Use the Navigation Pane and the tabs on each form to view the rest of the
results for Block B1. Click the Compositions tab.

10 Check the purity of the methylcyclohexane overhead product by

examining the composition at the top of the column (stage 1).



| TPFD Cornpositions K-%alues | Hydraulics Reactions

Wiew: Wapor | Basist Mole bt

Stage TOLUEME PHENOL MCH -
1 0.0261021 0.000626522 0.973271

2 0.0260952 0.00131024 0.972595

3 0.0260011 0.00259755 0971311 3
4 0.026104 0.0050898 0.968806 [
5 0.0261591 0.0102002 0.963632

B 0.026305 0.0221692 0.951526

7 0.0268032 0.0605317 0.012865

8 0.03588654 0.0607832 0.900351

9 0.0534363 0.0810035 0.88356

10 0.077764 0.0612142 0.861022

11 0.107&88 0.0614638 0.830848

12 0.147304 0.0618044 0.790802

12 A1001 46 ANE12ENT A 728004 °

This simulation predicts a little better than 97% purity for the MCH product
with the given stream and block specifications.

Examining Stream Results

Display calculated stream results by selecting a stream directly from the
process flowsheet.

To Display the Results for Stream 3

1 Navigate to the process flowsheet.
2 Select Stream 3 and right-click to display the shortcut menu.
3 Select Results.

The 3 (MATERIAL) - Results | Material sheet appears, providing the
results for Stream 3:



| katerial | Wol 3 Curves W, 35 Curves Petro, Curves Paly,

Display:  [BigEliE | Format: GEM_E v Strearn Table
3 w w
Temperature F 2188
Pressure psia 156
Vapar Frac 0 =
Mole Flow |bmol/hr 200
Mass Flow |b/hr 19605
Volume Flow cuft/hr 450.644
Enthalpy  MMBtu/hr -14.509
Male Flow lbmoalfhr
TOLUEME 5219
PHENCL 0.262
MCH 184,519
Mole Frac .

In addition to the thermodynamic state and flow results for the stream, mole
fractions are also given (use the vertical scroll bar to view them) because you
requested them by clicking the appropriate check box in the Setup | Report
Options | Stream sheet.

To Display the Results for All Streams on
the Same Sheet

1 On the 3 (MATERIAL) - Results | Material sheet, click the box at the
top of the first column of the data table (ignoring the field labels at the
left) and select 1.

2 Click the list box in the second column and select 2.
Click the list box in the third column and select 3.
4 Click the list box in the fourth column and select 4.

The results for all four streams are displayed. A quicker way to do this is
to select All streams in the Display box.

w

Note: You can close some of the windows if you wish. Click the X at the right
side of the window's tab to close that window.

Changing Input Specifications

In this section, review the effect of increasing the solvent flow rate on the
purity and of the recovered methylcyclohexane.



To Increase the Phenol Solvent Stream

Flow Rate

1 Navigate to the Flowsheet.
2 Select Stream 2, and right-click to display the shortcut menu.
3 Select Input.

The 2 (MATERIAL) | Mixed sheet appears.

4 In the Composition field, change the flow rate for PHENOL from 1200
Ibmol/hr to 1800 Ibmol/hr by changing the entry in the Value field to
1800 and pressing Enter on the keyboard.

Since you have changed the input specifications, the symbols _Jland

appear in several places on the Navigation Pane. The 4 (Run) command on
the Home tab of the ribbon is now enabled.

Rerunning the Simulation with
Changed Input

Click N* to continue.

The Required Input Complete dialog box appears indicating that your
input is complete and asking if you want to run the simulation with the
new specifications.

2 Click OK to run the simulation.
The column calculations are completed using the new phenol flow rate.

3 Display the new block and stream results by either selecting blocks and
streams from the process flowsheet as before or navigating using the
Navigation Pane.

MCH purity with the increased phenol flow rate is now over 98%. To choose
an optimal flow rate, it would be helpful to generate a plot of MCH purity
versus phenol flow rate. This is the subject of Chapter 3 Performing a
Sensitivity Analysis.

Creating Reports

To Generate a Report File

Aspen Plus allows you to generate a report file containing the simulation
specifications and calculated results.

1 From the ribbon, select File and then move the cursor to Export.



mal
T

CAPE-OPEM Package
Export property information in the

lrrpart >
%E current problem to create a
CAPE-OPEM property package.

Bk

Export k

Edit Compound File

b
v

Print Previeu

fer

g

Print

Page Setup

=
IE'___,._

Ahout

File
Dl Mews @ Export a dacurment.
=3 EC Wariables
== o ¥ & Exportattributes of EQ wariables to
l:)(:l w-file orwanables file
i_'T Claze
Szpen Plus Dynarmics - Flow Driven
o Export Aspern Plus Dynarnics file for
H s a2 flow driven simulation,
% Aspen Plus Dymamics - Pressure Driven |
ﬁ e e r (7 pressure driven simulation,

- Options | Exit

A list appears on the right. Click File. The Export dialog box appears.

2 In the Save as type list, select Report Files (*.rep).

File name: | definesheets

v|

Save as type: | Report Files (*.rep)

v

= Hide Falders History File (*.his)

Summary Files (*.s5um)

Input Files (*.inp)

Input Files with Graphics (*.inp;*.apmbd)

Run Messages (*.cpm)

XKML Results File (*xml)

Problemn Definition File (*.appdf)

EQ Solver Report File (*.atshv)

DMO Solver Active Bounds Report File (*.atact)

Ba ckui Files (*, bkE]

3 In the File name field, type MCH.

2 Building and Running a Process Simulation Model
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4 Click Save to generate the report file, MCH.rep.

By default, MCH.rep is saved in your working directory (displayed in the
Save in box). You can select another directory by navigating to it.

You can open MCH.rep with a text editor to read or print the file; it is not
necessary to be running Aspen Plus at the same time. If you double-click on
an Aspen Plus report file, it will be opened with a Windows text editor, most
likely Notepad.

To View and Save Part of a Report

You can also examine the report before exiting Aspen Plus by clicking Report
in Summary on the Home tab of the ribbon. The Report dialog box allows
you to select which part of the report you want to display (for example, data
from Stream 1 only). Aspen Plus will display the selected part of the report
(or the whole report, if you select Simulation) using Notepad. From the
Notepad window, you can then save the report fragment you are currently
viewing by selecting File | Save as.

Saving Your File and Exiting
Aspen Plus

From the ribbon, click File, and move the cursor to Save As.

A list appears on the right. Click Aspen Plus Document. The Save As
dialog box appears.

2 In the File name field, type MCH. Make sure the Save as type field
reads Aspen Plus Documents (*.apw) and click Save.

Aspen Plus saves the simulation in your working folder.
Note: This folder is located in
C:\Program Files\AspenTech\Working Folders\Aspen Plus <version> if

C:\Program Files\AspenTech is the Root Directory selected when Aspen
Plus was installed.

3 Select File | Exit to exit Aspen Plus.
Chapters 3 and 5 use MCH.apw as their starting point.



3 Performing a Sensitivity

Analvysis

One of the benefits of a simulation is that you can study the sensitivity of
process performance to changes in operating variables. With Aspen Plus, you
can allow inputs to vary, and can tabulate the effect on a set of results of
your choice. This procedure is called a sensitivity analysis.

In this chapter, you will perform a sensitivity analysis using either the
methylcyclohexane (MCH) recovery simulation you created in Chapter 2 or
the MCH simulation that was placed in the Examples folder when you
installed Aspen Plus.

Allow about 20 minutes for this simulation.

Startlng Aspen Plus

From your desktop, select Start and then select Programs.

2 Select AspenTech | Process Modeling <version> | Aspen Plus |
Aspen Plus <version>.

The Start Using Aspen Plus window appears in the main window.

3 Performing a Sensitivity Analysis 47



Opening an Existing Simulation

You can open a saved simulation file from the list presented at startup, or by
navigating to a folder containing the saved file. For this session, either open
your saved MCH.apw from Chapter 2, or use MCH.bkp in the
Examples\GSG_Process folder.

If Your Saved File MCH.apw is Displayed

To open an existing simulation:
1 On the Start Using Aspen Plus window, find Recent Models.
2 In the list, select MCH.apw and click OK.

If Your Saved File MCH.apw is not
Displayed
1 Click File on the ribbon and select Open.
The Open dialog box appears.
2 Navigate to the directory containing your saved MCH.apw or navigate to
the Examples\GSG_Process folder containing MCH.bkp.

Note: The Examples folder is located in:

C:\Program Files\AspenTech\Aspen Plus <version>\Favorites\Examples, if
C:\Program Files\AspenTech is the Root Directory selected when Aspen
Plus was installed.

3 Select either MCH.apw or MCH.bkp and click Open.
The Flowsheet window of the MCH column simulation appears.

Saving a Simulation under a
New Name

Before creating a new simulation from MCH.apw or MCH.bkp, create a file
with a new name, MCHSENS.apw. Now you can modify this new file. The
original is safe.

1 From the ribbon, click File and then move the cursor to Save As.

2 In the Save As list which appears on the right side, select Aspen Plus
Document.

The Save As dialog box appears.

3 Choose the directory where you want to save the simulation from the
Look in list.

4 In the File name field, enter MCHSENS.
5 Click Save.



Defining the Sensitivity
Analysis

In Chapter 2, you simulated MCH recovery using two values for the phenol
solvent flow rate. In the following sensitivity analysis, tabulate
methylcyclohexane (MCH) distillate product purity (mole fraction), as well as
condenser duty and reboiler duty, for several different flow rates of phenol.

To do this, you must make sure that you are in the Simulation environment
by checking that the Simulation bar is highlighted on the Navigation Pane.

Entering Sensitivity
Specifications

To Create a New Sensitivity Block

1 Select Model Analysis Tools | Sensitivity.
The Sensitivity object manager appears.
You can use this sheet to:
o Create new sensitivity blocks.
o Edit existing sensitivity blocks.
o View status of sensitivity blocks.
2 Click New.
The Create New ID dialog box appears.
3 Click OK to accept the default ID S-1.
The S-1 | Vary sheet appears.
This sensitivity analysis will generate a data table. The first column will
contain a user-specified range of input values for the phenol flow rate. Three

other columns will contain calculated results for MCH distillate product purity,
the condenser duty, and the reboiler duty.

In the Vary sheet, specify the range and increments for the manipulated
variable (phenol flow rate). In the Define sheet, define names for each of the
calculated variables (product purity, condenser duty, reboiler duty). In the
Tabulate sheet, set up the format you want for the data table.

Start with the definition of the MCH distillate product purity variable.

To Specify the Manipulated Variable

Define the phenol flow rate (Stream 2) to vary from 1200 Ibmol/hr to 2000
Ibmol/hr in increments of 100 Ibmol/hr.

.

1 In the Edit selected variable section, click beside the Variable field,
select <New>. The value of this field then changes to 1.



"

In the Type field, select Stream-Var.

In the Stream field, select 2. The Substream and Variable fields
appears. MIXED has been selected as the Substream. You need to fill in
the Variable field.

While you could click }_M and search for Mole Flow, the list of Stream
Variables is not very long, so you may find it easier to pick from a list.
Both methods of identifying and selecting variables are acceptable.

In the Variable field, click ¥ and select MOLE-FLOW.

In the Manipulated variable limits area, select Specify limits and
Increment and enter the following values:

Field Value
Lower 1200
Upper 2000
Increment 100

Click “* to open the Report labels area. Here you have the option of
entering up to four lines to be used as a column header in the Sensitivity
table. Enter the following report labels:

Line Value
Line 1 PHENOL
Line 2 FLOWRATE

You have completely specified the phenol flow rate as a manipulated
variable for this sensitivity analysis:

[Qﬁ\-’ary |IODefine |G\Tabulate JOptions |Case.< |F0r‘tran |Dec|arations :Information I

[¥] Active [l case study

A | Manipulated variables {drag and drop variables from form to the grid below)

“ariahle Active Manipulated variable Currer

1 @] Strearmn-Yar Stream=2 Substrearn=MEED Wariable=tMOLE-FLOWY

Mew,.,

# | Edit selected wariable

Manipulated variable Manipulated variable limits

G @1 = @ Specify limits

Type: Stream-Yar - Lower; 1200

Strearn: 2 - Upper: 2000

Substrearm: MIXED W | Mumber of points: =

Varisble:  [3] MOLE-FLOW - ® Increment; | 100 Ibmisl/hr
Units: fbrmalshr * List of values

# | Report labels

Line 1t PHENOL
Line 2: FLOWRATE

Next, define the variables.



To Define XMCH as Distillate Product Purity

1

W

Click N# or click the Define tab. On the Define sheet, click New.
The Create new variable dialog box appears.
Type XMCH and click OK.

The variable XMCH appears in the Edit selected variable section. Define
XMCH to be the mole fraction of MCH in Stream 3 as follows.

In the Category area, select Streams.
In the Reference area, click the Type field and select Mole-Frac.
In the Stream field, select 3.

In this simulation, you do not need to modify the default value of MIXED
in the Substream field.

In the Component field, select MCH.

You have defined XMCH to be the mole fraction of MCH in Stream 3. The
blue checkmarks indicate that the variable specification is complete.

i (?j\u"ar_\,' | @ Define | w Tabulate i Fartran [ Declarations I Optional |
~ | Measured variables

Flowsheet variable  Definition

XMCH Mole-Frac Stream=3 Substream=MIXED Component=MCH
Mew...
# | Edit selected variable
Variable name: @ XMCH v Reference
Type: Mole-F v
Cobadiuey ype ole-Frac
Stream: 3 v
All
Substream: MIXED ~
ks Component: MCH w

@ Strearns
| Model Utility
! Physical Property Parameters

Reactions

Next, define the condenser duty and reboiler duty variables.

To Define QCOND as the Condenser Duty
and QREB as Reboiler Duty

1

Click New again.
The Create new variable dialog box appears.
Type QCOND and click OK.

In the Variable list, select QCOND. Now define QCOND to be the
condenser duty for the RadFrac Block B1.

In the Category area, select Blocks.
In the Type field, select Block-Var.
In the Block field, select B1.
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In the Variable field, click ¥ to show the list of variables.

Judging by the size of the scroll bar, the list of variables is quite long. For
complex unit operation models like RadFrac, it can be difficult to find the
intended variable. Aspen Plus offers a search capability to help you find
the correct variable.

Click the icon ﬁl next to the Variable list.

The Search Variables dialog box appears. You can search on any string
that you think might help to reduce the number of variables.

In the Search Criteria area, enter Condenser Duty.

Aspen Plus searches for variables that contain the words Condenser and

Duty in the variable name or variable description. The search is not case
sensitive. Aspen Plus identifies the following variables:

Search Variables Q@@

Search Criteria

Condenser Duty

Double click on variable to add to field

Variable Name  Description

COND-DUTY Calculated condenser duty.

CALC-DP-COND Calculated condenser pressur...
CH-NPOINTS Number of intermediate poin...

CH-INCR Increment size for independe...
CH-PDROP Pressure drop used in calculat...
NSTAGE Number of theoretical stages,...
Q1 Specified condenser (top stag...
DP-COND Pressure drop for condenser.
T1 Condenser temperature.

Select I ‘ Cancel | ‘ Help

10 Double-click COND-DUTY to select it as the simulation variable linked to

the variable you have named QCOND.

Aspen Plus automatically fills in the Sentence field and the Units field,
based on your choice of variable. Aspen Plus also shows the units of
measure for the accessed variable (Btu/hr).

Note: The units of measure for accessed variables depend on the units of
measurement of the object that contains the defined variables. Since this
Sensitivity blocks uses ENG units, heat duties have the units of Btu/hr. If
you were to toggle the units to SI, the heat duties would be accessed in
Watts.

Now define the next variable, QREB.
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11 In the Variable field, click ¥/ and select <New>.
Note: You can also right-click on the Variable field and from the shortcut
menu, select Create.
The New Item dialog box appears.
12 Type QREB and click OK.
Define QREB to be the reboiler duty for Block B1.
13 In the Category area, select Blocks.
14 In the Type field, select Block-Var.
15 In the Block field, select B1.

16 Click ﬁ| next to the Variable list, and search for Reboiler Duty.

17 Double click REB-DUTY to select it as the simulation variable linked to the
variable you have named QREB.

Aspen Plus fills in the Variable, Sentence and Units of measure for
QREB.

You have now defined QCOND and QREB to be the condenser duty and
reboiler duty for block B1.

The S-1 | Define sheet reappears with the three defined calculated variables,
XMCH, QCOND, and QREB listed.

Next, specify the format for the table that Aspen Plus will produce when you
run the analysis.

To Format the Tabular Results

1 Click N* or click the Tabulate tab.

The S-1 | Tabulate sheet appears. You must identify the variables that
you want to appear in the Sensitivity table.

2 Click Fill variables to have Aspen Plus tabulate all of the defined
variables automatically.

The completed sheet looks like this:

-@Vary | & Define & Tabulate | Fortran Declarations Optional i

Column No. Tabulated variable or expression
> 1 XMCH
2 QCOND
3 QREB
| Fill variables Table Format |

Note: You could have filled out the same information manually. You can
also tabulate mathematical expressions written using Fortran notation.



3 Click Table Format.

The Table Format dialog box appears. Enter column labels for columns 1,
2, and 3, whose data contents were defined above.

Labels are split into 4 lines for the report file. Each line can contain up to 8
characters.

4 In column 1 type MCH PURITY IN DIST using 3 lines.
In column 2 type CONDENS DUTY using 2 lines.
6 In column 3 type REBOILER DUTY using 2 lines.

The completed dialog box looks like this:

B Table Format @

"l

Specify optional labels
Column number 1 2 3
Column labels MCH CONDENS REBOILER
PURITY DUTY DUTY

R e
Unit labels

‘ m »

| Close |
7 Click Close.

The S-1 form is complete and you are ready to run the sensitivity analysis.

Running the Sensitivity
Analysis

Run the simulation in any of the following ways:

e From the Home tab of the ribbon, in Run, click .
e Press F5.

Now you can display and plot the results.
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Displaying Sensitivity Analysis
Results

The Sensitivity Analysis Results consist of a table of the values you requested
on the Tabulate sheet, shown as a function of the manipulated variable
defined on the Vary sheet.

1 From the Navigation Pane, click Model Analysis Tools | Sensitivity | S-
1 | Results.

The S-1 - Results | Summary sheet appears:

Summary Define Variable | Status |
Row/Case Status .VARY 1 MCH CONDENS REBOILER
PHENOL PURITY DUTY DUTY
FLOWRATE IN DIST
LBMOL/HR BTU/HR BTU/HR
Pyl oK 1200 0.972595 -241735e+07 3.16151E+07
2 oK 1300 0.975346 -241703E+07 3.2358E+07
3 CK 1400 0.977698 -241676E+07 3.31097E+07
4 OK 1500 0.979708 -241653E+07 3.38685£+07
5 oK 1600 0.981433 -241634E+07 3.46336E+07
6 CK 1700 0.982924 -241617E+07 3.54042E+07
7 oK 1800 0.984217 -241603E+07 3.61795£+07
8 OK 1500 0.985346 -24159E+07  3.6959E+07
9 oK 2000 0.986336 -24158E+07  3.77421E+07

Note: The above results were obtained using the Aspen Plus document file,
mch.apw. If you used the Aspen Plus backup file, mch.bkp, from the
Examples folder, your results may be slightly different (in the 3™ significant
digit or beyond). These differences occur because the starting points for the
iterative calculations are different. When you use an .apw file, Aspen Plus
starts calculating from the previous results. When you use a .bkp file, Aspen
Plus reinitializes before starting calculations.

Plotting Sensitivity Results

Make a plot of MCH purity vs. phenol flow rate.



To Generate a Plot of MCH Distillate Purity
Versus Phenol Flow Rate

1

2
3

From the Home tab of the ribbon, in Plot, click Results Curve. The
Results Curve dialog box appears.

In the X Axis field, verify that VARY 1 PHENOL FLOWRATE is selected.
In the field Select curve(s) to plot, make sure that only the check box
in front of MCH PURITY IN DIST is selected.

Click OK.

A new window appears containing the plot you specified.

In the Format tab on the ribbon, in the Display group, click the checkbox
for Tracker. This turns on a crosshair that moves with the mouse pointer,

but remaining on the variable line. It shows the X and Y value at the
currently selected point (interpolating between the calculated values).

Sensitivity Results Curve
0.958

== tCH PURTTY IM DIST L

0958

0,984

0.952 -
¥ 1530,11%: 0,980235

0.950 F

0.975 -

MCH PURITY IM DIST

0,476

0.974

u-g?z 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1200 1250 1300 1350 1400 1450 1500 1550 1600 1650 1700 1750 18§00 1850 1300 1950 2000

WARY 1 PHEMOL FLOWYRATE LEMOL/HR

You can modify other aspects of the plot from this ribbon tab.

Saving Your File and Exiting
Aspen Plus

1
2

From the ribbon, click File and select Exit.
Click OK to save to simulation and exit.

Chapter 4 uses MCHSENS.apw as its starting point.



4 Meeting Process Design

Specifications

In Chapter 3, you used Aspen Plus to tabulate the sensitivity of MCH distillate
purity and column duties to changes in phenol solvent flow rate. You can also
use Aspen Plus to meet a specific process design target (or design
specification) by manipulating any simulation input variable.

In this chapter, you will use Aspen Plus to meet a process design specification
using either the methylcyclohexane (MCH) recovery simulation you created in
Chapter 2 or the MCH simulation that was placed in the Examples folder
when you installed Aspen Plus.

Allow about 20 minutes for this simulation.

Startlng Aspen Plus

From your desktop, select Start and then select Programs.

2 Select AspenTech | Process Modeling <version> | Aspen Plus |
Aspen Plus <version>.

The Start Using Aspen Plus window appears in the main window.

Opening an Existing Simulation

You can open a saved simulation file from the list presented at startup, or by
navigating to a folder containing the saved file. For this session, either open
your saved MCHSENS.apw from Chapter 3, or use MCHSENS.bkp in the
Examples folder.

If Your Saved MCHSENS.apw is Displayed

To open an existing simulation:
1 On the Start Using Aspen Plus window, find Recent Models.
2 In the list, select MCHSENS.apw and click OK.
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If Your Saved File MCHSENS.apw is Not
Displayed
1 Click File on the ribbon and select Open.

The Open dialog box appears.

2 Navigate to the directory containing your saved MCHSENS.apw or
navigate to the Examples\GSG_Process folder containing
MCHSENS.bkp.

Note: The Examples folder is located in: C:\Program
Files\AspenTech\Aspen Plus <version>\Favorites\Examples if C:\Program
Files\AspenTech is the Root Directory selected when Aspen Plus was
installed.

3 Select either MCHSENS.apw or MCHSENS.bkp and click Open.

Saving a Simulation Under a
New Name

Before creating a new simulation from MCHSENS.apw or MCHSENS.bkp,
create a file with a new name, MCHSPEC.apw. Now you can modify this new
file. The original is safe.

1 From the ribbon, click File and then move the cursor to Save As. Click
Aspen Plus Document.

2 In the Save As dialog box, choose the directory where you want to save
the simulation.

3 In the File name field, enter MCHSPEC.
4 C(Click Save.

Defining the Design
Specification

In Chapter 2, you simulated MCH recovery using two values for the phenol
solvent flow rate. In the sensitivity analysis in Chapter 3, you tabulated MCH
distillate product purity, and condenser and reboiler duties, as a function of
phenol solvent flow rate.

Now use Aspen Plus to determine the exact phenol solvent feed rate required
to maintain an MCH distillate purity of 98%.

To Enter Design Specifications

1 Select Flowsheeting Options | Design Spec in the Navigation Pane.
The Design Spec object manager appears.

2 Click New.
The Create New ID dialog box appears.



3 Click OK to accept the default ID DS-1.
The DS-1 | Define sheet appears:

w Define | w Spec | @ Vary I Fortran | Declarations EO Options Information
Flowsheet variable Definition

New...

In the Define sheet, define XMCH to be the MCH purity. In the Spec sheet,
enter the specification as a mathematical expression containing numbers and
defined variables, and also enter a target value for this expression and a
tolerance. In the Vary sheet, specify an input variable to be manipulated and
a range in which Aspen Plus will search in order to obtain the target value
given on the Spec sheet.

Start with the definition of XMCH as the mole fraction of MCH in Stream 3.

To Define XMCH in DS-1

XMCH is already defined in Sensitivity S-1. Rather than recreate it in DS-1,

you will copy it from the Sensitivity.

1 In the Navigation Pane, expand Model Analysis Tools, Sensitivity, and
S-1.

2 Right-click Input under S-1 to open the shortcut menu. Select Open in
new tab. The S-1 - Input | Vary sheet of Sensitivity S-1 appears on a
different tab beside the DS-1 tab in the workspace area.

3 Click the Define tab.
S-1 - Input | Define sheet appears.
4 Select XMCH, and click Copy.

5 Click the tab header DS-1. The Define sheet for Design-Spec DS-1
appears.

6 Click Paste. A new variable is copied to Design-Spec DS-1. Type XMCH in
the Flowsheet variable column as the name for the new variable.

The DS-1 | Define sheet has the defined variable, XMCH, listed.

Next, set up the following design specification: the percentage of recovered
MCH must be 98.0 within a tolerance 0.01.

To Set Up the Design Specification

1 Click N* or click Spec.
The DS-1 | Spec sheet appears.
2 In the Spec field, type XMCH*100.

The multiplicative factor of 100 converts the sampled mole fraction to a
mole percentage.



In the Target field, enter 98.

In the Tolerance field, enter 0.01 to specify an acceptable deviation from
the target percentage.

The completed sheet looks like this:

& Define | @ Spec I w Vary Fortran Declarations EO Options Infc

Design specification expressions

Spec: XMCH*100
Target: 98
Tolerance: 0.01

Next, specify the phenol flow rate (Stream 2) as the variable you want Aspen
Plus to manipulate in order to achieve the above design specification. Give a
range of 1200 to 2000 within which Aspen Plus will search.

To Specify the Manipulated Variable

1

U s~ W N

0 N

Click N* or click Vary.
The DS-1 | Vary sheet appears.

In the Manipulated variable area, click the Type field and select
Stream-Var.

In the Stream field, select 2.
In the Substream field, accept the default, MIXED.
In the Variable field, select MOLE-FLOW.

In the Manipulated variable limits area, click the Lower field and type
1200.

In the Upper field type 2000.

In the Report labels area, click the Line 1 field and type PHENOL.
In the Line 2 field, type FLOWRATE.

The completed sheet looks like this:



& Define } & Spec I & Vary

Manipulated variable

Type: Stream-Var
Stream: 2

Substream: MIXED
Variable: 33| MOLE-FLOW
Units:

Declarations EO Options Informi

Manipulated variable limits

Lower: 1200
Upper: 2000
Step size:

Maximum step size:

Report labels

Linel: Line 2: Line 3:

PHENOL

EO input
Open variable:

Description:

Line 4:

The DS-1 form is complete. However, Sensitivity S-1 still exists. Before
running the design specification analysis, you must hide Sensitivity S-1.

To Hide Sensitivity S-1

1 Select Model Analysis Tools | Sensitivity from the Navigation Pane.
The Sensitivity Object Manager appears.

2 Select row S-1, and click Hide. Click OK to confirm. Sensitivity S-1
disappears from the object manager. Hidden objects no longer have an

active role in the current simulation.

Note: Many of the object managers in Aspen Plus have the capability to
hide individual objects. If an object manager has hidden objects, Reveal
will be active. Click Reveal to reveal one or more hidden objects.

You are ready to run the design specification analysis and examine the

results.

Running the Design
Specification Analysis

Run the analysis in any of the following ways:

e From the ribbon, on the Home tab, click P in the Run group.

e Press F5.

Then examine the results.



Examining Design Specification
Results

Determine how well your design specification has been satisfied by examining
the Results Summary - Convergence | DesignSpec Summary sheet.

1 From the Navigation Pane tree, click Results Summary | Convergence.

The Results Summary - Convergence | DesignSpec Summary sheet
appears:

| DesignSpec Summary |

Final values for design specifications

DesignSpec Status Error Tolerance Error/ Variable value = Convergence block
Teolerance

» D51 Converged 0.00186222 001 0.186222 1516.3 SOLVERO1

The results show that that the calculation converged successfully and that the
necessary value of the phenol flow rate is approximately 1515.0. The units,
Ibmol/hr, are not shown.

Note: The above results were obtained by using the Aspen Plus document
file, MCH.apw. If you used the Aspen Plus backup file, MCH.bkp, from the
Examples folder, your results may be slightly different (in the 3™ significant
digit and beyond). These differences occur because the starting point for the
calculations are different. When you use a document (.apw) file, Aspen Plus
starts calculating from the previous results. When you use a backup (.bkp)
file, Aspen Plus reinitializes before starting calculations.

Exiting Aspen Plus

1 From the ribbon, click File and select Exit.
The Aspen Plus dialog box appears.
2 Click Yes to save the simulation.



5 Annotating Process

Flowsheets

In the Simulation environment, you can modify your process flowsheet to
prepare customized drawings for reports by:

e Displaying global data for streams and blocks

e Displaying stream results tables

e Adding text and graphics

e Adding a molecular structure symbol

In this chapter, you will annotate the process flowsheet you used in the MCH

simulation. You can use the file created in Chapter 2 or the simulation that
was saved in the Examples folder when you installed Aspen Plus.

Allow about 20 minutes for this example.

Starting Aspen Plus

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

2 Select AspenTech | Process Modeling <version> | Aspen Plus |
Aspen Plus <version>.

The Start Using Aspen Plus window appears in the main window.

Opening an Existing Simulation

You can open a saved simulation file from the list presented at startup, or by
navigating to a folder containing the saved file. For this session, either open
your saved MCH.apw from Chapter 2, or use MCH.bkp in the Examples
folder.

If Your Saved File MCH.apw is Displayed

To open an existing simulation:
1 On the Start Using Aspen Plus window, find Recent Models.
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2 In the list, select MCH.apw and click OK.

If Your Saved File MCH.apw is not
Displayed
1 Click File on the ribbon and select Open.
The Open dialog box appears.
2 Navigate to the directory containing your saved MCH.apw or navigate to
the Examples\GSG_Process folder containing MCH.bkp.

Note: The Examples folder is located in:

C:\Program Files\AspenTech\Aspen Plus <version>\Favorites\Examples if
C:\Program Files\AspenTech is the Root Directory selected when Aspen
Plus was installed.

3 Select either MCH.apw or MCH.bkp and click Open.

The Process Flowsheet

The process flowsheet is used to create a graphical representation of your
process for a report or for display purposes. Use the process flowsheet to do
the following:

e Display stream data.
e Display a results table.
e Add a title.

To view the Flowsheet:
e Click Flowsheet from the Quick Access Toolbar above the ribbon.

e Click the Main Flowsheet tab in the workspace to display the process
flowsheet.

e Click Flowsheet in Show on the View tab of the ribbon

Note: On the ribbon, the Flowsheet tab hides when you navigate away from
the Flowsheet window in the workspace area.

Displaying Stream Data

To Display Temperature and Pressure

1 On the Flowsheet | Modify tab of the ribbon, click Display Options,
and ensure that Global Data has a checkmark next to it.
Note: The tabs for Flowsheet only appear when the Flowsheet is active.

2 Click File on the ribbon, then click Options. The Simulation Run
Options dialog box appears.

3 Click Flowsheet on the pane on the left to view Flowsheet Display
Options.



4 Under Results display on Process Flowsheet window, select the
Temperature and Pressure check boxes for Streams.

[A Flowsheet Display Options

Simulation

Properties Basis

Filez

Flowshest

Plots

Upward Compatibility
Advanced

Startup

Set default styles for flowsheet

Results display on Process Flowsheet window

Units of measurement: EMG - |
Units operations [ Heat/Waork:
Streams

[ Temperature: H.0f

[¥] Pressure: %6.0f

P
—.

4,
P

[ Vapor fraction:

] Heat/\Work: | %5.0F

5 Click Apply and then OK.

The temperature and pressure calculated by Aspen Plus during the MCH

simulation run are shown on each stream. Aspen Plus also displays a legend

box in the lower left corner of the screen. The legend box shows the symbols

and units for the global data. Move and resize the legend in the same way

that you move and resize blocks.

Note: If you do not see the legend box, select View | Zoom | Zoom to Fit
from the ribbon or press Ctrl+End to see the whole drawing.

Your diagram should look approximately like this:
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Adding a Stream Table

Process Flowsheet drawings frequently include a table of stream results (the
heat and material balance table, or birdcage). To generate this table:

1 On the Flowsheet | Modify tab of the ribbon, click Display Options and
ensure Annotation is selected.

2 Select Results Summary | Streams from the Navigation Pane.

The Results Summary - Streams sheet appears with data from all
streams displayed.

3 Click Stream Table to place the table on your diagram.
4 Click the Main Flowsheet tab in the workspace area to return to your
flowsheet.

A birdcage-style stream table appears in the Flowsheet showing the stream
results from the simulation:

Tletheplopclobwsmtye Recowery Process
Srem I 1 2 B 4
Tenperanre T 2200 2200 2183 337
Preseire i 2000 2000 1600 2020
“por Frac o000 0000 0000 o000
Mole Flow Tmoltr $00000| 1800000 |  200000| 2000000
sz Flowr bic 38065736 | 169403472 | 19619140 | 197850 068
“obme Flow afic 27446 | 2689192 450004| 3291455
Erttalpy NIMEnubr 12702| -l07917| 14711| -9ases
Mole Flomr Tmoltr
TOLUENE 200000 2861 197139
PHENOL 1800 000 0291| 1799708
MCH 200000 196347 3153
Male Frac
TOLUENE 0300 e )
PHENOL 1000 001 0000
MCH 0300 0084 000z
*** VAPORPHASE ***
Deneity
Wiccos by
" LIQUID PHASE " () mapmon
Denstry hiot s6004|  6a99s|  43s11|  si0mz
Viscosiy & 0288 1021 0324 D44z D Presume ipsi)
Surfuce Ten i 16405 31995| 14903  23sen

Note: The table is scaled for printing.

You can zoom in on various parts of the diagram by enclosing an area and
selecting Zoom In from the shortcut menu. See the directions below.

To Zoom in on Part of the Diagram

1 Drag the cursor (clicking and holding) across the area you would like to
magnify.

2 When you have enclosed the area, release the cursor. It will be
surrounded by a box.

3 With the cursor in the selected region, right-click in the background (not
on any of the displayed objects) to display the shortcut menu.

4 From the shortcut menu, select Zoom In.



Adding Text

Add a title to the flowsheet using tools on the Flowsheet tabs of the ribbon.

To Add Text
1 Click the Flowsheet | Format tab on the ribbon.

2 In Shapes, click [,
3 Move the cursor to an appropriate spot for the text and left-click.
A rectangular box with a blinking cursor appears.

4 Type Methylcyclohexane Recovery Column, then click outside the
rectangular box.

5 Select the title. Change the font size to 28 using the Font Size list in
Font.

6 Click the title and hold the mouse button down until the cursor changes
shape, then drag the title anywhere you like.

7 Click the View tab and select Zoom to Fit.

The final diagram looks like something like this:

Methylcyclohexane Recovery Column

Tiletheyloe lobusame Recomery Process
Strenm, ID 1 2 3 [
Tenperaome ¥ 2200 2200 21358 3387
Drecome pei 2000 2000 1600 2020
“por Fru o000 000 o000 o000
Miole Flowr Thaolir 400000 1300000 200000 2000000
Mase Flowr Thir 9065736 | 160403472 | 10610 140 | 127850 068
“ohme Flow otk GATA46| 2689192 450904 | 3291453
Eflalpy MEmir 12702| -107817| 14711  9ases
Mole Fluwr Taclic
TOLUEHE 200000 2261| 197130
DHEHOL 1600000 1201|1700 700
MCH 200000 196847 5153
Mole Frac
TOLUEHE 0500 0014 0099
DHENOL 1000 0001 [
MCH 0500 [ o0z
4+ VAP OR PHASE *+*
Duneity
Wiscosity
*** LIQUDD PHASE *+ I
Darcity Tiadt 46004 | 62094 |  43511|  aTOm2
Vistosity @ 0288 1021 0324 D442 D Presoure (psi)
Srurfuce e e 16503 | 31005|  l4on3| 3550

Adding a Molecular Structure
Symbol

A molecular structure shows the graphical structure of a component.
Attaching molecular structure symbols to the process flowsheet can help you
identify the streams. In Aspen Plus, you use the Molecule Editor to edit the
graphical molecule structure for pure components. To add the molecule
symbol for MCH to the flowsheet:



To Copy the Molecule Symbol of MCH From
the Molecule Editor

1 Click the Properties bar on the Navigation Pane to enter the Properties
environment.

The Flowsheet disappears in the Properties environment.

2 On the Navigation Pane, expand Components | Molecular Structure
and click MCH.

The Molecular Structure - MCH | General sheet appears.

3 Click the Structure tab on the Molecular Structure - MCH form to
display the graphical structure of MCH.

4 Click Draw/Import/Edit beside the graphic.
The Molecule Editor window appears.

Ul

At the top of the panel shown on the left side of the window, click

6 Drag a rectangle around the graphical structure for MCH to select the
entire drawing.

7 Click ™ on the menu to copy the drawing to the clipboard.
8 Close the Molecule Editor window.

To Paste the Molecular Structure of MCH to
the Process Flowsheet

1 Click the Simulation bar on the Navigation Pane to enter the Simulation
environment. Then click the Main Flowsheet tab in the workspace.

2 Click the right mouse button on any blank area on the flowsheet to display
the shortcut menu.

3 Select Paste.
The molecular structure of MCH is pasted to the process flowsheet.

4 Select this symbol and drag it near Stream 1 to show the MCH feed
stream.

Note: You can paste any OLE object in this way (any object that you can
paste into other common Windows programs).

Printing a Process Flow
Diagram

Before you print, make sure that your printer is set up correctly. For more
information on printing options, see the online help topic Using Aspen Plus |
Doing More with Simulations | Printing.

To Print the Process Flowsheet
1 Open the Flowsheet.



2 From the ribbon, click File. Click Print in the File menu.

The Print dialog box appears asking you where you want the output
directed.

3 Select the appropriate printer and click OK.

Exiting Aspen Plus

1 Select File | Exit from the ribbon.
The Aspen Plus dialog box appears.
2 Click Yes to save the simulation.
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6 Estimating Physical

Properties for a Non-
Databank Component

This chapter guides you through the procedure for estimating physical
properties for a component that is not present in the Aspen Plus databank.

You will use a known molecular structure and known properties of Thiazole to
provide Aspen Plus with a starting point for estimating missing properties.

Allow about 30 minutes for this simulation.

Thiazole Physical Property Data

In this simulation, you are dealing with a process involving Thiazole and
water, among other components.

Thiazole (C3H3NS) is not in the Aspen Plus databank. The following
information is available from various sources:

HC C{
N= CH/

Molecular structure for Thiazole:

Molecular weight: 85
Normal boiling point: 116.8 °C

Vapor pressure correlation:

Inp = 16.445 - 3281.0/(T+216.255)

For poiL in mmHg, Tin°Cfor 69 °C < T < 118°C
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By checking the reference manual Aspen Plus Physical Property Methods and
Models, Chapter 3 (in the online help) you see that you do not have data for
all the required pure component property parameters for Thiazole.

You are missing data for the following property parameters (required for
calculating enthalpies and densities):

Parameter Description

TC Critical temperature

PC Critical pressure

CPIG Ideal gas heat capacity coefficients
DHFORM Heat of formation

DGFORM Gibbs free energy formation

DHVLWT Watson heat-of-vaporization coefficients
VC Critical volume

ZC Critical compressibility factor

Run a Property Estimation simulation in Aspen Plus to estimate the missing
property parameters for Thiazole required to run your simulation.

Startlng Aspen Plus

From your desktop, select Start and then select Programs.

2 Select AspenTech | Process Modeling <version> | Aspen Plus |
Aspen Plus <version>.

The Aspen Plus main window appears.
3 From the ribbon, select File and click New.
The New dialog box appears.

Creating a Property Estimation
Simulation

Use the New dialog box to specify the template for the new simulation.

1 From the New dialog box, select Chemical Processes from the panel on
the left side.

2 Click the Chemicals with English Units template.
3 Click Create.

The template is loaded in Properties environment.
4 On the Home tab of the ribbon, click Estimation in Run Mode.

The Estimation - Input | Setup sheet appears.
There is no need to build a process flowsheet for a Property Estimation run.
First enter a title for the simulation. Then define a new component with the
name thiazole and tell Aspen Plus to estimate all missing properties. Then

enter the molecular structure of Thiazole and all known properties. Then run
the estimation.



Specifying Properties to
Estimate

The option Estimate all missing parameters is selected.
‘ @ Setup I Pure Component | T-Dependent Binary UNIFAC Grov

Estimation options
Do not estimate any parameters
@ Estimate all missing parameters

Estimate only the selected parameters

Parameter types

The other sheets on this form allow you to select specific estimation methods
for each property if you do not wish to use the default methods. For this
example, the defaults are adequate.

Next, enter the molecular structure of Thiazole.

Entering a Title

1 Expand the Setup folder on the Navigation Pane and click
Specifications.

The Setup - Specifications | Global sheet appears.
2 In the Title field, type Property Estimation for Thiazole.

ENG - [& Setup na Chemistry [’:‘,J"’ L Methods Assistant  [2E NIST 25 Analysis
== Unit Sets ¥ Components 37 Customize ™ {yClean Parameters | (53 DECHEMA || (j Estimation |
2 = raw
T Past & Methods “133 Prop-Sets Structure 0& Retrieve Parameters l)_fﬁ Regression
Clipboard Units Mavigate Tools Data Source Run Mode
Properties < Start Page - 'Setup - Specifications « | +
All items ¥ @ Global | & Description I Accounting | Diagnostics Information
4 1§ Setup
'_E Specifications Title: Property Estimation for Thiazole
EI Calculation Options
- - . -Global settings
b g Unit Sets Global unitset:  ENG v ) g
@] Report Options Valid phases: X
4 g Components Free water: Mo v
T Cnerificatinne

Next, define a component called THIAZOLE.



Entering Components
Information

1 From the Navigation Pane, expand the Components and click
Specifications.

The Components - Specifications | Selection sheet appears.
2 In the first line of the Component ID column, enter THIAZOLE.

Because THIAZOLE is not in the Aspen Plus databank, do not fill in the
Component name or Alias columns.

& Selection Petroleum Nonconventional | & Enterprise Database Inform

Select components:

Component ID Type Component name Alias
THIAZOLE Conventional
Find | Elec Wizard User Defined | Reorder | | Review

Next, tell Aspen Plus to estimate all missing properties.

Entering Molecular Structure

To Enter the Molecular Structure
Information for Thiazole

1 Expand the Components | Molecular Structure folder on the
Navigation Pane, click THIAZOLE.
The Molecular Structure - THIAZOLE | General sheet appears.

Note: You can define the molecular structure by using the General
Method which is based on individual atoms and bonds, or by using the
Functional Group method in which you indicate the functional groups
specific to a particular estimation method, or by drawing the structure.
This example explains how to draw the structure.

2 Click the Structure tab to open the Molecular Structure - THIAZOLE |
Structure sheet.

3 Click Draw/Import/Edit.
The Molecule Editor dialog box appears.
Sketch the structure of Thiazole in the Molecule Editor window, ignoring
hydrogen atoms:
F =C

S
N=C~



4 Select the atoms and place the atoms on the drawing workspace. Click C
under Atoms, then click three times in the drawing workspace to create 3
carbon atoms. Follow the same steps to place a nitrogen atom and a
sulfur atom.

5 Click the arrow icon (Select) above Bonds and Charges. Click an atom
and drag it to a proper place in the workspace.

The atoms should be placed as below.

CH, CH.
H.S

NH. CH.

6 Select the bonds and connect the atoms. Click Single Bond under Bonds
and Charges, click the carbon atom on the top left, hold the left mouse
button and move the cursor to the nitrogen atom below the carbon atom
you have selected. Release the mouse button after a single line appears.
After the atoms are connected, the numbers of the hydrogen will be
recalculated.

Follow the same steps to connect the sulfur atom with the two carbon
atoms next to it.

7 Click Double Bond and connect the 2 carbon atoms in the top line, as
well as the nitrogen atom and carbon atom in the bottom line.

The completed molecule structure should be the same as below.

>

8 Close the Molecule Editor window. When prompted whether to save the
structure, click Yes. The graphical structure is displayed on the Molecular
Structure - THIAZOLE | Structure sheet.

9 Click Calculate Bonds.

The @ mark is displayed on the General and Formula tabs, indicating
these tabs are completed. Aspen Plus automatically uses the bond data
from the drawn structure to fill in these sheets.

Next, enter the known property data for thiazole.

Entering Property Data

The molecular structure information is sufficient for Aspen Plus to estimate
properties. However, entering all available data will improve the accuracy of
the Aspen Plus estimation.



To Enter Pure Component Boiling Point and
Molecular Weight for Thiazole

1 Expand the Methods | Parameters folder on the Navigation Pane and
click Pure Components.

The Pure Components object manager appears.

2 Click New.
3 In the New Pure Component Parameters dialog box, verify Scalar is
selected.

4 Enter the new name TBMW (for boiling point and molecular weight) and
click OK.

The Pure Components - TBMW | Input sheet appears.

"l

In the Component field, click ¥ and select THIAZOLE.
Click the Parameters field, and select TB (normal boiling point).

7 Click the Units field, and select C to express the boiling point in degrees
Celsius.

8 In the fourth column (under the Component field) enter 116.8.

9 Click the second cell under the Parameters column, and select MW
(molecular weight).

10 In the fourth column, enter 85.
You have entered the pure component property data for Thiazole.

(<))

@Input Information

Pure component scalar parameters

Parameters Units Data set Component
THIAZOLE |v
TB € 1 116.8
MW 1 85

Next specify the coefficients for the Antoine vapor pressure correlation.

To Enter Antoine Vapor Pressure
Correlation Coefficients

1 Click Methods | Parameters | Pure Components on the Navigation
Page.
The object manager appears. You can see that you have filled your TBMW
parameters with scalar data.

2 Click New.
3 In the New Pure Component Parameters dialog box, select T-

dependent correlation. A tree-style of choices appears in the box below
the three pure component parameter types.

4 Under Liquid vapor pressure, select PLXANT-1 for the Antoine vapor
pressure correlation.
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Click OK.

The Pure Components - PLXANT-1 | Input sheet appears.
Click the Components field, select THIAZOLE.

The Antoine vapor pressure correlation (also given above) is:

Inp . = 16.445 - 3281.0/(T+216.255)
|

for pOiL in mmHg, Tin °C for 69 °C < T < 118°C.

You can get help on specifying the coefficients by clicking PLXANT in the
Parameter field near the top of this sheet and then press F1. Follow the
link to General Pure Component Liquid Vapor Pressure.

Click the Temperature units field, select C.
Click the Property units field, select mmHg.
Enter the Antoine coefficients for Thiazole in the fields nhumbered 1
through 9.
Field Coefficient

16.445
-3281
216.255
0

0

0

0

69

118

0N | [n [~ W(N (=

O

You have completed the Pure Components - PLXANT-1 | Input sheet:



&1Input Information

Parameter:  PLXANT Data set: 1

Termnperature-dependent correlation parameters

Components THIAZOLE
Temperature units C
Property units mmHg
1 16.445
2 -3281

3 216.235
4 0

5 0

& 0

7 0

& 69

9 118

10
11
12

You have entered all available property data for thiazole and are now ready to
run the property constant estimation system (PCES).

Running a Property Constant
Estimation (PCES)

Click P in the Home tab of the ribbon or press F5 to run the estimation.

As the run executes, status messages display in the Control Panel. Click
Control Panel to see the runtime messages. The message Results Available
with Warnings appears in the Status bar at the bottom of the main window.
In this example. Ignore these warnings since you did not use functional
groups in your structure specification.

Examining Property Constant
Estimation Results

Examine the results of your PCES simulation. View the Pure Component and
T-dependent properties estimated by Aspen Plus.

To Examine PCES Results

1 On the Navigation Pane, click Results Summary | Run Status.



A summary sheet appears indicating that the calculations were completed
with warnings.

2 Navigate to Estimation | Results.

The Estimation - Results | Pure Component sheet appears, with the
estimated pure component properties for Thiazole. The property name,
abbreviation, estimated value, units, and method used for estimation are

tabulated.
Pure Component IW’ N |W|
Component: v Formula:  C3H3NS
-Estimated pure component parameters -
PropertyName Parameter Estimated Units Method
value
CRITICAL TEMPERATURE TC 632471 K JOBACK
CRITICAL PRESSURE PC 6.65302e+06  N/SQM JOBACK
CRITICAL VOLUME VC 0.2125 CUM/KMOL  JOBACK
CRITICAL COMPRES.FAC ZC 0.26885 DEFINITI
IDEAL GAS CP AT 300 K 69908.6 JJKMOL-K JOBACK
AT 500 K 105485 J/KMOL-K JOBACK
AT 1000 K 150830 JJKMOL-K JOBACK
STD. HT.OF FORMATION DHFORM 1.6918e+08 J/KMOL JOBACK
STD.FREE ENERGY FORM DGFORM 1.9547e+08 J/KMOL JOBACK
ACENTRIC FACTOR OMEGA 0.237927 DEFINITI
HEAT OF VAP AT TB DHVLB 3.62106e+07  J/KMOL DEFINITI
LIQUID MOL VOL AT TB VB 0.0784414 CUM/KMOL  GUNN-YAM
SOLUBILITY PARAMETER DELTA 23340 (J/CUM)**5  DEFINITI
UNIQUAC R PARAMETER GMUQR 272973 BONDI
UNIQUAC Q PARAMETER GMUQQ 1.816 BONDI
PARACHOR PARC 168.6 PARACHOR

3 Click the T-Dependent tab.

The T-Dependent sheet appears with estimated coefficients for
polynomials that model the temperature dependence of the listed
properties. The property name, abbreviation, list of coefficients, units, and
method are tabulated:
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Pure Component | T-Dependent | Status

Component: v Formula:  C3H3NS
Estimated T-dependent parameters
PropertyName Parameter Estimated Units Method =
value

IDEAL GAS HEAT CAPACITY CPIG -18820 KJ/KMOL-K  JOBACK
38317
-0.32472 =
0.0001112
0
0
280
1100
36029.2
0.14818
2.16491

HEAT OF VAPORIZATION DHVLWT 3.88931e+07 KJ/KMOL DEFINITI
34215
0320516
0.200121
34215

MOLAR VOLUME RKTZRA 0.269203 GUNN-YAM

VAPOR VISCOSITY MUVDIP 4.16782e-08  KN-SEC/SQM REICHENB

A NANYY

Creating and Using a Property
Backup File

Save this property estimation as a backup file (.bkp) that you can import into

a

flowsheet simulation that uses thiazole.

To Save a Backup File

1
2

W

Select File | Save As from the ribbon.

Select Aspen Plus Backup in the list on the left. The Save As dialog box
appears.

In the File Name field, enter thiazole.
Click Save.

An Aspen Plus dialog box appears, informing you that this file format does
not support restarting calculations from previous results, and asking
whether you want to also save an Aspen Plus Document (*.apw). Since
you only need the final results, click No.



Next, try using your backup file to import thiazole data into flash.apw.

To Import a Backup File

Run the Flash simulation with methanol, water, and thiazole in Stream 1.
Follow these steps.

1

u b

Click File | Open and select Flash.apw from your working folder. Click
Yes to close the thiazole estimation.

Note: You don’t have to close the current run before opening a new run.
If you click No, you will have two Aspen Plus applications running at the
same time, each with one open simulation (Aspen Plus cannot open
multiple simulations).

Select File | Import from the ribbon, and select File. In the Import
dialog box, browse and select thiazole.bkp. Click Open.

Note: You cannot import an Aspen Plus document file (.apw) into another
simulation.

A dialog box appears informing you that importing a simulation requires
fully loading results for the current simulation. Click OK.

The Resolve ID Conflicts dialog box appears. The only conflicts are units
sets and the NRTL property method.

Click the NRTL line, then Merge.

Click the first unit set, then hold the Shift key and click the last one to
select all three unit sets. Click Ignore to ignore the unit sets from the
imported file. Then click OK.

Click the Properties bar on the Navigation Pane to enter the Properties
environment.

On the Navigation Pane, click Estimation | Input. Select Do not
estimate any parameters since the thiazole parameters have already
been estimated.

Click the Simulation bar on the Navigation Pane to enter the Simulation
environment.

On the Navigation Pane, click Streams | 1 | Input and then in the
Composition area of the Specifications sheet, type 50 for the mole flow
of the component thiazole which is now listed along with methanol and
water.

10 Press F5 to run the simulation with thiazole in Stream 1.

Exiting Aspen Plus

1

2

Select File | Exit from the ribbon.
An Aspen Plus dialog box appears.
Click No to preserve the original Flash simulation (without thiazole).
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Before starting a simulation study, it is important to understand the physical
property and phase equilibrium behavior of the fluids in your process, and to
confirm that the behavior predicted by the property models and data you are
using is reasonable.

In this chapter you will use the interactive property analysis features in Aspen
Plus to obtain a binary T-xy diagram for the acetone-chloroform system,
using the NRTL activity coefficient model with parameters from the built-in
binary pair databank. Then you will check your results against literature data.

Allow about 20 minutes for this simulation.

Startlng Aspen Plus

From your desktop, select Start and then select Programs.

2 Select AspenTech | Process Modeling <version> | Aspen Plus |
Aspen Plus <version>.

The Start Using Aspen Plus window appears.
3 Click File on the ribbon and select New.
The New dialog box appears.

4 Select Chemical Processes from the panel on the left side. Click the
Chemicals with English Units template.

5 Click Create.

6 Verify that Analysis is selected in Run Mode on the Home tab of the
ribbon.

The Aspen Plus main window appears. Aspen Plus starts a new simulation
with the default name, Simulation 1 in the Properties environment.

Entering Components and
Properties

You do not need a process flowsheet to perform a property analysis. You
require information only about chemical species and physical properties.



1 In the Navigation Pane area, click Setup | Specifications.
The Setup - Specifications | Global sheet appears.
2 Enter a title if you wish.

Select a units set consistent with the literature data you will use for
comparison.

3 From the ribbon, on the Home tab, in Units, click ™ and select
METCBAR for METric units with Celsius for temperature and BAR for
pressure.

4 On the Components - Specifications | Selection sheet, type ACETONE
and press Enter on the keyboard.

5 In the second line under the Component ID field, type CHCL3 for
chloroform and press Enter on the keyboard. A dialog box appears asking
about updating parameters for the newly added component. Click Yes.

itart Page - Components - Specifications
@Selection | Petroleum Nencenventional Enterprise Database

Define components

Component ID Type Component name Alias
ACETONE Conventional ACETONE C3H60-1
CHCL3 Conventional CHLOROFORM CHCL3

Aspen Plus matches the component IDs against the Aspen Plus databanks
and fills in the information for acetone and chloroform on the sheet.

6 Click N#,

The Binary Interaction - NRTL-1 (T-DEPENDENT) | Input sheet
appears:



@ Input | & Databanks Information

Parameter MRETL Data set:

Temperature-dependent binary parameters

Component | ACETONE
Component | CHCL3
Temperature units F

Source APVE0 VLE-IG
Property units

Al 0.9646
All 0.5382

EL -1062.05
Bl -191.559
cu a3

CL

El

EN

FLI

FII

TLOWER 59
TUPPER 148.046

This sheet displays the default binary parameters for acetone-chloroform
retrieved from the Aspen Plus databanks. These parameters were
determined from literature data for this binary system between 59 F and
148.046 F.

Examine additional information on the range of data used and the quality
of the fit.

Click APV80 VLE-IG in the form. Click Regression Info.

Note: If you are using the legacy databank system, the Regression Info
button will not be present. In this case, click one of the fields containing a
numerical value and then press F1. The same information shown below
will appear but in a different format.



.' ¥LE Binary Parameters E |

Databank: APVED VLE-IG Parameter: MNRTL
Components:  ACETOME, CHCL3

Range of data used in Data Regression:

State variable Range
Temperature, C 15 - 64.47
Pressure, mmHg 101 - 760

Liquid mole fraction C3H&0-1  0.0081 - 0.9981

Residual root mean squares errors: 20,633

Average deviations:

State variable MNo. points Relative % Absolute Maximum
Temperature, C 127 0.31 0.2 -0.38
Pressure, mmHg 311 048 174 737
Wapor mole fraction 316 2.946813 0.006392 0.046701

Review the help to confirm that the default parameters are appropriate for
your analysis.

8 Close the window.

Generating a Txy Diagram

You can use the Aspen Plus analysis capability before input specifications are
complete, though in this case, they are complete. Note the Required
Properties Input Complete message on the status bar.

Aspen Plus can generate four types of property analysis: pure, binary,
residue, and stream. However, with the given input, only pure and binary
analyses are available.

In this simulation, study VLE behavior of the acetone-chloroform binary
system, so you can perform a binary analysis.

The relevant literature values are:
Acetone boiling point 56 °C



Chloroform boiling point 61 °C
Acetone-chloroform azeotrope 64.5 °C

(From Mass-Transfer Operations, Treybal, 3rd Ed., McGraw-Hill, p. 356, and
from Properties of Gases and Liquids, Reid, Sherwood and Prausnitz, 3rd Ed.,
McGraw-Hill, Chapter 9.)

To Generate a Txy Diagram

1 From the ribbon, on the Home tab, click Analysis | Binary.
The BINRY-1 (BINARY) - Input | Binary Analysis sheet appears.

2 In the Analysis type field, click ¥ to view the types of analysis
available.

As the prompts indicate, Txy and Pxy analysis are used to study
nonideality of vapor-liquid systems to check for azeotrope formation.
Gibbs energy of mixing analysis is used to see if the system will form two
liquid phases.

3 Select Txy.

The fields on this sheet are filled with default options all of which are
correct for this example.

4 Click Run analysis to apply the defaults and start the analysis.
Calculations begin for the T-xy diagram. When the calculations are
finished, a T-xy plot is automatically displayed, as shown in the following
figure:

Start Page BIMRY-1 (BIMARY) - Input BINRY-1 (Binary) - T-xy - Plot + ~

cas T-xy diagram for ACETONE}CHCL3
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This plot indicates that this system contains an azeotrope at an acetone
mole fraction of about 0.34 and a temperature of 64.2 °C (147.5 F). The



temperature of the azeotrope agrees with the literature value within
0.5%, so you could feel confident using the Aspen Plus default data in a
simulation.

From the Navigation Pane, click Analysis | BINRY-1 | Results.

This shows the results in a tabular form. The table on the sheet shows
that Aspen Plus has calculated activity coefficients (GAMMA) and K-values
as well as temperature and composition. Use the horizontal and vertical
scrollbars to see all the data. Several additional built-in plots are available
in Aspen Plus.

To Generate an Activity Coefficient Plot

1

2
3

"

On the Home tab of the ribbon, in Plot, click the arrow beside the built-in
plot library field to display all plot types.

Select Custom.

To plot activity coefficients versus mole fraction of acetone, in the X Axis
field select MOLEFRAC ACETONE, and in the Y Axis area, select the
checkboxes next to LIQUID1 GAMMA ACETONE and LIQUID1 GAMMA
CHCL3 and clear all other checkboxes. Click OK.

The activity coefficient plot appears.
In the Plot | Format tab of the ribbon, click Y axis map.
Click Single Y Axis, then click OK.

Right-click the label on the Y axis, then click Edit. Type the label Activity
coefficients, then press Enter.
Now the plot is finished:
Start Page BIMRY-1 (BINARY) - Resulis BIMNRY-1 (Binary]) - T-xy - Plot BINRY-1 (Binary) - Gamma - Plot + ]
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Note: The Plot | Design and Plot | Format tabs are shown on the
ribbon when the plot window is active.

From this plot you can see the infinite dilution activity coefficients.

Exiting Aspen Plus

1 From the ribbon, select File | Exit.
2 In the Aspen Plus dialog box, click No.
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