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Properties in Aspen Plus
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Setup

The Setup section consists of the followings:

1.Specification
3.Calculation Options
4.Comp-group

5.Unit Sets

6.Report Options

4
Properties
All ltems

4 || Setup
(@] Specifications
@ Calculation Options
I L Comp-Groups
> g Unit Sets
[&] Report Options
I e Components
I L Methods
| Chemistry
3 Properfy Sets
| Data
> | Estimation
L Analysis
g Customize
> |1 Results

Use the Setup Calculation Options form to override defaults for
calculation  options set by Aspen  Properties. Aspen
Propertiesprovides defaults for performing energy balances
and convergence calculations. Aspen Properties also has
default time limits. You can use this form to override these
defaults. You also can specify calculation options at the
individual block level.

Use this sheet To identify

Calculations Specify calculation options to calculate component
molecular weight; bypass Property Set calculation

if flash fails; calculate property derivatives
Flash Convergence Specify upper and lower limits of temperature and

pressure, as well as flash options

System Specify system options
Limits Specify time or error limits before a calculation
terminates, as well as the maximum number of
error/warning to be printed in the history file
LReactions Specify reaction stoichiometry checking )

T

* Properties

D—l::: Simulation
?ﬂ Safety Analysis

‘Q’ Energy Analysis

.

“
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Specification
r Y
Setup - Specifications +
I @ Global ‘Description I Accounting I Diagnostics I Comments
Title |
Global settings
Global unitset METCBAR -
Valid phases -
Free water No -
N w

Use this sheet to specify:
e Arun title, which appears on each page of the report file
e Default units of measurement. When vyou change the global units, Aspen
Properties converts values on previously entered forms, except for those variables which
use local units sets specified on the Comments sheet.
e Global settings
Global settings include Valid Phases and Free Water.

Valid Phases
Lists the valid phases to be considered in calculations. The global value can be overridden locally.

Free Water

When Free Water is Yes or Dirty water, Aspen Properties handles the presence and decanting of
water as a second liquid phase in water-hydrocarbon systems or other water-organic systems.
For Free Water (Yes), the water phase is pure water. For Dirty water, the second liquid phase
contains a trace amount of hydrocarbon (calculated by the Hydrocarbon Solubility model). The
global value can be overridden locally elsewhere.

You may select from among the available methods for calculating water solubility and free water
phase properties on the Methods | Specifications | Global sheet; these apply to both free water
and dirty water. These global property specifications may also be overridden elsewhere.

The selection made in the Valid Phases field elsewhere (which includes both valid phases and
free water) overrides the specification here.


file:///C:/ProgramData/AspenTech/Aspen%20Plus%20V12.0/HtmlHelp/Subsystems/plotwiz/Content/html/Info_Sheet.htm
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Calculation Options

# Setup - Calculation Options +

Calculations | Flash Convergence I System I Limits I Reactions

Calculations options

| Calculate component molecular weight from atomic formula
+| Bypass Prop set calculations if flash fails
+| Use analytical property derivatives
| Require calculations of molar flow derivatives
Require calculations of molar fraction derivatives
+| Require calculations of derivatives for solid properties

| Require Engine to use special parameters for electrolyte, PENG-ROB and RK-SOAVE methods

Minimum of water composition in water phase 0.98
Exergy reference environment temperature 7 F -
Exergy reference environment pressure 14.6959 psia -
. .

Use this sheet to specify calculation options for:

Calculating component molecular weight from the atomic formula. This option never overrides the
databank molecular weight for HE-3. Do not use this option with other components which
represent specific isotopes with molecular weights intentionally differing from atomic weight
averages. Molecular weight is available in all Aspen Properties databanks. However, the
databank MW value may not contain enough significant figures for certain applications for which
atomic balance is important, such as reactor modeling. The calculated MW is more accurate than
the databank MW. By default, if the formula is entered on the Components | Molecular Weight
| Formula sheet, the calculated MW is used in the calculation.

If you do not want Aspen Properties to calculate the molecular weight but instead use databank
values, then clear the Calculate Component Molecular Weight from Atomic Formula check box.

Note: When this option is selected, reviewing property parameters will show these calculated
molecular weights identified as coming from the databank from which the formula was retrieved.

Bypassing Property Set calculations if flash fails.

If you clear the Bypass Property Set Calculations If Flash Fails check box, the property set will be
calculated even if a flash error occurs. If flash errors are severe, the property set calculations may
be unreliable and may cause further errors.

Using analytical derivatives in property calculations. When unchecked, Aspen
Properties calculates the physical property derivatives numerically.

The Aspen Properties property system has the ability to calculate property derivatives either
analytically or numerically. The calculated derivatives include derivatives with respect to
temperature (T), pressure (P), mole number (n) and mole fraction (x). The properties include


file:///C:/ProgramData/AspenTech/Aspen%20Plus%20V12.0/HtmlHelp/Subsystems/userguide1/Content/html/calculatingmolecularweightfromformula.htm
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fugacity coefficients, enthalpies, entropies, Gibbs free energies, molar volumes, diffusivities,
viscosities, thermal conductivities, and surface tensions.

The derivatives calculated using analytical methods are usually more accurate when compared
with those calculated using numerical methods. However, there are situations in which the use of
analytical methods may encounter convergence difficulties. In such situations the calculation of
derivatives using numerical methods may be useful.

Changing options for calculating property derivatives with respect to composition. By default, mole
flow derivatives are calculated and mole fraction derivatives are not calculated.

You can reduce the memory requirements of Aspen Properties by not calculating these
derivatives if you do not need them. Aspen Properties does not use the mole fraction derivatives
but external models which call the CALPRP or CALUPXx property monitors may need them. See
the Aspen Properties Toolkit manual, Chapter 3, for more information about these monitors.

Whether Aspen Properties automatically loads electrolyte, PENG-ROB, and RK-SOAVE
parameters from certain databanks even when those databanks are not selected. If this option is
selected, these databanks are searched before the ones in the databank search path. Only
parameters specified on Methods | Parameters supersede these. Specifically, if this option is
checked:

e ELECPURE (pure databank) is used when the ELECNRTL method is selected.

e ENRTL-RK (binary databank) is used when the ELECNRTL method is selected.

e PITZER (binary databank) is used when the PITZER method is selected.

e EOS-LIT (binary and pure databank) is used when the PENG-ROB or RK-SOAVE method

is selected.

The minimum water mole fraction which must be in the water phase when using dirty-water
specifications. As long as there is at least this much water, the hydrocarbon solubility model is
used to predict the amount of hydrocarbons in the dirty-water phase.

The reference temperature and pressure for the EXERGYML and EXERGYMS property sets.


file:///C:/ProgramData/AspenTech/Aspen%20Plus%20V12.0/HtmlHelp/Subsystems/ref2/Content/html/hydrocarbon_solubility.htm
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Flash Convergence

Use this sheet to specify the upper and lower limits of temperature and pressure and flash options
for flash calculations.

f Setup - Calculation Options + h
Calculations | Flash Convergence | System I Limits l Reactions
Temperature Pressure
Lower limit -441.67 F - Lower limit 0 psia -
Upper limit 175403 F - Upper limit  1.45038e+06 psia -
Flash options
Maximum iterations 30 :
Error tolerance 0.0001
Extrapolation threshold for equation of state o1
Flash convergence algorithm A
Flash extrapolated root error level Error A
[] Use special convergence method for 3-phase flash
Limit water solubility in the hydrocarbon phase
[] Use 4-phase convergence algorithm to solve 3-phase flash
Use new algorithm to choose component pair for L-L phase split
| [ use RefProp flash for RefProp methods (RefProp, GERG2008 and IAPWS-95) )

System

Use this sheet to have Aspen Properties print Fortran tracebacks in the calculation history when
a Fortran error occurs.

[Calculations IFIash Convergence | System | Limits lReactiDns

Fortran error handling options

D Print Fortran tracebacks when a Fortran error occurs
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Option Description

Temperature Global temperature lower and upper limits. This limit is used as a bound on variables during iterative flash and distillation calculations.
Pressure Global pressure lower and upper limits. This limit is used as a bound on variables during iterative flash and distillation calculations.
Maximum Global maximum number of iterations in flash calculations. This can be overridden in individual blocks.

iterations

Error tolerance

Extrapolation
threshold for

equation of state

Flash
convergence
algorithm

Flash extrapolated
root error level

Use special
convergence
method for 3-
phase flash

Limit water
solubility in the
hydrocarbon
phase

Use 4-phase
convergence
algorithm to solve
3-phase flash
Use new algorithm
to choose
component pair for
L-L split
Use RefProp flash
for RefProp
methods
(RefProp,
GERG2008, and
L\AF’WSQS]

Global convergence tolerance in flash calculations. This can be overridden in individual blocks.

Threshold value far the volume slope of equation of state isotherms.

All equations of state in Aspen Properties use a root finder to calculate the molar volume iteratively at given temperature, pressure, and mole fractions. Given
physically meaningful conditions, real molar volume root can always be located by the root finder. However, during iterative calculations in flash or distillation
madel, the temperature, pressure, compositions and phase specification may be such that a real molar volume root does not exist. Aspen Praperties provides
an estimate of the molar volume that is reasonable, allowing the flash or distillation algorithm to converge ta a physically meaningful solution.

If you encounter convergence problems due to extrapolation of an equation of state root finder, use this option to change the extrapolation threshaold. A

smaller value in this field makes it less likely for the extrapolation to occur.

See Flash Convergence Algorithms for a description of these algorithms.

This option lets you specify the level of message produced (error, warning, information, or none) when a flash calculation which requires a certain phase to
exist results in an extrapolated root (meaning the phase actually does not exist at the conditions of this flash). Phases can be required for bubble and dew
point flashes (where the vapor and liquid phases must exist even though one of them will be present in essentially zero amount) as well as certain other
flashes. Default is Error.

This special method applies only ta flashes involving hydrogen fluoride.

This aption (selected by default) enables a check Aspen Properties performs to limit the amount of water in the hydrocarbon phase in liquid-liquid calculations.
This averrides the water solubility and fugacity calculated by the physical property methods specified for a problem.

If selected, Aspen Properties uses the 4-phase flash algorithm to solve the 3-phase flash when temperature and pressure are specified.

See Flash Convergence Algorithms for a description of these algorithms.

In addition to the property methods, RefProp includes its own flash algorithm. By default, the Aspen flash algorithm selected for Flash convergence
algorithm, above, is used with these methods. It is faster, but in some cases this may lead to incorrect phase behavior. If this box is checked, the RefProp

flash is used (with the Aspen flash as a backup used only if the RefProp flash fails).
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Limits

Use this sheet to override the default error limits and maximum CPU time for background runs. A
background run is terminated and an error message is generated if any of these limits is
exceeded, except the history file limit. The limits do not apply to interactive runs.

The history file limit is approximate, checked only about once a minute, and is intended to avoid
letting runaway simulations fill the entire disk with history information. When this limit is reached,
execution stops with a severe error message, but in a way that you can continue after increasing
the limit and/or decreasing diagnostic levels.

e - N
Calculations I Flash Convergence ] System | Limits | Reactions
Time or error limit before calculation terminates
Calculation time limit in CPU seconds I:l
Maximum number of severe errors 50 :
Maximum number of Fortran errors 100 :
Maximum errors and warnings printed in history file
Input processing 200 c
Calculation 200 &
= = -~
Physical properties 200
. Y prop v y

Reaction

You can use this sheet to specify reactions stoichiometry error checking options and the activity
coefficient basis.

Calculations ]Flash Convergence ISystem ]Limits Reactions

Reactions stoichiometry checking options

Mass balance error tolerance 1 kag/kgmaole
@) Issue error when mass imbalance occurs

Issue warning when mass imbalance occurs

Electrolyte chemistry approach check
Fugacity error tolerance 0.0001

Activity coefficient basis for Henry components

Mixed-Solvent -
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Reactions Stoichiometry Checking Options

If reactions stoichiometry (such as Chemistry) is specified, Aspen Properties checks the mass
balance of stoichiometry based on the stoichiometric coefficient and molecular weight of the
components. You can select whether an error or a warning should be given during input
processing if mass imbalance occurs. Calculation will not proceed if an error occurs during input
translation. You can specify that Aspen Properties will issue an error or a warning during input
processing when the absolute error of mass balance of stoichiometry is greater than Mass
balance error tolerance (default is 1.0 kg/kmol).

o |f the absolute error is greater than the tolerance, Aspen Properties will issue a warning
or error depending on the option selected.

e If the absolute error is less than the tolerance but greater than 0.01 kg/kmol, Aspen
Properties will issue a warning even if you select Issue error when mass imbalance
occurs.

o If the absolute error is less than 0.01 kg/kmol, Aspen Properties will not issue an error or
warning.

Electrolyte Chemistry Approach Check

When volatile species are generated in electrolyte chemistry, the apparent component approach
is not able to maintain the generated components in vapor-liquid equilibrium. The recommended
solution for this problem is to use the true component approach.

When the Electrolyte chemistry approach check is enabled, if the apparent component approach
is used and there are species generated in electrolyte chemistry, a check is performed to verify
that the vapor and liquid phases are in equilibrium, to avoid generating wrong results.

The check performed is:

If, g S ¢ where f and ' are the liquid and vapor fugacities, respectively and tol is the
O
fv

specified Fugacity error tolerance, then an error is issued.
Activity Coefficient Basis for Henry Components
Let’'s you specify the basis for the infinite dilution activity coefficient in the calculation of the

unsymmetrical activity coefficient for solutes. This only has an effect when there is a solvent other
than water:

Meaning

Aqueous The infinite dilution activity coefficient is calculated based an infinite dilution of the solute in pure water. This basis is consistent with the calculation for equilibrium

constants.

Mixed- The infinite dilution activity coefficient is calculated based on infinite dilution of the solute in the actual solvent mixture present.

Solvent
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Comp-Group

Use this form to define component groups for property sets or for plotting composition and K-
value profiles. This form contains the following sheets:

4 N

Component List Define a list of components

Component Range  Define a range of components

LComments View or specify the description and comments for an object

A component group consists of either a:
e List of components
¢ Range of components from the Components | Specifications form
¢ Combination of component lists and ranges
A component may appear in more than one group.
Component groups are used to:
e Plot composition and K-value profiles of groups of components in distillation and reactor
models
e Specify a group of components in some property sets

The properties plotted for a component group are based on the sum of individual component
properties. For example, the mole fraction of a component group is the sum of the mole fractions
of the individual components in the group. Group molar-K values are ratios of summed mole
fractions.

Each component group is identified by an ID you supply. Use the component group IDs that you
define to identify component groups on other forms.

Name Status Description Delete

CG-1 Required Input Incomplete A
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Component List

Use this sheet to define a list of components to include in the component group.

w Component List | w9 Component Range I Comments

Substream w MIXED - [] Disable list of components)

-List of components

Available components Selected components

Component Range

Use this sheet to define a range of components to include in the component group. The
components selected on the Component List sheet cannot be within the range of the components
specified on this sheet.

-"'ComponentList QCDmponentRange Comments

Substream MIXED b

-Range of components

Compaonent i Component |
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Setup Units-Sets Form

Use the Units-Sets form to create new user-defined units sets and to view existing units sets. A
unit’s set is a collection of units for each dimensional quantity in Aspen Properties.

A units set defined using this form can be specified in the Input Data or Output Results fields on
the Setup Specifications Global Sheet or on the Units field at the top of most input and results
forms.

For a detailed list of the units in each of the built-in units sets and the other options available for
each unit type, see chapter 11 of the OOMF Script Language Manual. Search for this document
in the Knowledge Center.

4 3

Standard List and select an existing units set as a base for a new
units set; specify flow, temperature, pressure, density, and

volume-related units

Thermo Specify enthalpy, heat capacity, entropy, and miscellaneous
thermo-related units

Transport Specify transpaort-related units

LComments View or specify the description and comments for an object y

Note: In the Sl units set, molar properties are defined using kmoles rather than moles, to
correspond with the mass unit of kilograms. This ensures that molecular weight has the same
value for all units sets, without the need for a conversion factor.

4 N
New Copy aste Export Edit Input | View Results | Reconcile
Name Status Description Delete
ENG Input Complete English Engineering Units
MET Input Complete Metric Engineering Units
METCBAR Input Complete User-defined units set X
L | Input Complete International System Units



https://esupport.aspentech.com/apex/S_Homepage#productDocumentation

Educational Institute for Equipment and Process Design

Setup Units-Sets Standard Sheet

Use this sheet to specify flow, temperature, pressure, density, and volume-related units.

You can use Copy from to copy the definition from an existing unit set as the basis for a new unit
set. Click Search to display the Units-Sets Search dialog box which lists, in alphabetical order,
the units of all dimensional quantities of the selected units set.

Note: In the SI units set, molar properties are defined using kmoles rather than moles, to
correspond with the mass unit of kilograms. This ensures that molecular weight has the same
value for all units sets, without the need for a conversion factor.

/
& Standard

Copy from

Flow related

Mass flow
Mole flow
Volume flow
Flow

Flux

Mass flux

Heat ITranspor‘t ]Concentration ] Size l Currency I Miscellaneous l QtommentsT
]| -
Temperature related
Search Temperature K -
Delta T K hd
Inverse temperature 17K -
kg/sec -
kmol/sec - Pressure related
curn/sec - Pressure N/sgm hd
kg/sec - Delta P N/sgm hd
cum/sgm-sec - Delta P / Height MN/cum hd
kg/sqm-s - Head Hkg v
\ Gas volume flow cum/sec - Inverse pressure - sqm/N v p
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Setup Units-Sets Thermo Sheet

Use this sheet to specify enthalpy, heat capacity, entropy, and miscellaneous thermo-related
units.

[ JStandard | Heat | Transport l Concentration l Size I Currency ] Miscellaneous l & Comments ]
Enthalpy related Heat related
Enthalpy kol hd Heat 4 -
Enthalpy flow Watt - Heat flux per unit length Watt/m -
Mass enthalpy kg - Heat trans. coef. Watt/sgm-K -
Mole enthalpy Jfkmol - Inverse heat transfer sgm-k/Watt -
Volume enthalpy Afcum - UA Iisec-K -
Heat capacity related Entropy related
Mass heat capacity Afkg-K A Entropy Jfkmol-K A
Mole heat capacity Jkmol-K - Mass entropy Iikg-K hd
L Volume heat capacity J/cum-K - Male entropy Jfkmol-K 'J

Setup Units-Sets Transport Sheet
Use this sheet to specify transport-related units.

rl J Standard IHeat ‘Transport Concentration ISize ]Currency ]Miscellaneous ] @Commentsﬂ

Volume related Transport related
Volume cum - Diffusivity sgm/sec -
Mole volume cum/kmol - Mass transfer coeff kg/s-sqm-kg/cum -
Mass volume cum/kg - Surface tension N/m -
Volume flow / Length sgm/Sec - Thermal conductivity Watt/m-kK -
i Viscosity MN-sec/sqgm -
Density related
i Welocity m/sec -
Density kg/cum -
i Inverse velocity sec/m -
Mass density kg/cum -
i Acceleration m/sqgsec -
Mole density kmol/cum A
Rho v~2 kg/m-sgsec b Miscellaneous thermo
Dipole moment (SFcum)*=5 -

Solubility parameter (J/cum)**5 A
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Setup Report Options Form

Use the sheets on this form to specify which sections of the report to included or suppressed.
Aspen Properties results are available in a report file you can print out. Use Export from the File
pulldown menu to generate a file containing the report. Use the following sheets to control the
contents of the report file generated on your computer.

The Setup Report Options form within a Hierarchy block contains only the Flowsheet, Block, and
Stream forms. Use these forms to specify options for the report for that level of Hierarchy.

r Ny
General Which sections of the repart are included or suppressed
Property What property information to include

LADA What assay data analysis information to include y

Setup Report Options General Sheet

Use this sheet to specify which sections of the report are included or suppressed. The report
documents all of the input data and defaults used in an Aspen Properties run as well as the results
of the calculation.

General | Property I ADA \

Report options for all cases in report file

J| Generate a report file

ltems to be included in report file

Summary of user input & system defaults
+| Properties
+| Assay data analysis

V| Insert file

Report format

Number of lines per page 60 &

Setup Report Options Property Sheet

Use this sheet to specify whether to include or suppress in the property report the listing of
component IDs, aliases, and names used in the calculation, values of physical property
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parameters, results of property constant estimation, and property parameters' descriptions,
equations, and sources of data.

You can also use this form to generate:

An .APRDFM file containing property parameter results of PCES and data regression, user-
entered data, and data retrieved from databanks in the Data File Management System format
(DFMS)

A project data file ((APRPRJ) containing parameters (pure component, binary, electrolyte pair)
used in the calculation run in the form of Prop-Data paragraphs

A property data format file ( APRPRD)

These files are generated automatically when you export a report file (Select Export from the File
menu).

‘- General | Property ADA‘

Iltems to be included in report file

| List of component 1Ds, aliases and names
All physical property parameters (in Sl units)
Property constant estimation results

Property parameters’ descriptions, equations and sources of data

Files to be generated during report writing

DEMS format input file (DFM file)
Project data file (APPRJ file)
Property data format file (PRD file)
IK-CAPE PPDX Neutral file (IKC file)

Setup Report Options ADA Sheet

Use this sheet to specify whether to include or suppress the listing of generated pseudo
components, the distillation curve report, and the values of all pseudocomponent property
parameters in the assay data analysis report.

[ | General I Property | ADA

Items to be included in the assay data analysis report

| List of generated pseudocomponents

+| Distillation curves

Pseudocomponent property parameters {in Sl units)
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Part 2
Problem Definition

It is customery in process plants, refinaries and petrochemicals to transport a liquid or products
from one storage tank to another in case of emergencies or for storage purposes. For instance,
in some large methanol plants or refinaries there are a daily product storage tank as well as a
weekly storage tank. When the capacity of the daily tanks reaches its maximum, the control room
operators start transporting the purified methanol from daily tanks to weekly tanks. In this regard,
as shown below, in order to transport the liquid some equipment such as piping for transport,
control valve for measurement and level control and pumps for increasing the pressure are
required.

Example:

In a utility plant, the operator in control room is supposed to transport the water from TK-4001 to
TK-5001. As shown on the following P&ID, through passing the pipes, water passes through
valves LV-4010, FV-4010 and then a pump P-4010 and FV-4020, LV-4020 and finally reaches
TK-5001.

[ A

THA001 O V4020

How to simulate

1. Choose “Specialty Chemicals with Metric Units” template to create a steady-state flow sheet.
2. Go to Properties/Set-up/Specification and in Global Tab, give it the name of “Water Transport”
3. Go to Properties/Component/ and Find water.

4. Given the fact that the ASME steam tables are less accurate than the NBS/NRC steam tables,
set the property method to “STEAMNBS”. The NBS/NRC steam tables are embedded, similar to
any other equation of state, within the built-in “Aspen Physical Property System”. These steam
tables can calculate any thermodynamic property of water. There are no parameter requirements.
5. Click “Reset” followed by “Next” button to run the simulation and assure that properties’ analysis
completed successfully. Switch to “Simulation” environment.
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.
D New
New Simulation Lg New Batch Process » New from User Template >
= Open
Save
Aspen Plus Templates
Save As
Chemicals Batch Pharmaceuticals with Metric Units Specialty Chemicals Simulation with Metric Units :
Close . . . . . C, atm, kg/hr, kmol/hr, keal/hr, I/hr.
Batch Spedialty Chemicals with Metric Units
Import . Pharmaceuticals with Metric Units Property Method: NRTL
Gas Processing
Export Specialty Chemicals with Metric Units Open | Flow basis for input: Mass
E— English | Metric N
Mining and Minerals Stream report composition: Mass flow
Print
Refinery
Specialty Chemicals and
Pharmaceuticals
User J

r, Setup - Specifications | + A
[ & Global & Description I Accounting I Diagnostics ] Comments
Title Water Transport Project
; -Global settings
: Global unitset METSPEC - i
: Valid phases -
Free water No -
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_r Components - Specifications «~  + N
w Selection | Petroleum l MNonconventional ] Enterprise Database l Comments
6 Find Compounds — [m] x

Select components

Component ID Compounds | Databanks ‘

Search Criteria

[ fina ][ Elecwizara | -
Name, Alias or CASRN: @ Contains
©) Equals
Compound class: All
Molecular weight:  From
Boiling point: From

Compounds found matching the specified criteria

Water

New Search
Help |

To

To

Compound name  Alias
HYDROGEN-PERO. H202
HYDROGEN-SULFI  H2S
MAGNESIUM-OXIL MGO
SODIUM-SILICATE NAZ2SIO3
WATER H20
WATER-D1-GAS HDO

Databank Alternate name MW BP <C> CAS number Compound class | &
APV120.PU Waterstofpero: 34.01 150.2 T722-84-1 OTHER-INORGAI
APV120.PU Zwavelwaterstc 34.08 -60.35 7783-06-4 INORGANIC-GAS
APV120.PU Seawater magr 40.20 3600.05 1309-48-4 OTHER-INORGAI
APV120.PU WATER GLASS 1220 6834-92-0 SODIUM-SALTS
APV120.PU Distilled water 18.01 100 7732-18-5 OTHER-INORGAI
APVI120.IN¢ 19.02

‘ [ Add selected compounds

Matches found: 15 (4 seconds)

Close

- Methods - Specifications -~ | +

[ & Global | Flowsheet Sections l Referenced l Comments
~ Property methods & options Method name
Method filter ALL T | STEAMNBS ~ | Methods Assistant...
Base method STEAMMES =
Henry components RKS-BM = -] Modify
_ | RKSMHV2 EOS ESSTEAM
- Petroleum calculatic|
RKSWS Data set 1=
Free-water method RTOMXE o =
Water solubility RTOSRK iz e
] RTOSTM Data set C
et ieRietiat: oy Liquid molar enthalpy  HLMXS0
Chemistry 1D
o SRK-ML Liguid molar volume | VLMXS90
Use true compon SRKKD -
Heat of mixing
SOLIDS
SR-POLAR Poynting correction
STEAM-TA Use liguid reference state enthalpy
STEAMNBS |
STMNBES2 MNBS/MNRC steam tables.
SYSOPO
UNIF-DMD -
o
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The models contained within Aspen Plus are quite well understood and are generally accepted
by the process systems engineering community as being “correct” in terms of their derivation and
implementation (when used in the proper circumstances). This is especially true for empirical and
first-principles modeling for unit operations, physical properties for pure chemicals and chemical
mixtures, and mass and energy balances. However, even though the equations themselves may
be correct, in order for them to have any meaning or use, the parameters and assumptions on
which they are based need to also be correct. Although Aspen Plus may run the simulations with
no warnings or errors, you still have to decide if the numbers it provides you are valid and
accurate. One wrong parameter and any model that uses it or uses information derived

from it will be inaccurate. For process modeling, the most fundamental models on which
everything is based are the physical property models. These include things like pure component
properties (heat capacity, surface tension, viscosity, vapor pressure, etc.), equations of state or
other correlations between state properties (temperature, pressure, molar volume), and then the
complex ways in which chemicals interact in mixtures (phase equilibria, solution chemistry, heats
of mixing, etc.). In Aspen Plus, the built-in databanks contain this information for an extremely
large number of chemicals. For the most part, the models and parameters for pure component
properties (e.g., the equation for how the vapor pressure of a chemical changes with respect to
temperature) are quite sound. Other types of property models can be either quite good or quite
terrible, depending on the circumstances. The proper way to validate any kind of model is to
compare it against experimental data. That means rigorously comparing all aspects of the model:
every single physical property model, empirical correlation, reaction and mass transfer kinetics,
and unit operation. For most cases, especially with conceptual process design, that can be
extremely hard to do. This is because in many cases the actual unit operations themselves may
not have been built yet, or there are simply too many models embedded within a large flowsheet
to test them all. The model developer has a limited amount of resources available for validation
and so it has to decide which are the most important areas to validate. Although every situation
is different, the modeling community has generally accepted this practice, and the risk that goes
with it. However, there is one important type of model that is very often wrong and should be
validated in almost all circumstances—phase equilibria. Therefore, this tutorial is meant to help
you determine the correct physical property models with regard to the phase equilibria of chemical
mixtures. Because equilibrium calculations are a key component of nearly every unit operation
model in the flowsheet involving fluids, choosing the wrong model can mean garbage results
everywhere. If there is one thing you should spend time validating, it is this.

PROPERTY METHOD TYPES

There are many types of physical property models within Aspen Plus. The Methods Assistant can
help you filter the list to find some of the best ones for your specific case. You can find this in the
Properties | Methods | Specifications form, with the button to the right of the method name
dropdown. This takes you to a place in the help file where you can answer a few basic questions
about your scenario, and after a few clicks it presents you with a list of suggested options for
property packages. Usually, there are many, and further links are provided to find out more about
them. This does not usually answer the question of what model to pick nor does it mean that these
are necessarily the correct or even the best options for your circumstance. But this can be quite
helpful for narrowing down the possibilities in your search. It helps to understand the different
types of methods. They can be classified roughly into three categories, and in each | have
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highlighted my favorites and some of the most common options. There are more than these to
explore, but these are common starting points.

Equation of State Models

Equation of state models are sets of equations that relate state variables (i.e., temperature,
pressure, and molar volume) to each other through a set of parameters. The parameters are
determined through regression of experimental data combined with some fundamental
thermodynamic theory. Most chemical engineers learn some of these early in their training and
so are generally familiar with their use. What is remarkable (and even quite beautiful) about them
is that you can derive analytical equations for enthalpy, entropy, and Gibbs free energy directly
from the equation of state that relates temperature, pressure, and molar volume through the use
of partial derivatives and thermodynamic theory. From those equations, you can get other
properties like heat capacity, fugacity, and fugacity coefficients by doing a little more calculus.
Although | will spare you the thermodynamics lesson,1 it means that if you have very good
parameters that map temperature, pressure, and molar volume together, you then also know
entropy, enthalpy, heat capacity, and other properties in the liquid, gas, and supercritical states.
It also means that if those parameters are not so good, then all of those properties will be
incorrectly computed, and everything in your model can fall apart. The most common and
interesting models of this category are as follows:

Ideal Gas: IDEAL is the classic ideal gas law. | would suggest that for most chemical processes,
you should not use it because you have better models available to you at basically no extra effort.
However, it is very useful for model validation or understanding basic principles. For example, if
you are testing a new model, it would be useful to first use ideal gas because you could work the
equations out yourself on paper and then determine if Aspen Plus is computing things in a way
that you expect. It is useful in debugging sometimes because you can eliminate a physical
property model as a variable.

Redlich-Kwong Variants: This is a cubic equation of state, which means that it relates
temperature, pressure, and molar volume in such a way that if temperature is known, the equation
can be written such that pressure is a third-order polynomial function of molar volume. This
structure makes it possible to represent liquid, vapor, vapor-liquid mixtures, and supercritical
phases. There are many variants. The most common in Aspen are RK-SOAVE (Soave-
Redlich-Kwong), RK-ASPEN (Redlich-Kwong-Aspen, which is basically RK-SOAVE but extended
for better handling of polar molecules like water and alcohols), PSRK (Predictive Soave-
Redlich-Kwong, which allows for UNIFAC prediction of unknown parameters—more on that later),
RKS-BM (Soave-Redlich-Kwong with Boston-Mathias extensions) and others. You can read each
help file entry to see if you think it fits your situation best. my all-time favorite is PSRK. Although
I have encountered situations where it does not work well, it very often was the best choice.
Peng-Robinson Variants: The classic cubic Peng-Robinson equation of state (PENG-ROB) is
available, but two variants are quite good: PRWS expands Peng-Robinson with Wong-Sandler
mixing rules (which helps with binary phase equilibria) and has some UNIFAC predictive
capability, and PR-BM has some additional parameters available through the Bost-Mathias
modification which increases the potential for model accuracy. It is similar to RKS-BM. In my
experience, | have found PR-BM to be the best choice in many circumstances and is one of the
first methods | will usually explore.
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Activity Coefficient Models

Although the theory behind equation of state models is quite elegant, in practice, it does not
always work so well for complex phase equilibria, especially with multiple liquid phases. Activity
coefficient models attempt to improve on accuracy by using separate models for the gas and
liquid phases. In particular, the liquid phase model uses activity coefficients to compute liquid
phase fugacity instead of an equation of state method (see Tutorial 2). The parameters for the
liquid phase model are fit to the activity coefficients directly, and so they (in theory) could be more
accurate than the equation of state method. On top of that, they no longer use equation of state
information for the liquid phase, and so other empirical correlations are used instead for liquid
phase properties, such as a polynomial equation to predict heat capacity as a function of
temperature. Again, since each model is tailored to each specific property, each model should in
theory have less error than an equation of state based approach. However, using separate
models like this creates inconsistency between models because the elegant thermodynamic
theory is not used. As a result, this will necessarily introduce some error, although the hope is
that the model consistency error it introduces is less than the error it avoids. Some examples are:
Classic Methods: The WILSON and VANLAAR methods are some of the most famous activity
coefficient methods. Plain vanilla WILSON and VANLAAR assume ideal gases. There are many
variants (WILSsomething or VANL-something) where what comes after the dash usually refers to
an equation of state model for the vapor phase. However, | generally do not recommend any of
these, as they have been supplanted by more modern methods.

Non-Random-Two-Liquid: The NRTL method is a common activity coefficient method that is
actually the default property method on many of the existing templates. However, | do not
recommend this default NRTL since it uses the ideal gas law in the vapor phase (usually the first
thing | do when | load up a template to start a new simulation is to go and delete the NRTL method
and replace it before | do anything else). The variants are much better. These are intended for
systems which can form two liquid phases, but often work well for vapor-liquid equilibria (VLE)
generically. Personally, | find NRTL-RK often is the best activity coefficient model for my
applications (the RK means the Redlich-Kwong equation of state). The electrolyte variants
(ELECNRTL, ENRTL-RK, ENRTL-HOC, etc.) allow complex electrolyte chemistries and are
explored more fully in Tutorial 12.

Universal Quasi-Chemical Models: The UNIQUAC method is similar to NRTL, and uses the ideal
gas law by default. Again, | recommend the UNIQ-RK or UNIQ-HOC variants. | have personally
found UNIQ-RK to be very similar to NRTL-RK, and often indistinguishable.

UNIQUAC Functional Activity Coefficient Predictions: The UNIFAC method is a way of estimating
the binary interaction parameters for many of the above methods by using the shapes of the
molecules themselves, which is extremely useful when binary pair information is missing (as it
quite often is). UNIFAC can be incorporated into any of the UNIQUAC, NRTL, or PSRK methods
and variants just by checking a box (see Figure B4.1). It also has its own property method
definition called UNIFAC (which is UNIQRK with UNIFAC parameters instead of the ones in the
database) and some variants. In most cases, | recommend that you start with UNIQ-RK and then
only use UNIFAC to estimate the missing parameters, so you can take advantage of the regressed
UNIQUAC parameters. But you can always try and see if UNIQFAC outperforms UNIQ-RK if you
need to.
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Specialty Models

While the above models are meant to be general for most situations, there are a lot of one-off
specialty models that have been developed for certain subsets of chemicals or particular
applications. There are more than | have had the opportunity to use, but if you work in a very
particular or common type of process, there may be a model that has been designed specifically
for it. The ones that | use most commonly are:

Steam Tables: Classic steam tables are equation correlations based on tabulated, experimentally
determined physical properties of water at various phases. STEAMNBS should be your first
choice for any model that uses pure water in the liquid, vapor, or supercritical phases. Although
you usually will have other chemicals in your system, it is quite common that you would use
STEAMNBS in individual unit operation models that use all water. For example, you may have a
heat exchanger with a complex set of chemicals cooled by cooling water. You might choose PSRK
for the hot side of the HEATX and STEAMNBS for the cold side (you can individually specify your
preference in the Block Options of any model). In fact, when adding cooling water or steam as
utilities ,you will be asked if you want to add STEAMNBS to your simulation if you have not already
so it can use it for all of its water utility calculations. STMNBS?2 is the same thing, it just has a
different solver algorithm which you can use in case you get root finding errors. Legacy versions
include RTOSTM and STEAM-TA and generally are only used in very particular circumstances
such as free-water calculations.

Amines: AMINES is designed specifically for amines which are primarily used for gas sweetening
applications (such as H2S or CO2 capture) specifically for mono ethanolamine, diethanolamine,
di-glycolamine, and di-isopropanolamine. Although this may seem very specific, it is of major
interest right now due to its use in CO2 capture systems. This is not necessarily the best method
to use in all amine applications since ENRTL-RK can also be good. | cannot recommend one or
the other in these cases; | use both and you should try them both if you are serious about gas
sweetening.

Polymers: The POLYsomething variants are intended for polymer and copolymer use. POLYSRK
is an extension of PSRK for polymers. POLYSAFT model uses the statistical associating fluid
theory (SAFT) equation of state for polymers, circa the 1990s. A more modern version from the
2000s, PC-SAFT, is intended for polymers, copolymers, and mixtures with normal liquids and
gases. Although polymerization is not covered in the book, custom PC-SAFT models have found
widespread use for the CO2 capture solvent Selexol. There’s a lot to choose from. At the end of
the day, | recommend starting with PSRK, PR-BM, and NRTL-RK as your first three candidates
unless you have a special situation.
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Part 3
Problem Definition

Petroleum Assay Characterization in Aspen Plus

A crude oil assay with the bulk specific gravity of 0.85 g-cm-3 is to be processed in a refinery. A
TBP distillation curve of the crude is given in Table 13.1. Total fraction of light ends is 0.00352,

and its composition is shown in Table 13.2.

Provide the petroleum assay characterization and generate pseudocomponents for process

simulation in Aspen Plus.

Table 13.1 TBP distillation data

Percent distilled 5 10 20 30 40 50 60 70 80 90 100
Temperature (°C) 60 115 180 235 295 350 400 470 545 635 830
7 N

Table 13.2 Composition of end lights
Methane 0.015
Ethane 0.037
Propane 0.253
i-Butane 0.089
n-Butane 0.303
i-Pentane 0.097
n-Pentane 0.099
Higher hydrocarbons 0.095
CO, 0.005
N, 0.006
H,S 0.001
\, y
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Solution:

e Open Aspen Plus and select an installed refinery template as shown in Figure 13.10.

Aspen Plus Templates

Chemicals

Gas Processing

Mining and Minerals

Refinery

Specialty Chemicals and

Pharmaceuticals

User

”
New Simulation » New Batch Process > New from User Template >

Aromatics - BTX Column and Extraction @
Catalytic Reformer

Crude Fractionation

Customized Stream Report with English Units
FCC and Coker

Gas Plant

Generic with Customized Stream Report

HF Alkylation

Petroleum with English Units

Sour Water Treatment

Sulfur Recovery

English | Metric

"

English Units:
F. psi, Ib/hr, Ibmol/hr, MMBtu/hr, bbl/day.

Components:

H20, CO2, H2S, H2, N2, 02, C1 through C8, aromatics,

sulfolane are pre-selected

Henry Components group HENRY-1 preselected for lights to be used with
NRTL-RK method

Base Property Method:
GRAYSON,
Free-Water=No

Referenced Method:

SRK and PENG-ROB as alternatives for GRAYSON,
NRTL-RK for sulfolane extractor,

PSRK as a possible alternate method.

Databanks:
Ethylene, PURE36, Aqueous, Solids, Inorganics

Flow basis for input:
Std. lig. vol.

Stream report composition:
Std. lig. vol. flow




Educational Institute for Equipment and Process Design

e Aspen automatically generates a component list, which contains, besides conventional
light components, also a crude assay (Figure 13.11).

[ @ Selection | @ Petroleum l Nonconventional I & Enterprise Database l Comments I

Select components

Component 1D Type Component name Alias CAS number
o2 Conventional OXYGEN o2 7782-44-7
H2S Conventional HYDROGEN-SULFIDE H2S 7783-06-4
co2 Conventional CARBON-DIOXIDE co2 124-38-9
c1 Conventional METHANE CH4 74-82-8
C2A Conventional ETHANE C2H6 74-84-0
C3A Conventional PROPANE C3H8 74-98-6
NC4A Conventional N-BUTANE C4H10-1 106-97-8
IC4A Conventional ISOBUTANE C4H10-2 75-28-5
IC5A Conventional 2-METHYL-BUTANE C5H12-2 78-78-4
NC5A Conventional N-PENTANE C5H12-1 109-66-0
NCBA Conventional N-HEXANE C6H14-1 110-54-3
2MEC5A Conventional 2-METHYL-PENTANE C6H14-2 107-83-5
NC7A Conventional N-HEPTANE C7H16-1 142-82-5
2MECBA Conventional 2-METHYLHEXANE C7H16-2 591-76-4
NC8A Conventional N-OCTANE C8H18-1 111-65-9
2ZMECTA Conventional 2-METHYLHEPTANE C8H18-2 592-27-8
H20 Conventional WATER H20 7732-18-5
CRUDE Assay

-

Find l [ Elec Wizard l [ SFE Assistant l [ User Defined ] [ Reorder J
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e Chao—-Seader, Grayson or Grayson 2, and BK10 models are the most often used
thermodynamic models for petroleum fractionation. The Grayson model is automatically
selected in this template.

y e
' _~Methods - Specifications -~ | +

| @ Global | Flowsheet Sections l@Referenced ICDmments

~ Property methods & options Method name
Method fiter At - GRAYSON - Methods Assistant...
Base method GRAYSON -
Henry components ~[] Modify
-Petroleum calculation options Vapor EOS ESRK
e
Free-water method STEAM-TA - Data set 14
Water solubility 0 - Liquid gamma GMXSH
Data set 1 :

~ Electrolyte calculation options Liquid molar enthalpy  HLMX13

Chemistry ID - o
Liquid molar volume | VLMX20

Use true components

Heat of mixing

Poynting correction

Use ligquid reference state enthalpy
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Continue with assay basic data specification following the steps shown in Figure 13.12;
select the distillation curve type and enter the bulk specific gravity and the distillation

curve data.

4 . T
& Dist Curve & Light-Ends ] Gravity/UOPK l Molecular Wt l Cptions ] Comments l
Distillation curve
Distillation curve type Percent Temperature

True boiling point (liquid volume basis) distilled Lo -
Pressure 0.193335 || psia 5 60
Bulk gravity value 10 115
@ Specific gravity 0.85 20 180
) API gravity 30 235
40 295
50 350
60 400
70 470
80 545
a0 635
100 830

. >
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e |If the light ends fraction is not specified, Aspen considers the light ends fraction as a
fraction of whole crude. In this example, we know the total fraction of light ends. Enter the
information together with its composition in the Light-Ends tab as shown in Figure 13.13.

r -
I 2 Dist Curve @ Light-Ends

Light-ends analysis

Component

Cc1
C2A
C3A
IC4A
NC4A
IC5A
MNC5A
NC8A
coz
N2
H2s

Gravity,/UOPK lMDIecuIarW‘c lOpticms ICDmments

Light-ends fraction 0.00352

Fraction

Mass

0.015
0.037
0.253
0.089
0.203
0.097
0.099
0.095
0.005
0.006
0.001

]

Gravity Molecular
weight
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e To generate pseudo components, define a new Generation under Petro characterization
and specify the assays and blends that may be included in the set of pseudo components
(Figure 13.14).

lrPri:l;:rer‘l:ies. < _“Generation-G-1 < |+ ™
All Items - @ Specifications ‘ Cuts ] Naming Options I Comments
b L.{.'.' SEtUp ; --------------------------------------------------------------------------------------------------------------

- Assays and blends to be included in the set

Assay/Blend ID Weighting
factor

» CRUDE )

4 % Components
E Specifications
- g Molecular Structure
- I:.‘Ej Assay/Blend
4 [£% CRUDE
EBasic Data
E Property Curves =
Results
[&] Light End Properties
4 | Petro Characterization
4 | g Generation
@] G-1
[&] Analysis Options
| Selected Methods
Results
j Pseudocomponents
[@] Component Attributes
I g Henry Comps
[&] UNIFAC Groups ,
A 4 Q Polymers J
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e Aspen enables user definition of cut points and component generation points; the default

cut points should be used in this simulation.

e The set of pseudo components is generated after running the simulation.

¢ Results of pseudo component generation are shown in Figure 13.15.

[ Petro Characterization - Results = | + h
[ Summary | Petro Properties | Viscosity | &#Status
Pseudocomponent Average NBP APl gravity  Specific gravity UOPK Molecular Critical Critical
weight temperature pressure

F - F ¥ | psia -

» PCGEF 65.9697 81.7306 0.663601 12,1616 69.652 376421 616.255
PC138F 137.732 72.8258 0.692521 121616 85.2237 455.755 506.078
PC163F 162.808 70.0444 0.702078 12,1616 91.2952 482.81 475.042
PC188F 187.773 67.42 0.711341 121616 97.6844 50943 447.145
PC213F 212.652 64.9354 0.720339 12,1616 104.407 535.663 421.933
PC238F 237.662 62,5583 0.729162 12,1616 111.535 561.75 398.868
PC263F 262.903 60.2719 0.737856 12,1616 119.116 587.802 377.627
PC288F 287.872 58.1125 0.746259 12,1616 127.013 613.315 358.288
PC313F 312711 56.0577 0.754434 12,1616 135272 638.449 340.804
PC337F 337.363 54.1038 0.762377 12,1616 143.877 663.161 324.716
PC363F 362.589 52.186 0.770337 12,1616 153.116 688.22 309.51
PC388F 387.608 50.3599 0.778072 12,1616 162,723 712851 295.556
PC412F 412.494 48,6134 0.785616 12,1616 172,728 737.143 282.676
PC437F 437.382 46,9321 0.793019 12,1616 183.191 761.235 270.696
PC462F 462.385 45.3045 0.800319 12,1616 194.172 785.243 259.482
PC487F 487.454 43.73086 0.807507 12,1616 205.665 809.124 248.986
PC513F 512.508 422122 0.814566 12,1616 21764 §32.808 239.179
PC538F 537.562 40.7451 0.821504 12,1616 230.112 856.314 229.993
PC563F 562.581 39.3282 0.828317 12,1616 243.069 879.617 221.387
PC588F 587.546 37.9599 0.835006 12,1616 256.501 902.702 213.316
PCB13F 612.548 36.6323 0.841599 12,1616 270.464 925.663 205.709
PC638F 637.55 35.3454 0.84809 12,1616 284.939 948.468 198.539
PCo63F 662.678 34.0909 0.854516 12,1616 300.006 971.236 191.739
PCo88F 687.607 32.8827 0.86079%6 12,1616 315466 993.676 185.364

Y PCT12F 712327 31.7187 0.866935 12,1616 331.302 1015.79 179.38 J
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Part 4
Problem Definition

4,900 kg-h-1 of styrene monomer is the subject of polymerization in a series of three CSTR
reactors each with a volume of 15 m3. The reactor feed contains 97.9 wt% of styrene, 2 wt% of
ethylbenzene, and 0.07 wt% of N-dodecyl-mercaptan (DDM) acting as the chain transfer agent
and 0.03% di-t-butyl-peroxide (TBP) as the initiator. The unreacted styrene containing

also some EB, TBP, and DDM is separated from the polymer and, after cooling and mixing with
makeup streams, returned back to the first reactor. The process flow diagram (PFD) is shown in
Figure 16.13. All reactors work at atmospheric pressure. The temperature is 120, 160, and 200
°C, in the first, second, and third reactor, respectively. Calculate the conversion, polydispersity
index (PDI), weight-averaged molecular weighttMWW), and the number-averaged molecular
weight (MWN) at the outlet of each reactor. Use the free-radical kinetic model with kinetic
constants available in (2).

Component Characterization
Components participating in a polymerization process are as follows:

Polymer: A product of the polymerization process, large molecules, or macromolecules where a
smaller constituting structure is repeated along the chain. It can be a homo- or copolymer.
Oligomer: Small polymer chains contain up to 20 repeating units.

Segment: Structural units of a polymer or oligomer are divided into types depending on their
location on the polymer chain: repeat units, end groups, and branch points.

Monomer: A molecule can be bonded to other identical molecules to form a polymer. Other
conventional components act as the Initiator, Coinitiator, Catalyst, Solvent, and so on.

The polymer component is not a single species but a mixture of many species. In addition, it can
be considered as a live (reacting polymer) or as a dead (inert) polymer. Properties such as

molecular weight and composition may vary throughout the flowsheet and with time. When a
component is specified as a polymer, it has associated attributes used to store information on
molecular structure, distribution, and product properties. The polymer attributes enable tracking
different properties of live and dead polymers including
number-average degree of polymerization and molecular weight,
weight-average degree of polymerization and molecular weight,
segment fraction,
segment flow,
number of long and short chain branches,
long and short chain branching frequencies,
number and frequency of cross-links,
number-average block length (sequence length), and

o flow and fraction of terminal double bonds.

More details on polymer attributes can be seen in Aspen Plus as shown in Figure 16.1 or in (1).
Oligomers do not require component attributes. Therefore, if a unit operation model cannot handle
polymer attribute data, polymer can be treated as an oligomer. For an oligomer, we should specify
the number and type of segments that it contains. Polymer attributes are solved/integrated
together with the material and energy balances in the unit operation models. The segment type
has to be specified. A segment name comes from the name of the monomer from which it
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originates. A label is added to the monomer name to identify the segment as either a repeat unit,
-R, an end group, —-E, or a branch point, -B. To create a component list for styrene bulk free-
radical polymerization, follow the next steps:

Start Aspen Plus by creating a new Polymers template with metric units as shown in Figure 16.1.

r’ ™
New Simulation »> New Batch Process » New from User Template >

Aspen Plus Templates

Chemicals Batch Polymers with Metric Units open | Polymers Batch Process with Metric Units :

. . . . K, atm, kg/hr, kmol/hr, cal/sec, I/min.
Chemicals with Metric Units

. Electrolytes with Metric Units Property Method: None
Gas Processing

Polymers with Metric Units Flow basis for input: Mass

English | Metric | Met-C_bar_hr

Mining and Minerals Stream report composition: Mass flow

Refinery
Specialty Chemicals and
Pharmaceuticals

User

If available unit sets (ENG, MET, and Sl) are not suitable for all quantities in this simulation, you
can define a new unit set and modify the existing set as necessary. Figure 16.2 shows how a unit
set can be defined, and new units for temperature, pressure, and volume flow selected.

.
New Copy Paste Export Edit Input | View Results | Reconcile
Name Status Description Delete
ENG Input Complete English Engineering Units
MET Input Complete Metric Engineering Units
Sl Input Complete International System Units
Us-1 Input Complete User-defined units set X y
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,
& Standard

Copy from

Flow related
Mass flow
Mole flow
Volume flow
Flow

Flux

Mass flux

Heat ]Transport ]Concentration lSize ]Currency IMisceIIaneous I & Comments

MET

Search

kg/hr
kmol/hr
cum/hr
kg/hr
[/sqm-sec

kq/sqm-hr

Gas volume flow {/min

Temperature related
Temperature C

DeltaT K

Inverse temperature 1K

Pressure related

Pressure bar -
Delta P bar -
Delta P / Height mm-water/m -
Head m-kgf/kg -

Inverse pressure  1/atm

On the Specifications page under Components, create a list of components as shown in Figure
16.3. For PS, select Polymer as the component type and for styrene- R select Segment. All other
components are Conventional type. Styrene acts as a monomer (STY) and also as a coinitiator

(CINI); therefore, it is selected two times.

7
[ @ Selection | Petroleum l Nonconventional l & Enterprise Database l Comments l
Select components
Component |D Type Component name Alias CAS number
STY Conventional STYRENE C8H8 100-42-5
PS Polymer POLY(STYRENE) PS-1
STY-SEG Segment STYRENE-R C8H8-R
TBP Conventional TRI-N-BUTYL-PHOSPHATE C12H2704P-N1 126-73-8
CINI Conventional STYRENE C8H8 100-42-5
EB Conventional ETHYLBENZENE C8H10-4 100-41-4
DDM Conventional N-DODECYL-MERCAPTAN C12H26S 112-55-0
H20 Conventional WATER H20 7732-18-5
L. Find | | Elec Wizard | | SFE Assistant | | User Defined ‘ | Reorder | | Review
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From the main navigation panel, select Polymers under Components.
Select REPEAT as the segment type in the Segments tab under Characterization (Figure 16.4).

& Segments | @ Polymers lOIigomers ISite—Based Species IOptions IComments

Segment definition
Segment ID Type
P STY-SEG REPEAT

.

In the Polymers tab under Characterization, chose Free Radical Selection for the group of polymer
attributes (Figure 16.4).

.

7
& Segments @ Polymers Oligomers ISite-Based Species IOptiDns ICDmments

Polymer ID @ PS -

Selection by group (optional)

Built-in attribute group | Free-radical selection -

Minimum selection
Properties selection

Attribute list 3
Emulsion selection
SFRAC SFLOW Anionic selection
MWN MWW Cationic selection
LDPN LZMO Free-radical selection
LEFLOW LEFRAC

Step-growth selection
Ziegler-MNatta selection

Edit
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’”
[ & Segments

B Y ) S Y  C CU Y

Attribute selection for

& Polymers Oligomers lSite—Based Species ]Options lComments I

@ Polymer Attributes

L=}

Composite--SFLOW: Copolymer composition as segment mole flows
Composite--SFRAC: Copolymer composition as segment mole fractions
Composite--EFRAC: End group fractions

Composite--DPN: Number-average degree of polymerization
Composite--DPW: Weight-average degree of polymerization
Composite--DPZ: Z-average degree of polymerization
Composite--PDI: Polydispersity index

Composite--MWM: Number-average molecular weight
Composite--MWW.: Weight-average molecular weight
Composite--MWZ: Z-average molecular weight
Composite--MWSEG: Average segment molecular weight
Composite--ZMOM: Zeroth moment of chain length distribution
Composite--FMOM: First moment of chain length distribution
Composite--SMOM: Second moment of chain length distribution

Comnosite--TMOIM: Third moment of chain lenath distribofion

| M ] [ close |

X

To check details of selected component attributes, follow the steps shown in Figure 16.5.
From the main navigation pane, select Distribution under Polymers and enter 100 as the number
of points to calculate the distribution function for PS.




Educational Institute for Equipment and Process Design

Property Method

A number of property methods for modeling polymer systems are available inAspen Plus.A
summary of principles and application fields of polymer property methods available in Aspen plus
is given in Table 16.1. The information in this table was extracted from the Aspen Polymer user

guide (3).

For PS bulk free-radical polymerization studied in this example, the POLYNRTL property method

can be used.

’
& Selection |

ves

Plot characteristics

Polymer ID

100
100000

Number of points
Upper limit
Perform GPC distribution calculation

A

On the Specification page under Methods, select the POLYNRTL property method.

4 i Y
[ @ Global | Flowsheet Sections I Referenced I Comments
Property methods & options Method name
Method filter POLYMER POLYNRTL ~ | Methods Assistant... |
Base method POLYNRTL -
Henry components | POLYFH =] Modify
Petroleum calculatic POLYNRTL | Vapor EOS ESRK
POLYSAFT Data set e
Free-water method POLYSL o ¥
Water solubility POLYSRK Liquid gamma GMNRTLP
| POLYUF Data set 1 3
Electrolyte calculatiq ) vy Liquid molar enthalpy | HLMXP1
Chemistry ID
. POLYPCSF Liquid molar volume | VLMXVKRK
Use true compon PNRTL-1G 3
Heat of mixing
PC-SAFT

Poynting correction

Use liquid reference state enthalpy
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To define molecular weight for component TBP, select Pure Components under Parameters
under Methods from the main navigation panel.

Define new pure component parameters, select Scalar type and define the value of 216.32 for
the TBP molecular weight as shown in Figure 16.6. Switch to the simulation environment to
continue in the simulation.

New ‘ Copy | Paste | Export Edit Input View Results Reconcile

Name Type Status Description Delete

PURE-1 SCALAR Input Complete X




Educational Institute for Equipment and Process Design

.
Table 16.1 Summary of Aspen polymer property methods

Method

Principle

Equations

Application

POLYFH

POLYNRTL

POLYPCSF

POLYSAFT

POLYSL

POLYSRK

POLYUF

POLYUFV

Flory—Huggins lattice
model (4, 5)

Combination of the
Flory—Huggins description
for the entropy of mixing
molecules of difterent sizes
and the nonrandom two
liquid theory for the
enthalpy of mixing solvents
and polymer segments

The perturbed-chain
statistical associating fluid
theory (PC-SAFT)
equation of state Gross and
Sadowski (6—8)

The SAFT of Huang and
Radosz (9, 10)

The lattice theory of liquids
Sanchez and Lacombe (11)

An extension of the SRK
EOS for polymers. It uses
excess Gibbs energy
mixing rules based on
activity coefficient models

The UNIFAC activity
coefficient model. The
activity of polymers and
monomers is estimated
using a group contribution
approach.

The UNIFAC activity
coeflicient model; group
contribution approach.
The model accounts for
free volume contribution

The Flory—Huggins activity coefficient model for the
liquid phase

The Redlich—Kwong (RK) equation of state for the
vapor phase

The van Krevelen model for liquid properties
(enthalpy, entropy, Gibbs energy, heat capacity, and
molar volume)

Henry's law for supercritical components

The polymer NRTL activity coefficient model for the
liquid phase

The RK equation-of-state model for the vapor phase
The van Krevelen model for liquid properties
(enthalpy, entropy, Gibbs energy, heat capacity, and
molar volume)

Henry's law for supercritical components

The SAFT equation of state for both liquid and vapor
phases, for all thermodynamic and calorimetric
properties

Modifications of original SAFT equation of state
(EOS) on the expressions for the dispersion forces
The ideal-gas model for the ideal-gas contribution to
the calorimetric properties

e The SAFT equation of state for both liquid and vapor
phases, for all thermodynamic and calorimetric
properties

* The ideal-gas model for the ideal-gas contribution to
the calorimetric properties

The Sanchez—Lacombe equation of state for both
liquid and vapor phases, for all thermodynamic and
calorimetric properties

The ideal-gas model for the ideal-gas contribution to
the calorimetric properties

The polymer Soave—Redlich—-Kwong equation of state
for both liquid and vapor phases for all the
thermodynamic and calorimetric properties

The ideal-gas model for the ideal-gas contribution to
the calorimetric properties

The van Krevelen model for liquid molar volume

The polymer UNIFAC activity coefficient model for
the liquid phase

The RK equation of state for the vapor phase

The van Krevelen model for liquid properties
(enthalpy, entropy, Gibbs energy, heat capacity, and
molar volume)

Henry’s law for supercritical components

The polymer UNIFAC-FV activity coefficient model
for the liquid phase

The Redlich-Kwong (RK) equation of state for the
vapor phase

The van Krevelen model for liquid properties
(enthalpy, entropy, Gibbs energy, and heat capacity)
The Tait model for liquid molar volume

Henry’s law for supercritical components

Homopolymers, low to
moderate pressure

Low-to-moderate pressure,
particularly useful in copolymer
systems, especially when
experimental data are available.
It is reduced to the well-known
NRTL equation if no polymers
are present in the system.

Homopolymer systems. It does
not contain association and
polar terms. Applicable in a
wide range of temperatures and
pressures

Both high pressure and low
pressure phase equilibria, for
both polar and nenpolar
systems.

Homopolymers: Aspen
Polymers has some features that
make the model convenient to
be used with copolymers

Nonpolar systems: It can be
applied from low to very high
pressure. It is consistent in the
critical region

Polar and nonpolar fluids, at low
to high pressures

Low-to-moderate pressure,
when no experimental
information is available. It can
be applied to both polar and
nonpolar fluids and to
homopolymers and copolymers

Low-to-moderate pressure
when no experimental
information is available. In can
be applied to both polar and
nonpolar fluids and to
homopolymers and copolymers.
It cannot be applied at the
vicinity of the critical point.
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| @ Input Comments

~ Pure component scalar parameters

Component Component

Parameters Units Data set TBP - -

AT 1 216.32
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Part 5
PROBLEM DESCRIPTION: WATER DE-SOURING

A sour water stream, which contains 0.20 wt% CO2, 0.15wt% H2S, and 0.1wt% NH3 at a
temperature of 85.C and pressure of 1 atm with a mass flow rate of 5000 kg/h, is to be treated by
a dry steam at 1.1 atm and a mass flow rate of 1500 kg/h. The water polluting compounds will be
stripped off the sour water and vented, with some amount of water vapor, off the top of the
stripping tower. The sweet water will be withdrawn from the bottom of the stripper with almost nil
carbon, nitrogen, and sulfur content. The dry stream, entering from the bottom, will act as the
vapor stream within the column; hence, there is no need for a reboiler. On the other end, the rising
vapor stream will be substantially condensed and recycled to the top of the column as a liquid
reflux, whereas the rest of it will be vented off the top of the tower.

WHAT IS AN ELECTROLYTE?

In general, an electrolyte system is made of chemical species that can dissociate partially or totally
into ions in a polar liquid medium (i.e., solvent). The liquid phase reaction always exists at its
chemical equilibrium condition between the associate (i.e., condensed state) and dissociate (i.e.,
loose or ionic) form. The presence of ions in the liquid phase requires non-ideal solution
thermodynamics, where the activity coefficient, in general, is not unity. Some examples of
electrolytes are solutions of acids, bases, or salts, sour water solutions, agueous amines, and hot
carbonates. An electrolytic component can be classified under one of the following categories:

* Solvent: the polar medium. Examples are water, methanol, ethanol, and acetic acid.

* Soluble Gas: a non-condensable gas where its gas liquid equilibrium (alternatively, its solubility
in the given solvent) is described by Henry’s law. Examples are N2, O2, CI2, NH3, and CO2.

* lon: an ionic (cationic or anionic) moiety with a formal charge. Examples are H30+, OH-, Cl-,
Na+, HCO3 -, CO3 -2, Ca+2, Fe+2, and Fe+3.

» The condensed (aggregate) matter: this form represents the associate (lattice) form of an ionic
substance, which can exist in either solid (e.g., salt) or liquid form. Examples are NacCl(s),
NaOH(s), H2S04(l), HCOOH(l), CH3CH2COOH(), CaCO3(s), CaS04-2H20(s), K2SO4(s),
Na2HPO4(s), and NaHCO3+2H20(s).
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How to Simulate

1. Using Aspen Plus®, choose “Electrolytes with Metric Units” template to create the process
flowsheet. The default property model is “ELECNRTL”. By default, water is added to the
“Components” list. Add the three components: CO2, H2S, and NH3, as shown in Figure 11.1.

B B i N
‘ @ Selection | Petroleum | Nonconventional @ Enterprise Database | Comments
Select components
Component ID Type Component name Alias CAS number

H20 Conventional WATER H20 7732-18-5

co2 Conventional CARBON-DIOXIDE co2 124-38-9

H2s Conventional HYDROGEN-SULFIDE H2S 7783-06-4

NH3 Conventional AMMONIA H3N 7664-41-7
[ Find ‘ { Elec Wizard ‘ [ SFE Assistant ‘ { User Defined ‘ [ Reorder ‘ y

However, we will show here how to properly define each component as part of the electrolyte
system.

2. In “Components” | “Specifications” | “Selection” tab window, click on “Elec Wizard” button
(shown in Figure 11.1). This will bring the first “Electrolyte Wizard” window where the user can
choose between symmetric and unsymmetric reference state for ionic components.

* For the unsymmetric reference state of ions, the equilibrium constants are calculated from the
reference state Gibbs free energies of the participating components. Activity coefficients of ions
are based on infinite dilution in pure water. We must have already defined water as a component
to use electrolyte wizard for this case.

* For the symmetric reference state of ions, the equilibrium constants are not automatically
calculated, and must either be entered here or regressed from data. Activity coefficients of ions
are based on pure fused salts. Water is not necessary (though it may be included as a solvent).
We will choose the unsymmetric reference state for ionic components, as it does not require any
further input about the equilibrium constants as functions of temperature for the dissociation
reactions, as shown in Figure 11.2.
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7
B Electrolyte Wizard - O X

Welcome to Electrolyte Wizard

Welcome to the Electrolyte Wizard, the quickest way to generate components and reactions for electrolyte systems.
This Wizard has the following steps:

1 - Define base components and select reaction generation options.
2 - Remove any undesired species or reactions from the generated list.
3 - Select simulation approach for electrolyte calculations.

4 - Review physical properties specifications and modify the generated Henry components and reactions.

Select chemistry databank and reference state

Chemistry data source: | APV120 REACTIONS |

Reference state for ionic components: | Unsymmetric  ~

Click Next> to continue to your next step. See help for more information and other options.

Cancel Next>
S

Click on “Next” button to proceed to the next step. Figure 11.3 shows the second “Electrolyte
Wizard” window where the user selects what components to include in the electrolyte system. All
components are selected to participate in the electrolytic scene. Moreover, the user may
select/deselect the appropriate option and how hydrogen ion should be expressed.
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—y
3 Electrolyte Wizard — (] >
Base Components and Reactions Generation Options o
Select base components
Available components Selected components
H2O
H3M
[ \ H25
=
co2
[ < =
Hydrogen ion type Options
) Hydronium ion H3O+ [] Include salt formation
@ Hydrogen ion H+ Include water dissociation reaction
[] Include ice formation
Click Mext> to continue.
[ Cancel I [ =Back ] [ MNext= ]
il

NOTE: It is a multifaceted decision, made by the user, to decide what to include in the list of
participating players in the electrolytic portray and the extent of participation each player will do,
in addition to the interplay between one player and another. Precisely speaking, let us take CO2
species as an example. We have to decide first whether or not to include CO?2 in the first place.
If the decision is yes for considering CO2 as an important electrolytic player, then we will have to
decide on the assigned task for this player, that is, telling Aspen Plus what reactions are
associated with this chemical species. Shall we consider its dissociation into water in the form of
HCO3 - only?

Or, shall we consider further dissociation of HCO3 - into CO3 —-27? Finally, what about the interplay
between HCO3 - and NH3? Keep in mind that the more reactions you add to the electrolytic
portray, the more complex the picture will be (or, longer CPU time), which may end up under
some circumstances in a non-converging solution, (i.e., errors reported by Aspen Plus simulator),
because of missing some pairwise interactions, which need to be plugged in by the user. If it
happens that Aspen Plus fails to converge, then you may attempt to remove what you think is the
least important electrolytic player (i.e., chemical reaction/species).

Click on “Next” button to proceed to the next step. Figure 11.4 shows the third “ElectrolyteWizard”
window where Aspen Plus provides a list of potential reactions based on the stand-alone or
interplay role of each of the chemical players nominated in the previous step.
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r
3 Electrolyte Wizard — (] =
Generated Species and Reactions o

Remove undesired generated species and reactions

Agueous species Salts

5-2 -
CO3-2

NH2COO-

HS-

H+
2o

Reactions

H3M + HCO3- ====> H20 + NH2COO-
H3MN + H20 <=====> OH- + NH4+
HCO3- «==== CO3-2 + H+

H20 + CO2 <===> HCO3- + H+

HS- ====>= H+ + 5-2

H25 ====> H+ + HS-

H2O <===> OH- + H+

Remowve .

Set up global property method
@) Set up with property method: [ELECNRTL - ]

) Do not set up, but add generated species to the Components form

Generate Chemistry and Henry components

Click Next > to continue.

[ concer ] [ <gack ] [ _nex=_]

Notice that the user may select to remove one or more of ionic species that are listed and Aspen
Plus will remove the corresponding reaction(s). Of course, the decision will be based on
experimental observations that a particular ionic species is absent or its presence in the agueous
medium can be neglected. Alternatively, the user may directly remove a specific reaction out of
those suggested by Aspen Plus, with the understanding that this reaction contributes little or
nothing to the electrolytic portray and thus can be neglected. In other words, at a given pH, the
pKa/pKb will tell the user if the dissociation extent for an acid/base is significant or can be ignored.
We will proceed without removing any chemical species or chemical reaction. Moreover, the third
“Electrolyte Wizard” window (Figure 11.4) allows the user to stick to the default (‘ELECNRTL”)
method or change to “ENRTL-RK” method. The “ELECNRTL” property method will be selected
as it is the most versatile electrolyte property method. Both methods, however, can be used in
our case.

NOTE: Electrolyte solutions are extremely non-ideal because of the presence of charged species.
The electrolyte-NRTL-based property methods: “ELECNRTL”, “ENRTL-RK”, and “ENRTL-SR”
can all handle mixed-solvent systems at any concentration. The “ELECNRTL” property method is
the most versatile electrolyte
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property method. It can handle very low and very high concentrations. It can handle aqueous and
mixed-solvent systems as well. The “ELECNRTL” is fully consistent with the “NRTL-RK” property
method (i.e., the molecular interactions are calculated exactly the same way; therefore,
“‘ELECNRTL” can inherit from the databank for binary molecular interaction parameters of the
“‘NRTL-RK” property method). On the other hand, the solubility of supercritical gases can be
modeled using Henry’s law. Henry coefficients are available from the databank. Heats of mixing
are calculated using “ELECNRTL” model. Moreover, the “ENRTL-RK” method is identical to
“‘ELECNRTL” for systems containing a single electrolyte. However, for mixed-electrolyte systems,
the “ENRTL-RK” method uses the mixing rules only to calculate pairwise interaction parameters,
instead of calculating both pairwise interaction parameters and Gibbs free energy from mixing
rules. Furthermore, the “ENRTL-RK” uses a single thermodynamics framework to calculate the
activity coefficients, Gibbs free energy, and enthalpy, instead of using separate models as in
“‘ELECNRTL”. Finally, “ENRTL-RK” uses the Redlich—Kwong equation of state for all vapor-phase
properties, except for association behavior in the vapor phase; the unsymmetric reference state
(infinite dilution in aqueous solution) for ionic species; Henry’s law for solubility of supercritical
gases; and unsymmetric Electrolyte NRTL method of handling zwitterions.

Click on “Next” button to proceed to the next step. The fourth “Electrolyte Wizard” window will
show up as shown in Figure 11.5, where the user is given the choice to select between true- and
apparent-component approaches.

The difference in the approaches lies in the level of technical details on how Aspen Plus shall
present the results of calculation of electrolyte solution properties. The “True component
approach”, | call it the chemist’s approach, reports results in terms of the ions, salts, and molecular
species present (i.e., showing the details of solution chemistry). On the other hand, the “Apparent
component approach”, | call it the chemical engineer’s approach,

reports results in terms of base components present without showing the details of solution
chemistry. In the latter approach, ions and precipitated salts cannot be apparent components;
specifications must be expressed in terms of apparent components and not in terms of ions or
solid salts. Of course, results of both approaches are equivalent. Let us take a simple example,
that is, NaCl in water.
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7
5 Electrolyte Wizard — O X

Simulation Approach o

Select electrolyte simulation approach
@ True component approach

) Apparent component approach

Generated reactions and Henry components will be placed in

Chemistry form with ID: G

Components Henry-Comps form with 1D:  GLOBAL

Click Next> to create the above Chemistry and Henry-Comps IDs.

a) For the “True component approach” (i.e., showing solution chemistry):

H,0
NaCl,, <= Na™ + CI~

Na* + CI~ < NaCl,

Results are thus reported in terms of Na+, Cl-, NaCl(s), and H20.

b) For the “Apparent component approach” (i.e., hiding the solution chemistry), the results are
reported in terms of NaCl (Conventional)andH2Oonly.

Click on “Next” button to proceed to the next step. The “Update Parameters” window will pop up
requesting to update the form parameters (i.e., list of components). Click on “Yes” button to
proceed. You may have to click more than once. Figure 11.6 shows the fifth “Electrolyte Wizard”
window summarizing what the user has already selected in previous steps and giving the chance
to review and modify the chemistry of the electrolyte system under study.
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’”
Q Electrolyte Wizard — O >

Summary o

Property specifications

Property method: ELECNRTL Chemistry ID: GLOBAL

Simulation approach: True component Henry-Comps ID: GLOBAL

Components and databanks

The generated components now appear on the Components Specifications form.

[ Review Henry components... H Review Chemistry... l

You have completed the Electrolyte Wizard. Click Finish to exit.

Cancel Finish
e g

The user ought to click on “Review Henry components...” button to review the list of components
that should be dealt with as Henry’s case (Figure 11.7). Alternatively, Henry’s set can been seen
via visiting “Components” | “Henry Comps” | “Global” | “Selection” tab form.

On the other hand, the user may click on “Review Chemistry...” button to see the list of electrolytic
equilibrium reactions, which are considered important players in the arena of the given electrolytic
system (Figure 11.8). The user may edit, modify, or delete a given reaction and/or add a new one.
Alternatively, the user may later go to “Chemistry” | “GLOBAL” | “Input” | “Chemistry” tab window
and modify them from there. Moreover, if you click on “Equilibrium Constants” tab (the second tab
in Figure 11.8), you will notice that Aspen Plus has already taken care of calculating the
equilibrium constant, Keq, for each electrolytic equilibrium reaction.
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r ™
[£1 Review Henry-Comps: GLOBAL X
-Select Henry components o
Available components Selected components
H20 coz2
2] | e
=
NH3
<<
Close
h,
4 P
|51 Review Chemistry: GLOBAL X
- @Stoichiometry { @ Equilibrium Constants | i
- Reaction stoichiometry
Reaction Type Stoichiometry Delete
1 Equilibrium NH3 + HCO3- =<--> H20 + NH2COO- X
2 Equilibrium NH3 + H20 <--> OH- + NH4+
3 Equilibrium HCO3- <--= CO3-- + H+ X
4 Equilibrium H20 + C0O2 <--> HCO3- + H+ X
5 Equilibrium HS- <--> H+ + S§-- X
6 Equilibrium H2S <--= H+ + HS- 4
7 Equilibrium H2O <--> OH- + H+ b 4
4| [ | »
New | Edit | [ Close |
N »

Click on “Finish” button (Figure 11.6) to close the wizard. Figure 11.9 shows that, under
“Components” list, more chemical species are added, reflecting the types of ionic species
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that are considered important in portraying the electrolytic picture, as agreed upon earlier in Figure

11.4.

F{ & Selection | Petroleum I Nonconventional l @ Enterprise Database l Comments l h
Select components
Component ID Type Component name Alias CAS number
H20 Conventional WATER H20 7732-18-5
co2 Conventional CARBON-DIOXIDE coz2 124-38-9
H2S Conventional HYDROGEN-SULFIDE H2s 7783-06-4
NH3 Conventional AMMONIA H3N 7664-41-7
b H+ Conventional H+ H+
NH4+ Conventional NH4+ NH4+
NH2CO0O0- Conventional CARBAMATE NH2CO0O-
HS- Conventional HS- HS-
HCO3- Conventional HCO3- HCO3-
OH- Conventional OH- OH-
5-- Conventional 5-- 5-2
CO3-- Conventional CO3-- C03-2
\ l Find I [ Elec Wizard ] l SFE Assistant I l User Defined ‘ { Reorder I y

From “Navigation” pane, you will notice that there are half-filled red circles, which

means that they require either more input data or parameter estimation. Click on “Next” button
more than once until you get rid of all red signs and the Aspen Plus sky becomes clear blue.
Assure that the missing pairwise interaction parameters can be calculated by “UNIFAC” method.
Once the properties analysis completed successfully, switch to “Simulation” environment.

7
‘ ("Ilnput ‘ @ Databanks l Comments I
Parameter | NRTL I Help Dataset 1 Swap ‘ { Enter Dechema Format ‘ Estimate using UNIFAC View Regression Information ‘ I Search J I BIP Completeness ‘
Temperature-dependent binary parameters
| Componenti Ty Componentj W Source % Temp. Units & Al H Al B W BIl W [« /Y DI} W El W El W FI W Fl 7
H20 co2 APV120 ENRTL-... € 10.064 10.064 -3268.14 -3268.14 02 0 0 0 0 0
H20 H2s APV120 ENRTL-... C -3.674 -3674 11559 1155.9 02 o 0 [ [ 0
H20 NH3 APV120 ENRTL-... C -0.544072 -0.164242 167847 -1027.53 02 0 0 0 0 0
v,
4 )
‘ @ lnput | @ Databanks I Comments I o
Parameter  NRTL [ Help Dataset 1 Swap | | Enter Dechema Format | [¥] Estimate using UNIFAC | View Regression Information | | Search | [ BIP Completeness |
Temperature-dependent binary parameters
| Componenti Componentj W Source [ Temp. Units AT Al T BU W Bl W a w DU E) W Bl W Fu % 2]] [
H20 coz APV120 ENRTL-... C 10.064 10.064 -3268.14 -3268.14 02 [ [ [ 0 [
H20 H2s APV120 ENRTL-... C -3.674 -3.674 11559 1155.9 02 o Q [ [ 0
H20 NH3 APV120 ENRTL-... C -0.544072 -0.164242 167847 -1027.53 02 [ [ [ o 0
» coz H2s NISTV120 NIST-1 : [ -2.14604 1.44764 473.994 440172 0.112765 (4 0 0 0 0
co2 NH3 R-PCES 0 0 -164.832 190.254 0.3 0 0 0 0 0
H2s NH3 NISTV120 NIST-HOC [ 0 449.824 -346.441 0.3 o Q [ [ 0
NISTV120 NIST-IG
NISTV120 NIST-RK
! 7
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Part 6
SOLIDS CLASSIFICATION
Solids are classified by Aspen Plus as shown in Table 14.B.1.

TABLE 14.B.1 Solids Classification Based on Knowledge of Molecular Structure and
Chemical Reactivity.

Class Type Characteristics Example
Conventional (a solid  Salts Participates in phase NaCl(s), ice, and
with a well-defined equilibrium thus purified terephthalic
molecular structure) defined through acid (pTA(s))
chemistry
Conventional Inert An inert solid phase SiO,(s) and urea(s)

Solids (CISOLIDS) and does not
participate in phase

equilibrium
Non-conventional Non-conventional Characterized through  Coal and paper pulp
(complex structure) Solids (NCSOLIDS) component attributes

(ultimate analysis) -
special thermodynamic
models

Figure 14.B.1 shows how one can define the same component using different types; hence, a
different “Component ID” will be created each time. For example, if “NACL” is defined as
“Conventional”, then it will be part of the aqueous medium (i.e., participates in phase equilibrium);
on the other hand, if it is defined as “NACL(S)”, that is, “Solid”, then it will be treated as inert (i.e.,
will not be part of the aqueous medium). Silica being defined as “Solid” means it is with a known
molecular structure; on the other hand, coal being defined as “Nonconventional” means that it has
a complex structure.

‘ @ selection |Pe1:ro|eum I & MNonconventional lEnterprise Database I Comments l )
Select components
Component |D Type Component name Alias CAS number
WATER Conventional WATER H20 7732-18-5
NACL Solid SODIUM-CHLORIDE NACL 7647-14-5
NA+ Conventional NA+ NA+
CL- Conventional CL- CL-
PTA Conventional TEREPHTHALIC-ACID C8H604-D3 100-21-0
PTA(S) Conventional TEREPHTHALIC-ACID C8H604-D3 100-21-0
COAL Nonconventional
s102 Solid SILICON-DIOXIDE s102 14808-60-7

L[ Find ‘ [ Elec Wizard |[ SFE Assistant | [ User Defined | [ Reorder . y
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Part 7
PROBLEM DESCRIPTION

NH:

Benzamide (C7H7NO), with a molecular weight (MW) of 121.14, is an aromatic amide that
consists of benzene bearing a single carboxamido substituent. Its Simplified Molecular-Input Line-
Entry System (SMILES) formula is NC( O)C1 CC CC C1. Itis a transparent crystalline substance,
obtained by the action of ammonia upon chloride of benzoyl, as also by several other reactions
with benzoyl compounds. It has a melting point of 130-C, a normal boiling point of 288-C, and a
density of 1.341 g/cma3. It is slightly soluble in water and more soluble in ethyl alcohol and carbon
tetrachloride. It is used in chemical synthesis. Benzamide is the most potent poly(ADP-ribose)
polymerase (PARP) inhibitor in the family of benzamides (PARP inhibitors can be used as
anticancer agents, radiosensitizers, and antiviral agents). Benzamide is used as a potent
antiemetic (against vomiting), antidepressant, and anticholinergic (a substance that opposes or
blocks the action of acetylcholine, sleep aid, daytime sedative, when more potent agents are
contraindicated).

In this chapter, | guide the reader through the procedure for estimating the physical properties for
this component as if it were not present in the Aspen Plus databanks. Plugging the molecular
structure and some known molecular properties of benzamide will be sufficient for Aspen
Properties to estimate typical thermodynamic and transport properties. It should be noted that
benzamide is already an Aspen Plus databank member (i.e., fully characterized). So, why do we
need to use a known databank member? Well, it is simply for the sake of comparison; the
estimated properties will be contrasted versus those of the built-in (Aspen Plus databank member)
benzamide component. At the same time, it will be used as an example to demonstrate how to
use Aspen Properties as a tool to almost fully characterize a material with a little information about
it.
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How to Simulate

1. Using Aspen Plus, start a new simulation by choosing the “Pharmaceutical” category and
selecting “Pharmaceuticals with Metric Units” template to create a steady-state flow sheet. Notice
that the default property method is set to “NRTL” (Figure 13.1).

2. Next, we will define a component called BNZMD-UD. The suffix “UD” means User-Defined. In
the first line of the “Component ID” column, enter “BNZMD-UD”. Diligently, hit “tab” or “enter” key
and Aspen Plus will automatically assign the “Conventional” type for such an unrecognized name
of a component. Notice that “BNZMD-UD” is not present in any of the Aspen Plus databanks;
hence, “Component name” and “Alias” column remain empty, as shown in Figure 13.2.

@ Selection | Petroleum | Nonconventional Enterprise Database | Comments

Select components

Component ID Type Component name Alias CAS number
BNZMD-UD Conventional
L| Find | | Elec Wizard | | SFE Assistant | | User Defined | | Reorder | | Review |

Next, we will tell Aspen Plus to estimate missing parameters using “UNIFAC”. Under “Properties”
environment, go to “Methods” | “Parameters” | “Binary Interaction” | “NRTL-1” sheet and be sure
that the “Estimate missing parameters by UNIFAC” option is selected. Next, enter the molecular
structure of BNZMD-UD. Click on “Next (N—)” button and Aspen Plus will bring you to
“Components” | “Molecular Structure” | “BNZMD-UD” | “General” tab sheet.

Binary ion - NRTL-1 (T- Tx |+
[ @input | & Databanks | Comments
Parameter  NRTL Dataset 1 Swap ‘ ‘ Enter Dechema Format ‘ Estimate using UNIFAC View Regression Information
Temperature-dependent binary parameters
‘ Componenti Compenentj Source 0 Temp. Units T Al Al T B W BI a o DI W Bl W Bl W Fl. 0 Bl 7

Molecular Structure - BNZMD-UD | +

General | @Structure and Functional Group | Formula | Comments

Graphical Structure Functional Group
Method -
Functional Group Type A

Group -

Draw/Import/Edit

Number of

Group number Image Description
occurrences
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Note: You can define the molecular structure in different ways: Using the “General” sheet, which
is based on individual atoms and bonds (i.e., molecular connectivity); using the “Functional Group”
tab sheet in which you indicate the functional groups specific to a particular estimation method,;
or using “Structure” tab sheet. In old versions of Aspen, we used to define the molecular structure
via the “General” tab sheet, or import *.mol file. In this chapter, we explain how to define the
structure of a molecule using the “Molecule Editor” of Aspen Plus.

Figure 13.3 shows the “Structure” tab sheet where it is still empty as we did not yet define the
molecular structure of “BNZMD-UD”. Click on “Draw/Import/Edit” button, shown in Figure 13.3, to
open the “Molecule Editor” window as shown in Figure 13.4. This window is made of the main
window and three left panes. The first (i.e., top left) pane represents the types of bonds (i.e.,
single, double, triple, neutral, or charged) to be used; the second (i.e., middle) pane allows the
user to select the atom to be installed alone (for the first time), or attached to an existing structure
with a type of bond already selected in the first pane; and the third (i.e., bottom left) pane gives
the user the flexibility to choose a segment or fragment as part of a molecule, such as the phenyl
aromatic ring, without having to build the segment itself from scratch. Once you click on the phenyl
ring from the “Fragments” panel, drag it to the working area, decide on the proper location of the
phenyl ring, release the mouse, and hit one left-click. The phenyl group will then show up, as
shown in Figure 13.5. Alternatively, click on the proper fragment and go to the proper location in
the working area and hit one left-click. Either way, to stop adding more blocks of the same type,
just right-click the mouse or press “Escape” key. Click on the arrow icon found in the top-left tool
(second raw) and in drag (left mouse pressed) mode, you can draw a rectangle around any
existing object, then you may delete that enclosed object. Figure 13.6 shows that once | highlight
the “C atom” icon from “Atoms” pane and select the “Single bond” icon from “Bonds and Charges”
pane; | move the mouse to one of the corners (i.e., ring carbon atoms) of phenyl ring, where “CH”
group will appear exactly beneath the mouse at the selected corner; and then | left-click the mouse
once. Right-click to stop adding more of the same type. As | did in the previous step, highlight the
“O atom” icon from “Atoms” pane and select the “Double bond” icon from “Bonds and Charges”
pane; move the mouse exactly onto the top of the methyl group; left-click and drag away the
mouse; and then release the left mouse. Right-click the mouse to stop adding more of the same
type. Figure 13.7 shows the new changes after the attachment of “O” atom to the methyl group
via the double bond. Finally, highlight the “N atom” icon from “Atoms” pane and select the “Single
bond” icon from “Bonds and Charges” pane; move the mouse exactly onto the top of the carbon
atom of the carbonyl group, where “CH” group will appear underneath the mouse; left-click and
drag away the mouse; and then release the left mouse. Right-click the mouse to stop adding more
of the same type. Figure 13.8 shows the latest changes after the attachment of “NH2” group to
the carbonyl group via the single bond.
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Click on “Calculate Bonds” button so that Aspen Plus will transform the image into known bonds
and atoms (i.e., their bond energies and lengths will be calculated). Figure 13.11 shows the
“General” tab window where the atomic connectivity has been automatically calculated by Aspen
Plus, based on the defined molecular structure under “Structure” tab.

r -
[ General | ¥ Structure and Functional Group

Graphical Structure H

MNH,

| Draw/Import/Edit |

| Calculate Bonds I
. >
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@ General | Structure and Functional Group | @ Formula | Comments

Define molecule by its connectivity

‘ Atom 1 Number Atom 1 Type Atom 2 Number Atom 2 Type Bond type

1 2 Double bond
3 Single bond
4 Double bond
5 Single bond
6 Double bond
Single bond
Single bond

Double bond

W =~ BB & W Bk W N
- o T o T o T o N o T & NN o B & |
[ T = T o T o T o N o T & NN o B & |

-~ o~

Single bond

Figure 13.12 shows the formula tab window where Aspen Plus tells us that our lovely
benzamide molecule is made of seven carbon atoms, seven hydrogen atoms, one nitrogen
atom, and finally one oxygen atom.

& General | Structure and Functional Group @rformula | Comments
Enter the formula
Atom type Mumber of
occurrences
> C 7
H 7
N 1
o] 1
h w

Next, we will enter the known property data for “BNZMD-UD”. The molecular structure information
is sufficient for Aspen Plus to estimate properties. However, entering all available data will further
improve the accuracy of the Aspen Plus properties estimation. To demonstrate this point, if the
user attempts to run the property estimator at this point, then Aspen Plus will do its best to carry
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out the property estimation process; nevertheless, the estimated properties will not be accurate
enough. Figure 13.13 shows some of the estimated properties where the estimated boiling point
(“TB”) is given as 239.49-C. The experimental value is 288-C. This means that more experimental
data are to be supplied by the user in order to have a better property estimate.

To enter the boiling and freezing point for “BNZMD-UD”, execute the following steps:

1. In “Navigation” pane, go to “Methods” | “Parameters
button.

2. In the “New Pure Component Parameters” dialog box, select “Scalar”, as shown in Figure
13.14.

3. Enter the new name “BNZMDPRP” and click on “OK” button. The “Methods” | “Parameters” |
“Pure Components” | “BNZMDPRP” | “Input” tab sheet appears.

4. In the first “Component’-labeled column, click the drop-down arrow and select “BNZMD-UD”.

”l“

Pure Components” and click on “New...”

- N
@' New Pure Component Parameters X

Select type of pure component parameter
@ Scalar
() T-dependent correlation

) Nonconventional

Enter new name or accept default : BNZMDPRP|

OK ][ Cancel ]
N—————————————————————————————————




9
\)} Educational Institute for Equipment and Process Design

5. Click beneath the “Parameters” column, and select “RHOM” (mass density).

6. Click the second horizontal cell under the “Units” column, and select gm/cc (g/cm3) and in the
corresponding cell, beneath the fourth column, enter 1.341 as the value of density.

7. Click below “RHOM?” cell and select “TB” (normal boiling point).

8. Select oC for “TB” unit and in the corresponding cell, beneath the fourth column, enter 288 as
the value of normal boiling point.

9. Click below “TB” cell and select “TFP” (freezing point).

10. Select oC for “TFP” unit and in the corresponding cell, beneath the fourth column, enter 130
as the value of freezing point. Figure 13.15 shows that “BNZMDPRP” property is now defined and
contains the mass density (“RHOM”), the normal boiling point temperature (“TB”), and the freezing
point temperature (“TFP”) for “BNZMD-UD” compound.

@ Input | Comments
-Pure component scalar parameters
) Component
Parameters Units Data set BNZMD-U ~
RHOM gm/cc 1 1.341
TB C 1 288
TFP C 1 130
, w

We have already entered the pure component property data for “BNZMD-UD” compound. Aspen
Plus is now ready to compute the missing properties of “BNZMD-UD” compound. Run the
simulator and monitor warning and errors (if any) via the “Control Panel”. There might be some
warnings as shown in Figure 13.16 but such a warning can be ignored.

Figure 13.17 shows a portion of estimated properties under “PCES-1”" sheet for our lovely
“‘BNZMD-UD” molecule. Typical physical (thermodynamic and transport) properties are also
shown under the sheets starting from “CPIG-1" and ending up with “SIGDIP-1".
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@Input | Comments N
- Pure component scalar parameters
Component Component
Parameters Units Data set BNZMD-U ~ -
MWW 1 121.139
TC C 1 547.66
PC atm 1 47.6609
vC cc/mol 1 3545
ZC 1 0.250856
DHFORM cal/mol 1 -27493.3
DGFORM cal/mol 1 13853.1
OMEGA 1 0547272
DHVLB cal/mol 1 13885.2
VB cc/mol 1 121.351
RKTZRA 1 0.239917
VLSTD cc/mol 1 96.0564
>
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