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Models for simulators




The IVC-SEP Thermo System package
contains the four models:

The classical equations of state
SRK
PR

Equations of state including association

CPA
PC-SAFT



The CPA model: Cubic Plus Association
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where the site fraction is implicitly given as
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How to create a new package
of ethanol and water.

These two compounds will form hydrogen
bounds with themselves as well as with each

other.



I¥C-SEP.CAPE-OPEN Thermo System

WC-SEP. CAPE-OPEM Thermo Systern - Thermo package configuration and managerment

hasicPack
Hoarb? SR

Awailable packages

=elected property package: compounds and maodel(s)

ethane 74 -84 -0
ethanol 64-17-5
hydrogen 1333-74-0
methane 74-82-8
methanol 67-56-1
n-butane 106-97-8
nitrogen FT27-37-9
n-pentane 109-66-0
propane 74 -98-5
watrer F732-18-5
isohutane 75-28-5
isopentane 7B-7E-4

Default property values |

“apour phase

Binary interaction parameters

|Snave-RedIich-Kwnng + Association equation of state (CPA)

Liguid phase

|Snave-RedIich-Kwung + Asszociation equation of state [CPA)

Delete selected package ||

Continue / use existing package ||

=10l x|




I¥C-SEP.CAPE-OPEN Thermo System

We want a new package wit

ethanol and water

using

he CPA model

h i+ Standard

Select Database

= PC-SAFT

1-hutanol
1-butene
1-heptene
1-hexanol
1-hexene
1-octanol
l-octene
l-pentanol
l-pentens
l—pruﬁanu1
Z2-methylpentane
d—pentanone
3-methylpentane
acetaldehyde
acetic acid
acetoneg
acetylene
ammond a

aniline

anisole

<]

Awailable compounds

oelect compounds from Database

Add -z “

71l-36-3
106-95-9
a92-Fa-7
111-27-3
192-41-6
111-87-5
111-656-0

71-41-0
109-67-1

7l-23-8
107-83-5
107-87-9

05-14-0

75-07-0

64-158-7

67-64-1

74 -86-2

7054 -41-7

62-53-3

100-56-3

TAAN 2T 1

{{-HmﬂWE“

oelected compounds
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I¥C-SEP.CAPE-DPEN Thermo System 10| =]

Select Databasze

i Standard i~ PC-SAFT

o ds from Database
u | ect compoun
<<~ Remove ||
Available compounds — Selected compounds

oy loheptane 20164 -5 a -
oy clohexane 110-82-7 [ [
cyclohexano 108-593-0

oyc lohexene 110-83-8

cyClopentane 2B87-92-3

dichloromethane 75-05-2

diethyl ether G0-29-7

diethylamine 10G-89-7

diethylene glwcol 111-46-6

dimethy1 ether 115-10-6

ethane 74-84-0

etﬁy acetate 141-75-8

ethyl formate 10G-54 -4

ethylamine 75-04-7

ethylhenzens 100-41-4

ethylens 74-85-1

ethylene glycol 107-21-1

formaldehyde 50-00-0

Eurmic Qcmj 64 -18-6 - -

Lirtae [ e |
<] _>I_I Kl _>I_I

MEKXT -z=== ||




I¥C-SEP.CAPE-DPEN Thermo System 10| =]

Select Databasze

i Standard i~ PC-SAFT

sflect compounds fram Database

<<- Remove ||

Ayailable compounds =elected compounds
n-octane 111-65-5  af|| | " S T T - |
n-pentane 109-66-0
o-cresol B5-48-7
o-dichlorobenzene 85-50-1
g =Ty FFB2-44-7
o-xylene G5-47-5
p-cresol 106-44-5
p-dichlorohenzene 106-46-7
phenol 108-595-2
propanea 74 -08-5
propionic acid 7o-0%-4
propylens 115-07-1
p-xy lene 106-42-3
pryridine 110-856-1
styrensa 100-42-5
sulfuric acid 7664 -53-5
thiophene 110-02-1
toluene 108-88-3
vimyl chloride
:water EE -
Kl _>I_I

MEKXT -z=== ||




I¥C-SEP.CAPE-OPEM Thermo System

The CPA parameters are
In the standard database

Select Database

f* Standard O PC-SAFT

select compounds from Database

<<- Remove ||

selected compounds

FF32-18-5

Awailable compounds

n-octane 111-65-5  af|| | " - |
h-pentanea 108-66-0 water
o-cresol 85-48-7
o-dichlorobenzensa 85-50-1

oo en FrB2-44-7

o-xylene G5-47-64

p-cresol 106-44-5
p-dichlorohenzens 106-46-7

phena 108-595-2

propans 74 -98-5

propionic acid 7o-0G-4

propylens 115-07-1

p-xy lene 106-42-3

i dine 110-86-1

styrene 100-42-5

sulfuric acid 7664 -93-5

thiophene 110-02-1

toluene 108-858-3

Kl ; <
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I¥C-SEP.CAPE-OPEM Thermo System

soave-Redlich-Kwong + As

ssociation equation of state (CPA)

soave-Redlich-Kwong + As

:zociation equation of state (CPA)




I¥C-SEP.CAPE-DPEN Thermo System 10| =]

... and we choose CPA for both phases

Model selection

“apor phase

Lssociation eguation of state [CPA)

iation eguation of state (CPA)

soave-Redlich-Feong (SRK)
Peng-Robinson (PR
| Soave-Redlich-Kwong + Association equation of state [CPA) |

Enter package name (20 characters max, no space)

<<=<- Back || Save ||




I¥C-SEP.CAPE-OPEN Thermo System

soave-Redlich-Fwong + A

ssociation equation of state (CPA)

moave-Redlich-Kwong + A

zzociation equation of state [CPA)




I¥C-SEP.CAPE-OPEN Thermo System

soave-Redlich-Kwong + Association eguation of state (CPA)

Soave-Redlich-Kwaong + A

ssociation equation of state (CPA)

[Ethanoiwated]




I¥C-SEP.CAPE-DPEN Thermo System 10| =]

WC-SEP. CAPE-OPEM Thermo Systern - Thermo package configuration and managerment

Awailable packages =elected property package: compounds and maodel(s)
basicFack ethanol 6d-17-5
Heark/ SR water 7732-18-5

‘EthanolyWater

Then we set the binary
Interaction parameters

“apour phase

|Snave-RedIich-Kwnng + Association equation of state (CPA)

Liguid phase

|Snave-RedIich-Kwung + Asszociation equation of state [CPA)

Delete selected package || Continue / use existing package || Create new package ||




I¥C-SEP.CAPE-OPEN Thermo System

ethanol
water

oselect compound |

Binary interaction parameters

oelect compound |

FP32-18-5

ethano |

water

64175

SRk

Standard database

FR

Save

Save

=10l %]




I¥C-SEP.CAPE-DPEN Thermo System 10| =]

WC-SEP. CAPE-OPEM Thermo Systemn - Thermo package configuration and management——

Awailable packages =elected property package: compounds and maodel(s)
basicFack ethanol 6d-17-5
Heark? SR water 7732-18-5

Ethanolater

We have now made a new package
for the CO compliant simulators

“apour phase

Binary interaction parameters

|Snave-RedIich-Kwnng + Association equation of state (CPA)

Liguid phase
Leifzulit prajpeity valvzs || |Snave-RedIich-Kwung + Asszociation equation of state [CPA)
Delete selected package || Create new package ||
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.Aspen Plus - Simulation 1 - [Process Flowsheet Window] - |ﬁ' |1|
EFiIe Edit Wew Data Tools Run Flowsheet Library ‘Window Help _|ﬁ||1|

F [ i 4.|ﬁ|-,-a||—\ a| almlﬁl-ﬁﬂ-@\

o ol

E Process Fla.. |
Mlxms!SpllllEIS | Separators I Heat Exchangers Columns | Reactors Pressure Changers I anipulators I Solids I User Models
b b
I aterial ‘ ’
STREAMS Mixer FSlet SSplit

|F0r Help, press F1 |C:'l,Martin'l,AspenFiIes'l,Egne MM Flowsheet Mot Complete




.Aspen Plus - Simulation 1 - [Process Flowsheet Window] - |ﬁ’ |£|

B Ele Edt WView Data Tools Run Flowshest Library window  Help ==l x]
D@ B[ (@] x| idl-lels|<le] wf| o0 (v =] 5@l = ol s
[ ]| ]2 ek | 6] al@|E1 =] /

Import CAPE-OPEN Property Package

4] I _'I_I
| @ Process Fla... I

MI#BIS-’SDHHEIS Separatu:urs I Heat Exchangers I D:ulumnsl Reactors I Preszure Changers I anipulatars I Su:uliu:lsl Uszer Modelz I
w b
b aterial ‘ Ew )
STREAMS Mixer FSplit S5plit

|For Help, press F1 |C:'LMartin'L.C\spenFiles'l,Egne |NUM | |F||:|wsheet Mok Campleke



.Aspen Plus - Simulation 1 - [Process Flowsheet Window] =] |

@Eile Edit Wiew Data Tools Run  Flowshest Library  Window Help _|5’|5|

Dl'ﬁlnl §|@-| |E| El 'ﬂ“l*ﬂg‘al“‘l*ﬂ@“lﬂ >| [>||4|:|E|@| @I ;@gl@l
= o= aln | o|a|mEq{| =

Al
Available Property Packages ﬂ
Property Packages MName |IWCSEPThemaSystem. IVCSEPSystem.1
=1 IVC-SEP Therma System Description I
i basicPack
- Hearb?_SRK About

i Ethanols! ater
I Azpen Properties
- Standalone Froperty Packages

We look [for the desired package
EthanolWater and click OK

Yendar I

CAPE-OFEM wersion I—
I—

Compaonent werzion

Cancel | Component help Help I Package Details | | |

-
KN | »
| @ Process Fla... I

Hluelsfﬁpllllels Separatu:urs I Heat Exchangers I Colummng | Reactors Frezzure Changers I b anipulators I Solidsl zer Models
- -
b aterial ‘ Eﬁj ’
STREAMS hef iy FSplit S5plit

|F|:ur Help, press F1 |C:'I,Martin'l,.ﬁ.spenFiIes\,Egne LM | |Fluwsheet Mok Complete



.Aspen Plus - Simulation 1 - [Process Flowsheet Window] =] |
@Eile Edit Wiew Data Tools Run  Flowshest Library  Window Help _|5’|5|

D3| S| =@ ¥ v w| = Rl & @& s
MF= B IR Y

Go to Physical Properties

-
< | :
| @ Process Fla... I

Hluelsfﬁpllllels Separatu:urs I Heat Exchangers I Colummng | Reactors Frezzure Changers I b anipulators I Solidsl zer Models
- -
b aterial ‘ Eﬁj ’
STREAMS hef iy FSplit S5plit

|F|:ur Help, press F1 |C:'I,Martin'l,.ﬁ.spenFiIes\,Egne LM | |Fluwsheet Mok Complete
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Here we select the
Property method called
CP-1




Next, we go to this folder...




... and we choose the Soave-Redlich-Kwong.

Next, we want a Pxy diagram of this binary
mixture.




Select Tools menu
and select Analysis / Property / Binary...




... and enter the desired temperature
— in our case 298.15 K




Here the calculations are available




The CPA model
enables us to
describe the ethanol
— water system over
a wide temperature
and pressure span.

Ind. Eng. Chem. Res. 2005, 44, 3823-3833
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Equilibrium unit, or
Reactor unit
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In the spring of 2005, we have developed our first
few unit operations.

Here: A two-phase PT-flash based on our in-
house flash algorithm.



$

Use our own PT-flash combined with the thermodynamic
models of the process simulator.

The algorithm needs the updated equilibrium constants
several times during the calculation. Therefore the CO unit
must be able to call the thermodynamic model of the process

simulator.

» P,T InK. =Inj"! - Inj""




$

To make these updates of the equilibrium constants
during the calculation in the Fortran subroutine, we
need to make callbacks to VB where we can get
fugacity coefficients.

CO unit operation

Subroutine FortranSub
compiled as a dll

Sub VBmain

Call FortranSub

~

|

|

|

|

|

I '

o

| Q*j - Call VBprogl
. | End Sub P,

: Wy

: Sub VBprog % “NEnd subroutine
|




Click on the library menu




Choose the point References... ... and select CAPE-O PEN

e




Now you can choose from the CAPE-OPEN unit operati  ons




Next, draw the process flowsheet




... Select the components ...




... choose the thermodynamic model ...




... and enter the composition




For the operational conditions: Double click on the unit

and enter the conditions here
or




D

... you can enter the PT conditions here




Start simulation




... and presents
the results.




The results are identical to the results of Aspen
Plus’s own two-phase flash.

However, Aspen Plus’s flash only converges when
the default number of permitted iterations are
iIncreased from 30 to at least 150 (near the critical
point).



Thermo Property Package
Make it work for PRO/II as well.
Extend the number of compounds.
Aromates and glycols.

Unit operations
CO, absorber for CO, capture
Two-phase chemical reactor



$

The four members of the CHIGP project from which
our CAPE-OPEN developments are sponsored.
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Meaersk Oil and Gas AS



