ChemSep in Motion

Cannes, March 2006,
Harry Kooijman & Ross Taylor

Modeling Separation

C h e m S e P’I’OCGSSGS



Overview

- Where we were: Como 2005
- Interoperability status ChemSep:
Aspen Plus, PRO/II, Aspen HYSYS, COCO
- ChemSep-LITE & flowsheet examples
- Conclusions & outlook
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Status of ChemSep-CO at Como 2005

- CAPE-OPEN ChemSep Unit Operation

- Equilibrium & nonequilibrium columns solved in
- Aspen Plus
- Aspen HYSYS
using ChemSep thermo & physical properties

- PROI/II crashed:

- assumed that the Unit Operation has predefined in-
and outputs whereas ChemSepUO has none by
default
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Interoperabllity with COSE

Running using ChemSep thermo & physical properties

. Avallability of COSE thermo & properties not at VLE
conditions (i.e. m{p,T,x} and m{p,T,y} @ T<T, or T>T)

- Availability of derivatives (fm/qn) of the COSE thermo
properties ® Quadratic Newton convergence

Possibility to add/remove/rename Ports

. Avallablity of pure component data (PCD) needed for
calculation of (user) properties (T.,p.,V.W,M,, -..)
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Interoperabllity through Flexibility

H.| ChemSep Unit “ChemSepll0_1*:

H.| ChemSep Unit “ChemSepll0_1*:

Perturbation ] Flazh ] Ports ] About
Shatus & Reparts l it Dperation ] Optiarg
Status:

1 Converged

1 lterations

Feport:

Output j Show

|
l

H | Chem5ep Unit "ChemSepUO_1":

About
Ophions

Flazh ] Ports ]
Lnit Qperation

Perturbation ]
Statusz & Reportz

i ||:hemsepun_1

Sep File: Start with new sep file

Import existing zep file

Edit current =ep file

Export curent zep file

Additional command line arguments for ChemSep-GUIL
Akpld

|
l

About ]
Options

Ports ]
Lrit QDperation

Perturbation ] Flash ]
Statusz & Reportz ]

v Usze Cape-Open themodynamic properties

[ Only use K-values and enthalpies

[ Only use perturbation derivatives

[ Only use perturbation for rmalar derivatives

v se 'Wilzon ideal salution model ta
initialize equilibrium calculations

™ Suppress warnings

Clear Log | Clear inital guess |

ChemSep Interface | Clogze

| ChemSep Interface | Cloze

| ChemSep Interface | Cloze ‘

H.| ChemSep Unit “ChemSepll0_1*:

Options
About

Status & Reports ] LInit Qperation ]
Perturbation l Flash ] Parts ]

Perturbation distances for nurmencal dervatives:

Relative temperature perturbation;  |0.001
0.0

0.0

Relative pressure perturbation:

Compozition perturbation:

H.| ChemSep Unit “ChemSepll0_1*:

Options
About

Status & Reportsz ] Lnit Qperation ]
Perturbation Flash Parts l

Select flash method:

<NOne: o
PyF -

Py

Fe-tlash of inlet streams:

Flash of outlet streams:

X

H.| ChemSep Unit “ChemSepll0_1*:

Status & Reportsz ] Lnit Qperation ] Options ]
Perturbation l Flash Parts About ]
Port Dir... | Stage Connected to
Feedl_stage8 in a 1

TopProduct aut  top 2

BottomProduct  ouwt bottom 3

ChemSep Interface | Clogze

ChemSep Interface Cloze

ChemSep Interface Cloze
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Interoperability Test Case: C,/C, Splitter
g

Tops
B p = 211.7 psia
0.12 C3_ T .. =66°F
0.33 C;= refiux
0.141iC,
0.03nC,

0.38 1C,= =
977.4 Ibmol/h ﬁ/ /J Bottoms
221 psia, 134 °F D@—B
B = 534.1 Ibmol/h
p=216.2 psia

VLE = Soave-RK Chem.Eng.Res.Des. Vol. 83 p. 508
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Stage

Results

Liguid phase composition profiles

' ChemSep

0.2 0.4 0e

Liguid mole fraction

# Propane —&— # lsobutane —B—
# M-butane —x—

'\ % ChemSep'

# 1-butene —7—

Y Propane/(Propane+ sobutane)

0.8

0.6

0.4

0.2

McCabe-Thiele diagram for Propane - Isobutane

ChemSep|

0z 0.4 0.6 0.8

* Propane/(Propane+sobutane)
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C./C, Splitter in Aspen Plus v12.1.8

.Aspen Plus - c3c4_cs.apw - [Process Flowsheet Window]

=10] x|

=121 x|
D|(=| S| B|@| 8| il |es|-ala| | E v oW = 6F| @ ¢
FHF cla g sslx | | smEH
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@ File Edit View Data Tools Run  Flowsheet Library  Window Help

2 fe

ChemSepTT0 F oo

< | _’lj
%

Heat Exchangers Columnz | Feactors Preszure Changers b anipulators I Solidz I zer 4 I * I

MEItEfiEIl ¥ ‘ whacr Clam wharEplic 11 whasEphie 11 CheraSepl ol )
STREARMS Mimer CL..  Mi=MSpl...  MxNSph.. hemSepUC

|F|:ur Help, press F1 | |E:'|,...esZDDEu'I,cSc4spIitter'l,aspen | | |Results Available 2
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C./C, Splitter in COCO

#% COFE - [c3c4splitter] X
E File Edit Flowsheet Plot  Wiew ‘Window Help - 8 x

(== = P 7|+ defaul r | kB

Sl oo Statug Edit IF'-:'rtSIIHF-:' ]
Farameter Walue LIt
GU&rguments Jkpld
I1zeC0OSEThermno TRUE
|lzeCOSEDiffusionCosfficients FaLSE
|1zePerturbedDerivativezOnly FALSE
I1zePerturbed_dd:= FALSE
Suppresstamings FalLSE
R elativePerturbation T emperature 0.001
RelativePerturbationPrezsure 0.0m
FerturbationComposition 0.0m
— |nletR eflazh CNOnEs

solve finished OutletFlash PyF

Starting solve Usenipky aluestndE nthalpyFromC0SE FALSE

solving ChemSepU0_1 :

Solve finished Tr_l,ll__lsmgHestartData TRUE
it tageFromPortM ame FaLSE

Solve Finished ilzonE stimate TRUE

Show GUI
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Interoperability: PRO/II v7.1 Workarounds

1. ChemSepUO with automatic port assignment:
Windows registry entry
UO has always one feed and two outlets (normally none)

2. Error in size of return result of
GetComponentDescription inquiring CAS number
Check if executable is Proll.exe
Ignore error, assume CAS number is returned in 0" element
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C.,/C, Splitter in PRO/II v7.1

PRO/II with PROVISION - c3c4splitter_csco - [Flowsheet] E'@'E'
=]

El File Edit Input ©Output Tools Draw  Yiew Options  ‘Window Help : »
Tl o] =l [ L
[ 2 B S E A BS54 Ek=E 6 — =8 o
e
coi
= E = =
=3 =
T— ------------------------- - — - — e — e — e —ee— e — - — - -
1| Stream Hame 51 52 53 !
! Stream Description |
! Phaze Liquid Liquid Liquid ||
I i
! | Temperature F 134.000 Q6. 7ET 191 623 !
! Praszsure PE1A 221.000 211.700 216.200 i
I:I Flowrate LB-MOLHF Q77405 A 305 534101 |
! Composition !
| PROPAMNE 0.1z0 0263 0.oo1 i
i PROPYLEM 0330 0727 0.oo i
N ISOBUTAMN 0140 0.oo4 0253 '
! MBUTAME 0.030 0.ooo ooss |l
|| 1BUTENE 0320 000 0690 |
e s " u
W
£ >
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CAPE-OPEN Interoperability ChemSepUO

COSE ChemSep | COSE | qim/qn | Ports | PCD | Comments
thermo thermo
Aspen+i2is “‘Done”
COCO oy “‘Done”
PRO/II 71 Saving not ok
HYSYS No response
Contact us!

P& 5 ChemSep




CAPE-OPEN Interoperability ChemSepUO

COSE D Xd,CS Xd,CS: Xd,iC4 Xd,nC4 Xd,1C4:
Ibmol/h 104 104 104

RadFrac 443.300 | 0.2631 | 0.7269 | 36.5 1.4 62.1

Aspen+izis

ChemSepUO | 443.300 | 0.2631 | 0.7269 | 36.5 1.4 62.1

Aspen+i2is

Distill 443.305 | 0.2632 | 0.7268 | 39.6 1.5 59.0

PRO/II 74

ChemSepUO | 443.305 | 0.2631 | 0.7269 | 37.8 1.4 60.8

PRO/II 7.*

COCQ oo** 443.305 | 0.2631 | 0.7269 | 37.8 1.4 60.8

* ChemSepUO in Proll was set to use the ChemSep property routines
** COCOI/TEA uses reimplemented thermodynamic and pure component data libraries of ChemSep
All comparisons done with the same SRK binary interaction coefficients



CAPE-OPEN Interoperability ChemSepUO

COSE Tb Xb,C3 Xb,C3: Xb,iC4 Xb,nC4 Xb,1C4:
F 104 104

RadFrac 191.74 12.5 5.5 | 0.2532 | 0.0548 | 0.6902

Aspen+izis

ChemSepUO | 191.74 12.5 5.5 | 0.2532 | 0.0548 | 0.6902
Aspen+i2is

Distill 191.62 11.8 6.1 | 0.2529 | 0.0548 | 0.6905
PRO/II 74

ChemSepUO | 191.37 12.6 5.4 | 0.2531 | 0.0548 | 0.6904
PRO/II 7.*

COCO os** 191.37 12.6 5.4 | 0.2531 | 0.0548 | 0.6904

* ChemSepUO in Proll was set to use the ChemSep property routines
** COCOI/TEA uses reimplemented thermodynamic and pure component data libraries of ChemSep
All comparisons done with the same SRK binary interaction coefficients
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ChemSep-LITE is CAPE-OPEN

Equilibrium column simulator

Maximum 5 compounds and 50 stages
55 component library (extendable)
Download free from www.chemsep.com

Example: Air Separation Unit using COCO
(www.amsterchem.com)




Air Separation Unit with Argon Production

With COCO: 5 iterations using stream estimate for stream 22

Compression

N, separation _
O, separation

Argon
separation

Refrigeration
Using JT

Cooling

VLE: Peng Robinson with kij



Air Separation Unit: Specifications

T,,=25°C
F,,=3.453 =250
p=1.01325 Tou=25°C
X o=5%107, S,/V=0.02
X, o=0.985
p,/p,=1.9
Eff=80% p=1.2
T.,,=40°C _
w0 p=5.0 P=l2 o4
Pou=1.6 =
Qea0l  Nogs Eff=80% Qpea=0.1
N N N=50
Qleak:O'l\
N=50
T, =140K
p=5.7 $=0.225
p=1.3
T,,=99.6K
p=1.35
=250
X, 6,=0.985 Tou=25°C

O, and Ar purities specified at 98.5%; Recoveries »75%, respectively »85%.
Better recoveries and purities can be obtained with more stages!



Air Separation Unit: Heat Integration
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Air Separation Unit: Low Pressure Column

1 ppm

<«— High L/V to obtain GN2 purity

Location for sidedraw to argon
column low enough to prevent
N, buildup in argon column
but y,, high enough



Air Separation Unit: Low Pressure Column



Conclusions & Outlook

Aspen Plus v12+ and COCO fully support ChemSepUO
ChemSepUO runs in PRO/II v7.1 (with workarounds)
No further progress with Aspen HYSYS

COCO is our development tool for ChemSepUO

*free* CAPE-OPEN version of ChemSep-LITE

Test support of other COSE’s (QPROMS, ProSim, ...)
Extend our set of available column specifications
Upgrade existing RD, LLX, & VLL models to Cape-Open

(see http://www.chemsep.com/chemsep/program/development.html)



Areas for Development

- Access to all pure component properties for user
block internal property calculations

- Flowsheet reinitialisation: resetting of intermediate unit
operation results or not?

- Handling of flowsheet icons/representations for unit
operations (only COCO can do this)



