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MEMSIC

A CAPE-OPEN compliant simulation module

Notice

MEMSIC is a useful CAPE-OPEN compliant simulation software to simulate gas separation
processes through a membrane module. This software has been developed at the Separation
Processes Group (Laboratoire Réactions et Génie des Procédés, UMR CNRS 7274 — Nancy,
France). Most process simulation software tools (PSE: Process Simulation Environment as ASPEN®,
HYSYS®, PRO/Il ®, PROSIM®, etc.) implement CAPE-OPEN interfaces that enables the end-user to
plug CAPE-OPEN compliant tools and to export CAPE-OPEN compliant components.

Four different types of hydrodynamic conditions are taken into account in MEMSIC: (1) cross
plug flow, (2) perfect mixing, (3) Co-Current plug flow and (4) Counter-Current plug flow.
Additionally, five different concepts and/or theoretical model are proposed to describe the

transport mechanism of molecular species through a membrane: (1) Constant Permeability, (2) Dual

Mode, (3) Henry, (4) ENSIC and (5) Flory-Huggins.

Installation of the CAPE-OPEN module

In order to install the module, we have developed a wizard. By clicking on the setup assistant
and after accepted the license agreement, the installation goes through a series of dialog boxes.

Don’t forget to plug the dongle into your computer before install the program.




111 MEMSIC Setup = ]

Installation Complete

| | [ I I I ] ] | MEMSIC Please review the license terms before installing MEMSIC. | | [ I I I ] ] | MEMSIC Setup was completed successfully,
Press Page Down to see the rest of the agreement. Completed
VEMSIC License Agresment n - -

1. This is an agreement between Licensor and Licensee, who is being licensed to use the EI Sioodeizis
MEMSIC Software.

2. Licensee acknowledges that this is only a non-exdusive, non-transferable license.
Licensor is and remains the owner of all titles, rights, and interests in the Software.

3. This License permits Licensee to install the Software on mare than one computer

zystem, as long as the Software will not be used on more than one computer system
simultanecusly. Licensee will not make copies of the Software or allow copies of the
Software to be made by others, unless authorized by this License Agreement. Licensee

may make copies of the Software for backup purpeses only. This agreement does not -

If you accept the terms of the agreement, dick I Agree to continue. You must accept the
agreement to install MEMSIC.

MEMSIC CAPE-OPEM Unit Operation 4.0,0,1

I Agree < Back Close Cancel

MEMSIC CAPE-CPEN Unit Operation 4.0.0,1

Implementation of the module in AspenPlus®
Four steps are needed:

1. Click “Customize” on the menu bar

2. Click “Manage Librairies” on the toolbars
3. Activate the “CAPE-OPEN" module
4

. Close the window

Flowsheet

View Customize Resources Modify

io 7 Manage Libraries Add Selectes E

abl er | 37 Palette Categories | % Add Entire Case

Available Libraries

IsInUse Name Detail Location
¥ |Built-In | View.. Built-In
[¥] CAPE-OPEN | View.. | Builtn
7] ACM Models [Buiit-In : e

& |ACM Built-In View... | |Built-In t HeaterCooler ||HeatExchanger || MEMSIC ||CM:

is Separators User Models CAPE-OPEN

Then, after these steps, a new model library appears at the bottom: “CAPE-OPEN". Use this

new model library to select the unit operation model MEMSIC and place it on the flowsheet.



Implementation of the module in PRO/II®
Three steps are needed:

1. Click “Miscellanous” on the menu bar
2. Clik on the “CAPE-OPEN" icon
3. Select the MEMSIC module

Then, drag and drop the icon on the flowsheet.

Available CAPE-OPEN Unit operations:
Memsic_CO.UnitD peration.1 -
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Utilization of MEMSIC
Whatever the PSE, you have to follow these required steps:

1. Select the components to be used in your model
2. Set the calculation methods for physical and thermodynamical properties

3. Create your flowsheet by adding object: unit operation, streamline, compressor, etc.



When you connect a material stream with the module MESIC, in new windows appears in order

to select if the stream has to be considered as the retentate side or the permeate side

Co—s1] B -

MEMSIC

@ Universal Port ‘ ﬁ

RETENTATE
PERMEATE

4, Specify Material Streams to fully define both the stream’s composition and its
thermodynamic state: pressure, mole fraction, flow rate, etc.
5. When you double click on the MEMSIC module, a new windows opens with 6 different items:

“General”, “Compounds, Overview, Graph, Table, Reports

111) MEMSIC Membrane Module [=/=3] = |
General Compounds] Owerview 1 Graph 1 Table 1 Heports]
Name [B1
Description |MEMSIC multicomponent gas separation membrane separator, by LRGP /Mancy (France)
Flux model |Con5tant Pemeability j
Flow patiern |C.o|.|rﬂer-Currerrt j
Surface area 500 |m2 j
Downstream pressure |1 01325 |bar j
Membrane thickness |1 | pm j
' Copy [ Copy Al | To Excel |
Iy,
For support please contsct roda bounaceur@univ-lorraine.fr MEMS['
+" Specification complete vy oK X Cancel |
)

6. “General”: enter the operating parameters, the surface area, the thickness, the flux model

and the flow pattern



I1jj MEMSIC Membrane| x|

General | Compounds | Overvien | Graph | Table | Repats | General | Compouncs | Overvien | Graph | Table | Repots |

Name [B1 Name [B1

Description |MEMSIC multi t gas separator, by LRGP/Nancy (France) Description |MEMSIC multicomponent gas separation membrane separator, by LRGP/Nancy (France)
Flue model [Constart Permeabiity -] Flux model |Constant Pemeabiity |
Flow pattern Flow pattern Counter-Cument LI
Surtace arca Surface area e

Downstream pressure  [1.01325 Jar ~] Dowinstream pressure ELaurert

Membrane thickness |1 [um ~| Membrane thickness |1 [um ~|

5 Copy 7 CopyAl | [ ToFxcel | P Copy | (B Coyal | [ Tobxcel |
iy iy,

Eor support pl ntact roda. @univ-lorraine.fr MEMSI For support please contact roda. iv-lorraine fr MEMSI
' Specification complete 0K X Cancel ' Specification complete v 0K X Cancel lﬁi

I11) MEMSIC Membrane Module

General Compounds | Overview | Graph | Table | Reports |

< import.. | W Export @ Cory |

General Compounds | Overview | Graph | Table | Reports |

DO DHi K Ch b
em¥s | em{STRVer?/am || cnd(STRYem® ~|

S mport.. | W Eort @ |

+ Specification complete « 0K X Cancel

/Ay Unspecified DDi for compound Methane v OK X Cancel |

(Constant permeability)

(Dual Mode)

8. “Overview”/"Graph”/"Table”/"Reports”: when the calculation is finished, this tab give an

overview of the results

General | Compounds  Overview | Graph | Table | Reports |

111y MEMSIC Membran )

General | Compounds | Overview GmthwelRepoﬂsl

Plot
0 —— Relentate Flow
| ~—— Permeate Flow
[————]
—
Feed Retentate s
Connected to; 1 Connected to: 2
P=9bar P=1.01 bar
T=300K T=300K
F = 10 molis F =87 molis s
—] —_——
Upstream %
SUNSNSNSRSSSSSSSSSSSSSSY fres = 500 m? £
Downstream Thickness = 1um 4
2
Permeate 0 R ~
P=101 ha_m 2 0 200.000004000032 400.000008000084
T=300K 100.000002000016 300.000006000045
F =13 mells Area | m?
A Unspecified DDi for compound Methane ~ OK X Cancel ' Specification complete ok x |
[1} . ek
Overview

“Grqph"



General | Compounds | Overview | Graph  Table | Reports | General | Compounds | Overview | Graph | Table  Reports
Area | Retentate Fow | Retentate Methans | Retertate Fthane | Retentate Propane | Permeate Flow | Pemeats | ~ Regort: [Last un K|
m2 mol/s mol/mel mol/mal mal/mol mol/s mal/mol D = N - - P
T 10 Toar B o DS | operG calculation started: Mon Apr 18 11:45:15 2016
125 939 06452 03448 0.01 0003878 0.06196 @
25 9992 06455 03445 0.01 0.007752 0.062 Methane Permeability 1.000000e+000 Barrer
375 9988 0.6457 0.3443 0.0 001162 0.06204 Ethane Permeability 4.000000e+001 Barrer
5 9985 06459 03441 0.01001 001549 0.06207 13
Propane Permeabilit: 6.660000e+000 Ba:
525 9301 06461 031439 001001 00133 006211 SRR E— < Trex
75 9977 06464 03436 0.01001 002322 0.06215
875 9973 06466 03434 0.01001 002708 0.06218
0 9.969 05468 03432 0.01001 003092 0.06222
11.25 9.965 0647 0343 0.01001 003478 0.06225 Module MEMSIC
125 9961 06473 03427 0.01002 003863 0.06229 X
1375 3358 06475 03425 001002 004248 006233 Cross Flow multicomposant
15 9.954 08477 03423 001002 0.04632 0.06236 CrEn Chmameenl
16.25 9.95 08479 0342 001002 005018 0.0624 Janvier 2015 !
175 9.946 06482 03418 001002 0054 0.06244 Roda bounaceur -1
18.75 9.942 06484 03416 0.01002 005783 0.06247 ' '
20 9931 06436 03414 0.01002 006165 0.06251
2125 9935 05488 03411 001003 006549 0.06255
25 991 06491 0 001003 0.06931 006258 ~ -
4 m ] v 4 " 3
lal Savehs.. [ Copy Basis: |molar Wl Saveds... [ Copy
 Specification complete ~  OK X Concel |  Specification complete /0K X Cancel |
” ” ” ”
Table Reports
e s 7 ” . B
9. By clicking on the “To Excel” button, you store all the results in an excel file
11}; MEMSIC Membrane Module SIEIEN AL - £ bame
A ] 5 ] 3
General Cnmpnundsl Dvenriewl Graph I Table | Reports | = Bl
2 D ptiom MERTSIC vt A separation separator, by LRGP Nancy | Framce]
Name |B1 3 i meoded Constant Permseability
A Flow patters RPC
Description IMEMSIC mutti 1ent gas 1 membrane . by LRGP/Nancy {France) 3 S burtac ards 300"
& Upstresn prevuse B b
Flux model Constant Pemmeabili = 7 Dommatresen previe 100025 bae
I ity =] TR — 1 pm
9 Upstrisen for rate B0 mal /4
Flow pattern ICourrter—Current LI 1
1 Pureability
Surface area IE!DD I"”Q LI 1 Racres
11 arthane 1
Downstream pressure |1.D1325 Ibar ;I 14 ithane an
. 15 Pregune L
Membrane thickness |1 ILI'I1 ;I T
1 1F Amea Flow Betbuane Tthune Rrtestate Propase Perr
] Copy £ Copy All | To Excel = 4 m molfs molfmal molfmel malfmal vl
19 2,000 Y [ [ o0l 3
o L2500 261N QEHEINITE 0TI aaposssl o0
7 2.5000 AT GBISIEINE 0348607 T
n 17500 2817631 s4s6TRA 344116975 amponsls o
n .00 254508128 DEISI0MEE 030886 amooetes o
a- £.rs001 250541195 BEIELOATS 0.6 ampoeTest o
= 750001 2.976TELTL BEIEISST O.MBSBANE oozt o
I I l I I I £ 275001 24TTITI9ST 0.paEsEIEM 0. 4Ba068TY amoowTEr o
| | 7 1000001 259067519 CEIGMEI  O.MIITMSS amootmer o
For support plezse contsct rods bounsceur@univ-lorraine. fr MEMSI! = AL, 2NN DL i) Ly L B
= 12.50001 2561365655 OSATISEE  O.MZTMMES amootsas o
) 1375001 SIS GEMESENS OISR nbOIEE O
.~ Specification complete v 0K *  Cancel | 5 1500001 S5 BETRAL GETTLMLT  OMEN LHMOIEIE O
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