GEMS-workshop 2010
Tutorial 3
(Process simulations )

EMPAQ

Thomas Matschei (Holcim, CH)

Holcimf?

© Holcim Group Support Ltd 2010

Back to our hands on examples
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Background
Short Recap of the previous session

Project setup

1. Project definition (set chemical and numerical boundaries)
:c:;>‘ I:z. Creation/Definition of subsystems within the project
g E 3. Equilibrium calculation

|: 4. Assessment of data

&
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GEMS - How to get started

2nd “Hands-on” example

Dissolution of gypsum in water
Dissolution of 10g Gypsum in 1l water

Learning objective
Repetition of principle project and system setup in GEMS

Introduction of predefined compositions into the system

T
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Example: Gypsum solubility
1. Project setup

I GEM-Selektor v2.2.0-PSI (Win32)

‘ Geochemical Equilibrium Modelling
by Gibbs Energy Minimization

Computation of Equilibria

Modelli

Thermodynamic Database projects

Please, select one modelling project

‘Examblel GEMS workshop
Exit ‘ Preferences.. ‘

Get Started ‘ About

Il Project: Enter a new record key, pleas 2x]

[Gypsum
[GEMS_Juorkshop

Ok

Iv Retain setup of aqueous (and gas) phases

I Change file configuration of the selected project

| Create a new project using the selected one as template | Remake
MNew projects only:

(& Make & new project by copying records from the dsfault database

Reset
From List

Cancel " Make a new project by linking files from the default databass

E . Help Open Project I Mew Project. I Help Cancel
Holcim
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Example: Gypsum solubility
1. Project setup

Ml Selection of Independent Components into Modelling Pr

t Gypsum 2l

- Select chem

elements (not available if shown in gray color)
Ll 1 1 1] . W Wl Vil Wil
I 1 He
| 2 L Be B c n o F e
3 ha Mg Al si 3 s a Ar
4| x ca Sc Ti v cr. Wn Fe
4a | Cu Zn Ga ce | As Se Br Kr
5 Rb sr ¥ o uw | Mo Te A
5a | Ag cd In sn sh Te i Xe
6§ Cs Ba | Ree || Ta W Re 0s
6a | Au Hg Tl Eb. Bi Po At R
IR B ACT I~ Isotopes
ta | ce | e | ma|lem | sm | e | Ga | w
Ac | th | pa| u | mp| pu|am| cm| Bk | o

Set Fiters B“;:ES ¥ Ga: |7 Aqueous [ Soids [ Solutions [~ Sorption Cancel
Help © Kemel NagiaPSl) " Complem(Slop38) ¢ Organic & Specific Ok

“
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Example: Gypsum solubility
1. Project setup

etup of aqueous and gas phases in project: Gypsum

Select Aqueous Electiohie Model | Seot Gas/Fic Mitue Model |

aix|

lon-association [14) with Davies equation, D (defaul]

& with extended Debye-Hueckel equation (Helgeson), common b_gamma and 20, H

14 with estended Debye Hueckel equation (Karpov], commen b_gamma, individual al, 3

-
-
14 with extended Debye-Hueckel equation [Shvarov). common b_gamma and a0, Y
(o
14 with Debye-Hueckel equation, no b_gamma, individual ad, 2

-~

18 with Debye-Hueckel limiting law [very low ionic stiength). 1

-

Do not generate; select a user-defined Phase record from detabase [, 5.2, U

Do not include aqueous electiolyte phase into the system definition, M

Phase record key:

Parameters for

b_gamma [298.1) value

0.064 A

b_gamma (T P mede

Constant -

Common al value

372 hd

Gamma (newlial speries)

Setto 1.0 -

G (water salvent]

Setto 1.0 A

Malalty carmversion

Applied to ll species ¥

the agqueaus phass model

4
H
tHoIam 7|
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Example: Gypsum solubility
GEM-Selektor v2.3.1-PSI {Windows) =10
Gibbs Energy Minimization
Modelling Project
Single - System Equilibria (SysEq) |
Process Simulation (Process) | B 5vsEq: Please, enter a new key: x|
Data Sampling and Plotting (GtDemo) | Iﬁypsum | ok |
|G
Under Canstruchion
[Gp_solub s
Dual Thermadynamics {DualTh |
0
I From List
Sensitivity Analysis (UnSpace) | [o
Coupling to Fluid Mass Transport [GEM2HT) | i Eancel
|25
Back | Numerical Controls... Help | [0 Help
og (press Ok to use default parameters) x|

e P FElFTE

FEEEFTFI

of of of of of of of of of of of of of

[caloularion of Gypeum solubility at 25degt
[6EMS workshop zo1gf

of of o of o] o @

@ tnote [0,0] @ Extension to the C3D identification field
Hol( o
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Example: Gypsum solubility
2. System creation (recipe)

Phase

Suifaces

Compos  DComp Comp Config

Gypsum:6:6: Close

JT=TE

[caleulation of Gypsmu solubilicy at 25degC

o215 workonep 2010

I of o of o o

[ of of of of o o
AC_CCvp xa

[ [nirmic_coz_rree Ga kg ary air_roz_rre|y B
b [aqua A0 mole H20_ o 1000
[ [catomz W Calcium-hydrexide_L|g [
HES MIN Calciwu-owide 4 g []
[ [casna U Calcium-sulfate_LH_|g [
[+ [crpsun MIN Ca-sulfare-ZH20-1_|g 10
F ez GA_Hydrogen_LI_ o [
f[rzs GA_Hydrogen-sulfid=_H|g [
[ [Hzs0a A0 sulfuric-acid_LH__ g [
E W Fotassiun-oxide_LH_|g [
e [ron AQ_ Potassiun-hydroxidely []
oz G4 Oxygen_LN_ o [
[+ 503 A sulfur-trioxide LM_|g [

xa_[0,0] : Input quantiies or concentrations of PCO contributing to B_ vector

Ciotem

Dissolution of 10g Gypsum in 11 water

GEM-Selektor v2.

Record Data Calc Yiew Print Help
JJ “ EBIE ‘;_IB::‘, @I ? k?”[iypsum[i:ﬁyp_s

Input: System Dahnitiorjprless to check the system daﬁrlntlun and calculate ECC|

s

Exchaeal
Retsn2a

WARNINE!

Mickes of sres rceparclerd conporarts (]
anwrirang inthe calousadd b conpostion
vactos B« Pa 0}

|§'

POGEIBLE ACTIONS

* EXTLLIDE Althuzs ircleparcerd conporari:

* FETAR Al ricting sharsart of ba st
Eorpetion by el @ cul rok unty
skl et ernartz o b vacton

* CHECE. soree rchparcrd c ek
tmratain hars i the aystens oy kg Fikoud-
racks vakas) A ez T, unchackad
|Ccrwz vl b mckeier

Eul Fibat sk

Record Data Calc Yiew Print Help

[« BT MWEE|% S| 7 82| Framsbm i

Input: Swstern Definition I iPress to caloulake the equilibrium stake using GEM IPM‘
T
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Example: Gypsum solubility
3. Equilibrium calculation

Il Converged at DK=0.0001 x| P BEE
PR a Calc view Print Help
GEM IPM Minimization (pure run time: 0.047 5]
B [ ST CTHES 5[ 7 k?”ﬁynsums TP solubi (1 0:1:250
tem Defintion | Fissuls: Equiibrium State |
'species name [c | Tupe | Amount  (mol) | Activty (DualTh] | Concentration | Activity
1002 g aqg. Phase o
. o agen a0 a 55570204
7.14 g solid g ges gen 4 g 0088531022
. 3 B4 s lime 1 i 0
s Portandite 1 s 0
s Anhyclte 1 s 0
1.97681 s Gypsum 1 s 004151073
s hemhychate 1 B 0
Liquid 100288 s sngente 1 s 0
s Sulphu 1 s 0
Salid 704
pH 7.08402
pe 138221
15 00452349
Accept
= 296.15K; P= 1.00bar; ¥= 2.705L; Aqueous: buil-in EDH(S) pH= 7.084; pe= 13.522; 15= 0.045m
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Example: Gypsum solubility
4. Data assessment

EqlC EqPh | EqDC | EgSuf | EdGen |5ypxum;ﬁ:ﬁyp,m|uh:n:n1:25:n|\2n/ns/2mn,1312| ;

[calculation of Gypsum solubility at 25deqt
[cEnS workshop 2010

IChau b b u lgu t m ICnau
Ca 0.058081048 | 2.7631022e-012 -290.5373 -1.7809284 0.016560431 |Ca
iz 111.24907 | 9.41818685:-012 || -47.447306 -6.5078431 3.1056813e-007 [H
[E le-008 | 1.8742124e-012 | -163.73281 -8.0003408 9.9921601e-009 K
it 0.10947544 | 1.3877766:-017 |-0.11708582 -2.9881022 0.0010277744 [Nic
) 55.886024 | 1.4527157e-011 |-0.78325145 -1.1752833 0.066790802 |0
& 0.058081048 | 3.1975533e-012 || -240.17326 -1.7809284 0.0Ll6560431 |5
2z 0] 4 Di‘
EqiC EqPh  EqDC | EqSut | EqGen |Eypsum:E:Eyp_snluh:l]:l]:1:25:ﬂ:‘ |2nfns/2mn,m-m\ Close |
[calculation of Gypsum solubility at 25deqC
[GEMS warkshop 2010
PHnam Ha Fa phvol phi
ES ag_gen 55.570208 ||-2. 4947178e-008 |1003. 5338 100Z. 8765
g gaz_gen 0.068531023 [-2. 3090655e-005 [1696. 6643 [ 1. 975808
E lime o -1 ) a
s Portlandite o -1 0 a
= Anhydrite o -0.40225306 0 a
s Gypsm 0.04150965 | 6. 1164175e-006 [3. 1003557 [7. 1466493
> hewihydrate [] -0.89756526 0 o
= syngenite [i] -1 [i] i}
= Sulphur 0 -1 0 a
cim 11
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1 (Windows) 1o
Gibbs Energy Minimization
Modelling Project
Single - System £
S ktor v2.3.1-PSI (Windows) P [ 53
Process SimL |
Geochemical Equilibrium Mod [ [raRTa e e e R a (e | —of x|
Data Sampling an . P
I by Gibbs Energy Minimizat
Under Constuctio: Thermodynamic Database
Dual Thermody Computation of Equilibri Management
Si Ar
S i Independent Components (IComp)
Coupling ta Fiid Thermodynamic Databas
Dependent Components {DCamp)
Back Numerici
—————
Exit Preferences...| Get Started Dependent Components {ReacDC)

TiF Tabulations and Plots (RTparm)

Thermodynamic Phases (Phase)

Predefined Compositions {Compos)

N Back Other Data |

b
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Example: Gypsum solubility
Addition of Potassium sulfate (K ,SO,)

Ml Compos : Predefined composition@ilil lll Compos: Insert a new record ke, p 2ix
Record RecordList Database Files Help
I = [fzs0e ‘ D I
T
TOET IO
I faSO4:MIN [ T T 2 | W GeM-Selektor Compos Setup: K250-6MIN:Potassium Sulfate 1M 2lx
" .
Display  Fo NS Step 1 FLD corfiguration
Remale...
_ Col - - - . "
Calculate F3 2 ) )8 pic ase, mark 1Comp keys far PCO definition
Save —: Th Filter:
B2 (50 ;:nn fa e Calcium_
Delete | oo L b Hydrogen_
Flot = 2
rc
Print... "
Close Chrl+F4 '

) Electc_charge_
1) : _
4.) Define components

: ‘ n Ok I Filter. Select Al Clear Al Cancel
EMPA’ © Holcim Group Support Ltd 2010

Example: Gypsum solubility
Addition of Potassium sulfate (K ,SO,)

Iculation finished OK {elapsed time: 0 5). | m] 5[
Record Record List Database Fil

L <HEIp
IR (TR

| Page1 Page2 |ﬂ |[K2SD4:MIN:Potassium Sulfate_1M_: [20/06/2010, 14:20 Close

e

|P otassium Sulfate 1M

& I Compos :: Calculation finished OK (elapsed time: 0.015 s). o [w] (|

I 1 Record RecordList Database Files

&,
I T [« -’*EBIX [ é'l:‘fl,.‘,;ﬁ @‘
\ A
Pags1  Page2 | _F | [K2S0%|Calllate racord datafate_TM_;| [20/06/2010. 14:22 Close:

1.) Enter stoichiometry =it

Niolar weight No of atoms
[ o.174z61 | o [ 0 a o 7 1
2.) calculate Q D
PCO Eymlc CI
2 LS 2
3.) save Y O [ 3
105 11 1

Ciolcim .
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Example: Gypsum solubility
Addition of Potassium sulfate (K

250,)

=10l x|

[ GEM-Selektor v2.3.1-PSI (Windows)

Geochemical Equilibrium Modelling
by Gibbs Energy Minimization

M-Selektor v2.3.1-PSI (Windows)

Thermodynamic Database

[ Computation of Equilibria

Management

Thermodynamic Database

Independent Components {(I[Comp)

Dependent Components (DComp)

Dependent Components (ReacDC) |

Exit Preferences...| Get Started About
TiP Tabulations and Plots (RTparm)
Thermodynamic Phases (Phase)
Predefined Compositions {Compos)
l Back Other Data | Help |
Holcim 15 |
© Holcim Group Support Ltd 2010
EMPAQ pwe
Example: Gypsum solubility
Addition of Potassium sulfate (K ,SO,)
T —C— s
Fleate. oot o sccdolg ot
Dwtabase N3 worim
cxaaplel GEME workabem
cunmpicd GEHS_wocusiep
enmple) _Ll:ls_-nlune
T m—— x|
@ KZ504 MIM Potassium Sulfate_1M_ record inserted. Continue?
3
Yes For Al | Cancel |
P el s el gar] phases T sty Pt eai] |
T Dharsge e coniape o of o soleted oyt Fon-caicuiate ared suwn o sl fiek of g
I ottt i ane gt | | PAM St mate
g ety iy
L st
= by bna et
[ oomboea | bemboea | ot [ |
-~ - ~
Holcim 16
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Example: Gypsum solubility
Addition of Potassium sulfate (K ,SO,)

Ml GEM-Selektor v2.3.1-PSI {Windows) =] 3] Ml GEM-Selektor v2.3.1-PSI (Windows) : Single Thermodynamic Systemn
. L . | Record Data Calc View Print Help
Gibbs Energy Minimization | > | ﬂ E o ‘i-la‘ & N

Modelling Project \_{Biepty esisting systems | |records) and Inad ane of them]
Inpul SysTen Definmarn | Hesulis| i SEate |
Single - Systern Equilibria (SysEq)

§_ 21X

M 5ysEq: Existing 5D and equilibria records i~

Process Simulation (Process) |

Data Sampling and Plotting (GtDemao) |

Under Corstruction:

Dual Thermodynamics (DualTh) |

Sensitivity Analysis (UnSpace) |

Coupling to Fluid Mass Transport [GEMZMT) |

Back | Numerical Controls...

Ok Filte, Cancel

t\I-Iolcim 17 |
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Example: Gypsum solubility
Addition of Potassium sulfate (K ,SO,)

Il GEM-5Selektor ¥2.3.1-PSI {Windows) : Single Thermo: [Microsoft PowerPoint - [4 tutorialprocess_matscheiz010_1.ppt]

" Record Data Cale View Print Help

i 5vstem :: Gypsum:G:Gyp_solub:p:0:1:25:0: S (=1
] = =g ,4 Compos DCamp | Phese | 1Camp | Sufaces | Corfia Gypsum:G:G_Close
Je-EBOHWIERE 7K

! [Falculation of Gypoun solubility at 25degt

Input: System Def‘Press ta set up bulk chemical composition (1 1 |5El‘lS workshop 2010

T T T [ of of of of 1oiz] 167.361
[ of o of of o 0

AC_CCvp xa_
[+ [aiztit C02 free GA lig dry air CO2 fre|y B
. [+ [aqua A0 1 mole HZO_ o 1000
K,SO, successfully inserted o merom moo, g
+ can MIN Calciun-oxide 1M |g 0
(needed fOr neXt example) + [casoa BTN Calciuu-sulfate LN_|g [
[+ [Gepoum MIN Ca-sulfate-zH20-1N_|g 10
[z GA Hydrogen 1M_ o 0
+ [nezs GA Hydrogen-sulfide 1M |y 0
+ [azsoa A0 Sulfuric-acid 1M |g 0
k20 MIN Potassiumoxide 1N |5 0
k2304 MIN Fotassium Sulfate 1|g q
‘«Hﬁ 30 Fotassium-hydroxide |g ]
+ oz GA Oxygen LM_ B o
+ [s03 Gh  Sulfur-crioxide 1M |y [

trame [0,0] : Comment line For Full identFication of this CSD y
Holci

olcim 18
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GEMS-workshop 2010
Tutorial 3
(Process simulations )

EMPAQ

Thomas Matschei (Holcim, CH)

Holcimf?

© Holcim Group Support Ltd 2010

GEMS - Process simulations

Learning objective

How to setup more complex process (batch) calculations
where stepwise changes of the initial system definition
within one project occur

Ways how to (initially) modify/fit thermodynamic data based
on solubility datasets

t\I-Iolcim

EMPA’ © Holcim Group Support Ltd 2010
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Process simulations
Background and short introduction

simulation of stepwise processes, e.g. dissolution, incremental
addition, mixing, titration

especially useful if a regular change of the bulk composition
occurs in the process

simulation of incremental temperature changes

Parental system (contains initial
setup of the system to be modified)

odification of parental systel

‘ Subsystem 2 ‘ ‘ Subsystem i ‘
I
guilibrial ’ Equilibria 2 ‘ ’ Equilibria_i ‘
t\I-Iolcim 21 |

Strucmre-wf-gmcesrsh-nulatu.
© Holcim Group Support Ltd 2010

EMPA
Process simulations
Background and short introduction
GEMS uses a built in math script interpreter to execute process
simulations and other functions (similar as the development of macros
in Excel)
1y [ R e
GEM-Selektor version 2-PSI =
Mathematical Soript Interprater Manual
1. Introduction - Wy Math Scripts?
t\ . a desription of the math script interpreter and used expressions can be
Holcim found in the related GEMS_help_file 22 |

EMPA’ © Holcim Group Support Ltd 2010
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Process simulations

3rd example - recalculation of literature experiment

Solubility behaviour of gypsum/portlandite mixtures at
increasing K ,SO, additions at 25C

Available online at www.sciencedirect.com

Cement and
screncs @oinzer- Concrete
ELSEVIER Cement and Concrete Research 36 (2006) 358 — 363 R esearc h

Influence of sulfate solution concentration on the formation of gypsum
in sulfate resistance test specimen

Frank Bellmann®, Bernd Méser, Jochen Stark

Institute for Building Matevials Science, Bauhaus-Untversity Wetmar, Coudvaystrasse 11, 99423 Wetmay, Germany
Received 25 January 2004; accepted 3 April 2005

EMPA’ © Holcim Group Support Ltd 2010
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Process simulations
3rd example - recalculation of literature experiment

Description of analytical problem

Initially 3g of Portlandite equilibrated with 40g H,O at 25C

Increasing amounts of K,SO, added to the system and equilibrated

We want to assess the consequences of increasing K,SO, additions on
the solubility of portlandite, gypsum and syngenite

Related phase changes: a) changes in the aqueous phase composition
b) mass balance changes
¢) volume changes

24

12



Process simulations
3rd example - recalculation of literature experiment

Description of analytical problem

Addition of increasing amounts of K,SO, to portlandite containing solution

’ Parental system (3g Ca(OH), in 40g H,0 ) ‘

Mf ;‘(arental systel

Subsystem 1 Subsystem 2 Subsystem i
0.1g K,SO, 0.2g K,SO, ... | ngK,SO,

Equilibria 1 Equilibria 2 Equilibria_i

& .

EMPA’ © Holcim Group Support Ltd 2010

Process simulations
3rd example - recalculation of literature experiment

Experimental observations in agreement with
thermodynamic modelling

35000 7 AsTM € 1012
30000 4 Koch & 5t 4
solution supersaturated solution supersaturated
25000 with respect to gypsum with respect to syngenite
E 20000 /
':3' 15000 - Wittekindt
10000 4
solution undersaturated
5000 4
o . T — T T
12,4 12,5 12,6 12,7 12,8 12,9 13,0 131
pH
Gypsum is destabilised at high K,SO, additions and
t\ syngenite forms instead .

EMPA’ © Holcim Group Support Ltd 2010
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Process simulations
1.) Definition of parent system

Ml GEM-Selektor ¥2.3.1-PSI (Windows) : Single Thermodynamic Systen

Record Data Calc Wiew Print Help

e+ A BOSBIE a7 R e

[isplay existing systems (SysEq records) and load one of them|
Input: SpsTerm Defrmon | HEsults: Equilbnum State |

new system based on example 2

&

27
EMPA’ © Holcim Group Support Ltd 2010
Process simulations
1.) Definition of parent system  — equilibrium calculation

System : GyD_ Gyng:G:ayp. parent:0:0:1:25:0; [0/ d Q™ GEM-Selektor v2.3.1-PSI {Windows) : Single Thermodynamic Systemin

Compos DComp | Phase | 1Comp | Sufaces | Corfig Gyp_ Sy Close | Record Data calc view Print Help
” - - l'@[ U:’[@% 5[ 7 ?Hﬁypsumﬁﬁyp,mm
[Falculation of Gypsun solubility at 25deqt = E - L= K
[6EMS workshop 2010 Input: Systm Defirition I [Fress ta calculate the equillbriom state using GEM IPH]
-

[ o[ o[ o[ o] oos[ somea lim convergec e k=00 218
| o | of o] of 0 1 GEM IPM Minimization (pure run time: 0 s).
AC_CCwp %pm

[+ Jairmic_coz_free 6A lkg_dry air_CO2_frey 2 System

H+ |aqua AQ 1 wole H20_ g 40 Gyp_Syng G:Gyp_parent0:0:1:25.0)

= Jcatome MIN Calciuw-hydroxide Ly [

[+ |Cal MIN Calcium-oxide 1M 5} 3 Iter 37 aT

» [casoa MIN Calcium-sulfate_1M_|y [

* |G¥poun NIN Ca-sulfate-ZH20-1M |g o Gias 1.99309

E f sen_ 11 o [

E en-sulfide 1M |g [} s el

* ic-acid 1M g o Solid 39042

E vn-oxide_ 1M |y []

= un Sulfate Lo [1] pH 124771

E vn-hydroxide [y []

Eo ; = m 5 pe 812991

B %!"Sg Ca(OH)Z ~trioxide_lM_|g [ B —
xa_[3,0] : Input quantities or concentrations of PCO contributing ko B_ veckar 4 Accept 28

Save results to Database

EMPA’ © Holcim Group Support Ltd 2010
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Process simulations
1.) Definition of parent system - equilibrium calculation

Il GEM-5elektor v2.3.1-PSI (Windows) : Single Thermodynamic System in Project Gyp_Syng =10/ x
Record Data Calc View Print Help

| o+ P RS MIZ[ % &) 7 W Frombonpeenonizso

Press ko explore detailed GEM IPM results
Input: System Definition \ Results: Equilbrium State

Phase/species name |L [ Type | Amount » (mol) | Activity DualTh) | Concentration Activity
2 Equilibriam
s en 5 B 5687125
o gas_gen 4 o 0063284011
s lime 1 s 0
s Patlandie 1 s 0052633491
s Anhyeits 1 s 0
s Gypsum 1 s 0
hemihydrate 1 s 0
syngenite 1 s 0
Sulphur 1 s 0
Al | |

E Holcim System: T= 298.15K; P= 1.00barj V= 1.7591; Aqueous: buil-in EDH(S); pH = 12,477; pe= 8.130; I5= 0.053m
EMPA’ © Holcim Group Support Ltd 2010
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Process simulations
2.) Setup of process simulation

Project (file: Gyp_Syng) ParentSys (file: Gyp_parent)

I GER Selekior vZ.2.0-751 (Win3z)

Ml Process :: Definition of a Process Simulator (B

‘ Gibbs Energy Minimization Record Help
odeling Project .
A=
Single - Systern Equilbia [Sy:Eq] | i) Page 3 ﬂ example:
Displsy  F6
Pracess Simuation [Pracess| —
Remake.
Calculate F9
Save
e TC iy iTaw  ip!
Save As...
Dual Themedymamics {ualThy 25 [} 0
Delete 25 o 0
Sansitraly Ambyss UnSpacs] Plat [} 0 a
Coughg b FRafh s Thanioed [GENZHT| Prink...
B Close Ciri+F4
Hack | el Comrals.. Heip |

8| M 5 sEq: Please, select a parent System foranewProcess 2]
Selection of parent sysi@Big-=~==~

Lyp_Syng T Lyp_Solub o U I B T Parental system (3 Ca(OH), in 40g H,0)

Subsystem1 Subsystem2 Sul m i
0.1gK,S0, 0.20K,S0, ngK,SO,

E . v |
Holcim B ] [mer ] [cama?
EMPA’ © Holcim Group Support Ltd 2010




Process simulations
2.) Setup of process simulation

Project (file: Gyp_Syng) ParentSys (file: Gyp_parent) Process (file: solubility)

Proce:! lease, enter a new record x|

[Gyn_Syng 4_|_9k_|— project name
e

e

EMPA’ © Holcim Group Support Ltd 2010

There are three maijor kinds of process simulators: (1) Sequential, where only input GEM parameters are

cancentiations] sbtained from previous step: (3) Inverse, where GEM inpLt parameters must be autcraticaly
adiusted 1o obtain prescribed value of GEM output parameter

@ 5 Diect [sequential] change of bulk compostion and?or constrsints (defaut)

G Batchinverse tiration sequence [for incremented pH values etc )

€T One arbitary inverse tiration caiculation [defined in Process scrpt]

R Simple reactor scheme (reciprocal, uses phase bulk compasiions at equibrium)

" P Sequential temperature and/or pressure change at fixed bulk composition

Help <Back (

Is et thermodynamic potential to minimise
Gyp_parent ‘éli . !
IU File parent system Don't
I From List Change
Jo
I %— pressure
3 temperature
Help
Jo :l
solubiity . . ) .
& +«—— File name of process simulation user input
|- ) '
Simulation type
Simulation type: @ 5 Direct [sequential] change of bulk compasition and/or constraints (default)
" G Batchinverse tiralion sequence [for incremented pH values etc.)
T One aritrany inverse litation calculation [defined in Process seript)
t\ R Simple reactor scheme (reciprocal, uses phase bulk compositions at squiibrium)
‘ 11 € P Sequenlial temperalure and/or pressure change at fired buk composition 31
EMPA’ © Holcim Group Supporrrazoro:
Process simulations
2.) Setup of process simulation
Project (file: Gyp_Syng) ParentSys (file: Gyp_parent) Process (file: solubility)
Step 1 - Process Simulator configuration
e el e o hoice of Simulation type:
s mixing. dissolution, tiration, corrosion, of weathering
The Process Simulatar can be corligured ta peifom in the mast converient nay. To tel it what input data to h the case of incremental K2S04
madify and what output data to sample and piot, you map have to type two scipts that contiol generation of the . .
simulated points (P_exprl and data samping (poE #pr). respectively. dd|t|0n we d”—ectly change the bulk

modifed; step depends output parametes (e.g. pH ompositi on

Sequemial change of bulk composition

16



Process simulations
2.) Setup of process simulation — Numerical settings

Project (file: Gyp_Syng) ParentSys (file: Gyp_parent) Process (file: solubility)

EM-Selektor Process Setuy 2|

Step 2 - Impartant dimensions

In spin-bowes below, at least the first ane (nPY) must be carefully chosen. nPY defines how many steps of process simulation
will be performed, as well as it sets number of rows in several data arays. Set also number of experimental paints (rows in €,
YE] if you wish to perferm graphical fitting

3 a: umber of columns (olots) in the »Ep. yEo amaps for olotting expermental data
ptional entries of experimental data
possible to compare with calculations

The onptional data vectors (ot fength n, can be allocated below) corespond ko process terators and can be used n
process seripts (with J index] to accumulate respective values for all process steps performed.

Allocation of optional deta

[~ CSD vaiiant I~ vohmeV, | I~ pressuie P, bar
[~ Temperatuie T.C [~ Constraints & NV I~ piocess extent Nu
I~ piocess extent g I~ kinefic parameters win I~ time Tau

E ‘ p Help < Back Hext > Cancel
Il

EMPA’ © Holcim Group Support Ltd 2010

Process simulations
2.) Setup of process simulation — additional setting

S

Project (file: Gyp_Syng) ParentSys (file: Gyp_parent) Process (file: solubility)

lektor Process Setup: Gyj 21|

Step 3 - Addiional ssitings

O this page, some modes of eperalion can be changed in rare specifi: cases).

Dptional modes of operation

T save the ‘équmbna\of
“independenty

each step

I~ Use Smart Initial Appresimation of GEMIPM2 for faster calculations

™ Use stepwise mode of process simulation [for debugging puipeses]

The process math script must be used in most cases except ivial ones [for instance, i temperalure is changed using an
iterator, but the bulk, composiion of the system remains constant. The script must be typed into P_exp fiskd before attempting
to run the process simulation

Saving process-generated SpsEqrecords wil increase size of project database. Lse it anlyif you plan to extract mere: deta
fiom generated spstems £, using GiDema samplers. Note that this flag has no sffect on reciprocal and inverse tiration
sequences, where optimized SysEq records will be ahways saved.

Other thiez flags should be changed by advanced users only.

E ‘ im Help cgak ([ wews ) Cancel

EMPA’ © Holcim Group Support Ltd 2010
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Process simulations
2.) Setup of process simulation — additional setting

Project (file: Gyp_Syng) ParentSys (file: Gyp_parent) Process (file: solubility)

Ml GEM-Selektor Process Setup: Gyp_Syng:G:Gyp_parent:0:0:1:25:0:s0lub:S: 21x

Step 4 - Useful hints

m—
[ 2| Sethere the number of links to SDref bibliagraphy recards (default 0)

What willhappen after you click ' Finish”
(1) The necessary anays willbe allacated and Page 1 of the Proces madule window will ppea.

(2) I this vindowy, you will have to set up the necessan iterators - three-cell calumns that specify the start value, the
end value, and the increment of certain cortrol parameters. Fram an fterator with zra increment, anly the first value wil
be used The first 5 terators are used for generation of nev SysEq record keys, thus, 2t least one of them must have @
non-zera incremen.

(3) Enter the hl simuiator name inta the PEname fiskd and (optionall) a comment inta the PEnote line. If process o
sampler soiipts will be used then type the scripts on Pages T and 2, respectively. Lse template scripts accessible
thiotgh "Help" "Seripts' menu cammand.

(4] Click. on the "Calculate" toolbar button to stait process simulation fin the case of messages about erors in sciipls,
fis them and try caloulation again). During the fist caloulation. do nat usz the raphic window. After the simulation has
finished, you can see the sampled resuis on the Graph page. Type in the axis and plot names, and cLick on the *Plat
data" buitan to see customizable graphs.

(1)1 you wish to plt some expermental values of one of caloulated and sampled data, then close the araph didog,
find o the "Graph’” page anays xEp and yEp. 2nd type the empiical data in there. When ready, open the plot again
and custormie it

Help < Back Finish Cancel
EMPA’ © Holcim Group Support Ltd 2010
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Process simulations
2.) Setup of process simulation — Definition of inpu
Project (file: Gyp_Syng) ParentSys (file: Gyp_parent) Process (file: solubility)

Il Process :: Definition of a p IR

EMPA’ © Holcim Group Support Ltd 2010

Ml Process = Calculation finished OK {elapsed time: 0.656 s). (=[5
Record Help
Record Help
b ¥ 2B x| W
Pagel Page2
hed g | Pae1  Pagez | Grapn | Pagez | F| [Gyr_Syno:G:Gyp_parent:0:0:1:25:0:s0lubility:5: [20/06/2m0, 1633 Close
Gypsun/syngenite solu e
l— [Gypsum/ayngenite solubility as function of pH
— =
i pressure—temperature
iTw ——\
i TC v iTau  ipXi  iflu ipH ipe
1000
25 o[ o [ 0 [ o start value
1300
= 5] I o 0 Arzrgvtt Zend value
) — 0 o E Y step size
$modC[d] K2504 to he added 0~
xa_[{K2504}] =: modC[d]; 0.1
§end 0
0.3
Definition of K2SO4 addition 0.4
0.5
xa_[{K2S04}] =: modC[J]; 5
0.7 o
0.8
0.9
1
1.1
1.2 ;I
PeName [0,0] : Comment line For the Full name of this Process Simulator definition y 36

18



System :

Process simulations

2.) Setup of process simulation — Definition of inpu t data

Project (file: Gyp_Syng) ParentSys (file: Gyp_parent) Process (file: solubility)

translation  “change the amount of K ,SO, with every step as

: modC[J]; defined in column 0"

Gyp_Synt

xa_[3,0] : Input quantities or concentrations of PCO cantributing to B_ vector

Pehlame [0,0] : Comment ling for the Full name of this Process Simulator definiton

— (O] x|
Compos  DEemp
[Felcularion of Gypoum =alMRNLITY ok 25deqr
[6EmM workshop z01n Page1  Page2 X 1:; ili : zu/us/zmu,ﬁ.ua\ Close:
[ o o o \V| 0.045 | 6.50864 [Fymsun,symgenite solubilicy wessunction of pH -
[ of aof af of =
_Cevp va iTa iV iP iTC iy iTau  ipXi 1 ipH ipe ROW[J]
1000 0 1 28 [ [] 0 0 0 0
[+ [Airnit CO2_free GA lky_dry air COZ\FAe o 2
vy TR W\ — [130 0 1 25 [ [] 0 0 0 0
a nole
5 — — — o 10 o o o o o o o 0 0 KZSO4
+ [ca(on)z HIN Caloiun-hydroxide \1\g 0
[+ [can UIN Calcium-oxide 1M 3 )
- — §umodC[J] K2304 to be added 0.4
Casnd UIN Calciun-sulfate 1M [ = 5T
v [Gypoun UIN Ca-sulfate-2H20-1H_ 0 |send 2
+ [Hz Gh Hydrogen 11 M 0 T
+ [Hzs Gh Hydrogen-sulfide M|y 0 0.3
HEED A0 Sulfuric-acid 1M g [\ 0 0.5
[+ [ran IN Potassium-oxide 1M_|g | © 0 0.6
HEED WIN Potassium Sulfate Ulg ) 0.7 1
+ [rom A0 Potassium-hydroxide [y 0 0.8
+ [0z Gh Owygen LN f 0 0.8
+ [s03 Gh Sulfur-trioxide 1M |g 0 T
L.l
1.2/ =

EMPA’ © Holcim Group Support Ltd 2010
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Process simulations
2.) Setup of process simulation — Def. of output dat  a

Project (file: Gyp_Syng) ParentSys (file: Gyp_parent) Process (file: solubility)

Record Help

JerxeBlx RIS ?
| Panel [ Pagez Giph | Pane3 | F | [Gyp SynaiGiyn parent:0:0:1:25:0:solubility:5: | [20/06/2010, 1533 Close

welt [Tooo| 31| Mexe [ o) 1 0 [ s =0 ]

|Gyp_Styma: G: Gyp_parent:0:0: 1:25:0:

oTw [ 1300 oWV 0 ek | 1 eT [ 298.15 25

¥ | 0 cTau | 0 CcpXi | i) CX1 1

cliu | cpH |

xp[J] =: pH:

T
u_t{Ca}*¥w/55. 506373 /phM[0]+1000*%1000;
¥p[TI[1] = m_t{K}*¥w/55.508373/phM[0]+1000+1000;
¥p[T][2] = m_t{S)*¥w/55.508373/phM[0]+1000+1000;
YPITI[3] =: wy!{0H-}#¥Xw/55.505373/phi[0]+*1000%1000;
§ End

yp[II00] =:

19



Process simulations

2.) Setup of process simulation — Def. of output dat

e

a
Project (file: Gyp_Syng) ParentSys (file: Gyp_parent) Process (file: solubility)
translation
@ “print the molality of Ca at each step in column 0”
Array ~ Column
yp [J1[0]
Ca
Optional
Volume
yp[][O] =: phVol[{----};
Mass
¥ ypuio) =: phmfi--3;
Holcim 39
EMPA’ © Holcim Group Support Ltd 2010
Process simulations
.) Calculation - Results
O Press to
calculate
oH Total concentration of each element [mmol/l]
( exp values

Bellmann et al

Graphical output

olcim

EMPA’ © Holcim Group Support Ltd 2010
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Process simulations
E.) Calculation — Graphical output

Project (file: Gyp_Syng) ParentSys (file: Gyp_parent) Process (file: solubility)

Graphical output - setup

olcim a1
© Holcim Group Support Ltd 2010
Process simulations
3.) Calculation — numerical data treatment
Project (file: Gyp_Syng) ParentSys (file: Gyp_parent) Process (file: solubility)
Possibility of simple copy and paste of
the data into other programs e,g. Excel
t\I-Iolcim K / 42

© Holcim Group Support Ltd 2010
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olcim

Process simulations
.) Data assessment

Project (file: Gyp_Syng) ParentSys (file: Gyp_parent) Process (file: solubility)

Why do we get the deviation from experimental data?

© Holcim Group Support Ltd 2010

Process simulations
Ll.) Data assessment — individual equilibria

a record of the equilibrium phase
O assemblage at each step is

] automatically saved

e

olcim

Open sys 1200

Possibility to analyse each data point separately

44

© Holcim Group Support Ltd 2010
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Process simulations
Ll.) Data assessment — individual equilibria

System Nr 1200 (2g K2S04 entered )

olcim

Invariant point:

Ca(OH)2-Gypsum-
syngenite

© Holcim Group Support Ltd 2010

e

olcim

Process simulations
4.) Data assessment — individual equilibria

System Nr 1200 (2g K2SO4 entered )

Q
O

""“l““ﬁ Activities:
lg{Ca+2} = -2.943
lg{SO4-2} = -1.625
Ig{OH-} = -1.1285
Lg{K+} = -0.500
—J

© Holcim Group Support Ltd 2010
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Process simulations
4.) Data assessment — Thermodynamic data

Reaction Bellmann ea | Cemdata07.2 DlogK | DGJ/mol
Log K = -2.943+
_ 2%(-1.1285)
LogK =-5.20 - 520 0 0
Log K=
_ -2.943+(-1.625)
LogK=-4.52 | ~ 457 0.05 274
Log K=2*(-0.5)+
_ (-2.943)+2%(- | ]
LogK =-7.57 | {coc ~ 719 |0-38 |-2169
Activities (eq. CH-gypsum-syng): Conversion logk  J/mol
lg{Ca+2} = -2.943
Ig{S04-2} = -1.625 - G = RTIn(K)
Ig{OH-} = -1.1285
t\ lcim Lg{K+} = -0.500 "‘2.303RT(|OQ(K)) . ‘

© Holcim Group Support Ltd 2010

Process simulations
4.) Modification of thermodynamic data

© Holcim Group Support Ltd 2010
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T

olcim

Process simulations
4.) Modification of thermodynamic data

© Holcim Group Support Ltd 2010

e

olcim

Process simulations
4.) Modification of thermodynamic data

© Holcim Group Support Ltd 2010
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olcim

Process simulations

4.) Modification of thermodynamic data

© Holcim Group Support Ltd 2010

e

olcim

Process simulations

4.) Modification of thermodynamic data

L]

© Holcim Group Support Ltd 2010
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olcim

Process simulations
4.) Modification of thermodynamic data

)

© Holcim Group Support Ltd 2010

e

olcim

Process simulations
4.) Modification of thermodynamic data

O

modification of free energy data to have similar values
for log(Ksp) as in Bellmann ea.

Gypsum DG, + 274 J/mol

Syngenite DG, -2169 J/mol

© Holcim Group Support Ltd 2010
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Process simulations
4.) Modification of thermodynamic data

Check of consequences of change of DG,

55

© Holcim Group Support Ltd 2010

T

Process simulations
4.) Modification of thermodynamic data

Check of consequences of change of DGO

Critical assessment of thermodynamic dataset is crucial

Before modification After modification

All calculations are as good as their database behind!

But stay away from uncoordinated changes of
thermodynamic data. 56

© Holcim Group Support Ltd 2010
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Process simulations
Other options with the Process simulator

Plot of mass balance changes

Function for Mass:
yp[J][0] =: phM[{phase}];

T

olcim

© Holcim Group Support Ltd 2010

Process simulations
Other options with the Process simulator

Plot of mass balance changes

e

olcim

© Holcim Group Support Ltd 2010
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Process simulations
Other options with the Process simulator

Plot of specific volume changes

Function for Volume:
yp[J][0] =: phVol[{phase}];

T

olcim

© Holcim Group Support Ltd 2010

Process simulations
Other options with the Process simulator

Plot of specific volume changes

e

olcim

© Holcim Group Support Ltd 2010
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Process simulations

Summary

The GEMS Process simulator is a powerful toll to perform batch
calculations, e.g. dissolution, incremental addition, mixing, titration

It is especially useful if a regular change of the bulk composition
occurs in the process

The inbuilt math script interpreter allows for sufficient flexibility for
data input and output

Parental system (contains initial
setup of the system to be modified)

odification of parental systel

Subsystem 1 ‘ Subsystem 2 ‘ ‘ Subsystem i ‘
Equilibria 1 |Eaulibiaz | [Equiibia i |
Structure of process simulator 61

© Holcim Group Support Ltd 2010
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