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Simple modelling approach

Loser ea 2010, CCC 32
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Fig. 10. Predicted valume of the phases in the PC paste upen exposure to increzsing amounts of Nacl solution {left) or seawater (vight) in [em®/100 g cement].
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Learning goals

GEMS-skills:

» Building a SysEq file from scratch

» Editing a Proces file

* Insert predefined compositions (OPC)

@ NTNU Norwegian University of Science and Technology ° Empa i

Content

Example: calculate the phase changes in PC paste
exposed to NaCl solution

1. Create Single System — SysEq ©
2. Make predefined composition of PC
3. Make Process

Task: calculate the phase changes in PC paste exposed to
sea water
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Content

Example: calculate the phase changes in PC paste
exposed to NaCl solution

1. Create Single System — SysEq ©
2. Make predefined composition of PC
3. Make Process

Task: calculate the phase changes in PC paste exposed to
sea water
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B Modelling Projects b'e

GEM-Selektor modelling projects: Select ene to open, or click 'New Project..’ to create
AluSiOMSA MUSICAluminaSilica -
AragCslc Aragonite-Calcite
BermanMS5 TestsMultiSiteSolidSolutions
modelling-2

_scluticns f
CalDolColZGEM2ZMT-test Create a neW Ile
CalcDole GEMS3K-test-example

CarkbsSea CarbonatesAndSeawater j

Re-calculate and il equilibria (SysE:
v Retain setup of agueous (and gas/fluid) phase: calculate and save all equilibria (SysEq) using

™ GEMstest export ¥ without

ation

™ change file configuration of the selected proje
" Recalculate alleqy ™ D

[™ Activate Praoject Remake wizard Use a mede of GEM initial approximation (gu

5 1= i st [ -
™ Create a new project using the selected one as Y Aomaticeo kL Smartwamstart [

~Make a new project:

@ by copying records from default da‘tahase by linking files from the default database

Open Project |ﬂew Project | Learn mure] Cancel
L

I8 Project: Enter a new record key, please

l NaCl_sea:My1stProject: e
| NaCl_sea Name of the madeling project
—

[course] Comment to the project definition

| Ok I Reset ] Erom List] Help Cancel

@ NTNU Norwegian University of Science and Technology . i el
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{8 Basis configuration of a new Modelling Praject NaCl_sea x

18-12.w0.1

(v psi-nagra
- [] supcrt

#-[] support
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{8 Basis configuration of a new Modelling Project NaCl_sea *
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Choose the elements you will have in your system
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ﬂ Setup of aqueous and gas phases in project: MaCl sea

Select Aqueous Electrolyte Model | Select Gas/Fluid Mixture Model

lon-association {14) with Davies equation, D (default)

1A with extended Debye-Hueckel equation (Helgeson), commen b_gamma and a0, H |

C

5

" 1A with extended Debye-Hueckel equation (Shvarov), commaon b_gamma and a0, ¥
1A with extended Debye-Hueckel equation {Karpov), common b_gamma, individual 20, 3
«

1A with Debye-Hueckel equation, ne b_gamma, individual a0, 2

1A with Debye-Hueckel limiting law (very low ionic strength), 1

" Do not generate; select a user-defined Phase record from database (Q, S, Z), U

" Do not include aguecus electrolyte phase into the system definition, N

Parameters for
the agueous phase model

b_gamma(1,298) value: a

I

0.064

b_gamma(P,T) mode

I

Nacl

Common a0 value:

I

3.72

Gamma (neutral species)

| Calculate as b_gamme 'l

Phase record key: |a AQELIA ag_gen ag EDH_H

Gamma {water solvent)

From osmotic coeffici =

Molality conversion

Applied to all species =

o ] conen __Check |

Learn more

®@ NTNU Norwegian University of Science and Technology
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:I; SysEq: Please, enter a new record key:

| MaCl_sea:G:MaCl-PC0:0:1:20:0:

Name your single file

Temperature

Temperature, C (== 10)

Thermodynamic potential to minimize {G GV}
Narme of the chemical system definition (CSD)
CSD {recipe) variant number <integer>

Violume of the system, dm3 (0 if no volume constraint)

Pressure, bar, or 0 for Psat(H20)g

Variant number for additional constraints

Ok Reset | From List i

Help | LCancel

®@ NTNU Norwegian University of Science and Technology
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m Input Recipe of Single Thermodynamic System: MaCl_sea:G:MNaCl-PC:0:0:1:20:0:

Title: |Please, enter here a title explaining what this chemical system is

Comment: |Please, enter here a comment about the purpose of this system definition

Property
Compos {xa_) I
DComp (xd )
IComp (bi2)
Phase (xp_)
Kinlower (dll_)
Kin.upper (dul )
G0 shift (gEx )
Other Inputs

—

i Selection Recipe Input
Nacl Property MName Quantity Units
NaClo4 1|xa_ Aqua 50 g
—ed 2|xa_ Nacl 0,001 M
02
= 3|am o2 01 ]
s03 4|xa_ PC 80 g =
SwasaltSimp .
Sioz2
We make a dummy system;
we will add a new PC to the
Kl I L

database

vector

Input quantities of Compos(itions) contributing to B_

4l |

M
¥
h
| e
¥
9
G
n
N
f
v

Learn more

Print | ,T" ganul_'_

NTNU Norwegian University of Science and Technology
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[I: Modules Record Dats Calculste View Print Window Help

[ GEM-Selektor 3 (GEMS3)] - Geachemical Equilibrium Modelling by Gibbs Energy Minimization - [EqStat: Single Thermod...  — m] X

w teas X VI EVEWY =

B, .

I

SysEq

0

Process

b

GtDemo

i

GEM2MT

-

UnSpace

o,

Project

3 & [sngiesystem =

Input: System Definition | Results; Equilibrium State |

ITiDn/lUC iAdd to BCiUG IGD €oIr. IU]:I
5 + 0 J

Phase/species
Znhydrite
Gypsum
heminydrate
£ T

B Fe-carbonate
+--- Sider

©

o

cooooo
Qe g g

cooooo

o

Ferrihydrite-am
Ferrihydrite-mec

©

Block p
want tg

hases you
prevent

from fo

coooooo

B Troilite

- Melanterite
arcenite
syngenite
H-oxide
OH-hydrotalcite
Magnesite
Brucite
thenardite
Natrolite
ZeoliteX
Zeolite¥
Na-oxide
Sulphur

,

o
L T R R

coooooo

#
#
[
"

=)
e e S

3

[ RS I G I R I

EIC R R R R R R R e R R R i R R R R R R W= R = A=)

L el el S e e e e e e e e S e S N e e = ]
CEOOOUOOOO00O00000 000

coooo
e

1|

Title: |Please, enter here a title explaining what this chemical system is

Comment: |Please, enter here a comment about the purpose of this system defini

rming
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[ GEM-Selektor 3 (GEMS3) - Geochemical Equilibrium Modelling by Gibbs Energy Minimization - t:Single Thermod.,  — O X

Fl* Modules Record Dats Calculste View Print Window Help

BB i FdEw K[ 3

Input: System Definition | Resubis: EquiibriumSte | Check the system

Phase/species iL ITlOnfiUC Iﬂdd To ECIUG !GG cozrr. !U'l;i
Znhydrice 1 s+ g o F 0
- Gypsum 1 s+ g o0 T o
hemihydraze 1 s+ g o0 I 0
B~ thaumasite 1 s- g o0 g o
P = o
i B NaCl_sea:G:NaCl-PC:0:0:1:20:0: x| o
o
:}C Missing ICs COMFLICT WARNING! BICHER 2
GiDemo ] Mole amounts of some Indep Comp 1)
v Nit I are missing in the calculated bulk compasition vector | RETAIN ALL |
m; | (B_fil < Pa DB)!
CHECK/Ok |
GEM2MT POSSIBLE ACTIONS:
(1]
* EXCLUDE ALL these ICs together with DCs that b
contain them and some Phases made of those DCs; a

* RETAIN ALL missing ICs by inserting a defauit
HiSpace mole amount (below) into bi_vector cells;

0

]

bl

1 ™ CHECK some boxes to keep these ICs in the a
O} system by inserting a default mole amount into bi_: 0
unchecked ICs will be turned off together with all 3

Fecleck DCs that contain them, P 3
‘. *| Default amount, mol (cditable): [1e-09 Cancel 3
I

=1

Title: |P1Eaae, enter here a title explaining what this chemical system is

Comment: |p1&ase, enter here a comment about the purpose of this system defini

tname ; Comment line for full identification of this CSD

15

[ GEM-Selektor 3 (GEMS3) - Geochemical Equilibrium Modelling by Gibbs Energy Minimization - [EqSts leThermed.. — O X
FI* Modules Record Data Calculate View Print Window Help

=18

Inputs System Definition | Results: Equilibrium State | T Calculate e

:; ‘%EWE + H m ?(J ¥ |u /W_\/_ = ”97 :NaCl-PC0:0:1:20:0;

q

hase/= M Converged at DK=9.99999-06 X _] [o5 [60 corz. [m=
SySEq - A g {+]
ﬁ)‘ GYP3  GEM IPM calculation {run time: 0.016 s). g 0
hemi - J Q
~ ol [ |
Process ;| = g
- L
Srad SR 7 0
E J (]
:X | NaCl_sea:G:NaCl-PC:0:0:1:20:0: J o
GtDemo _ g o
Iter ‘ 1: 5:250| 70
i s J (4]
ﬁ [ ] ] M
Gaseous ‘ 0.10048 ‘ F 0
GEM2MT ——— 7 0
Aqueous | 20‘9414\ i 3
o - J Q
Liquid ‘ 0‘ J 0
UnSpace e — 5 B
Solid 109‘117‘ &
] J Q
. | F oo
%o} pH | 134911 s 0
Project — J 0
pe \ ?‘65407‘ g o
e J 0
J (4]

15 0‘346178‘ 7 0 5
1! = >

Accept Dismiss —

Title: F l i n ik is chemicel system iz

Comment: IFleasE, enter here a comment about the purpose of this system defini

Accept to see the results

uilibrium

16
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[ GEM-Selektor 3 (GEMS3) - Geochemical Equilibrium Modelling by Gibbs Energy Minimization - [EqStat: Single Thermad...  — O b4
LI-Modules Record Data Calculate View Print Window Help a e I e .!ﬂ&
= T — = I .
B B o i e ¥ ECVEL SO -
z | - |
R ——
/ NaCl seartmmennne Input; System Definition  Results: Equilibrium State i
= = Phase/species | L | Tl Amount (mol) | logsI ™
&-a &g _gen 76 a 1.155126 7.188
ﬁ FHoeg gas_gen T g 0.003173074 =175
) s C3(AF)50.84H 2 5 0.03261795 2.488
L YOU have -3  CSHQ & = 0.3533373 -4.15
Process = ettringite-AlFe z 50 -1
Created a -8 ettringite-Fedl 2 =0 -1
= monosulph-AlFe 2z a0 -1
X . . 8 monosulph-FeAl 2 s 0 o
Slngle flle @ -5  straetlingite z =20 -1.42
GtDemo s ettringite 2 s 0.00779927 2.12e
s 504 _OH AFm z s0 -1
s OH 504 AFm z so0 -1
-8  S0&_CO3_AFt 2 so0 -0.02
= C03_s504_AFc 2 50 -0.02
GEM2MT ~.8 hydrotalc-pyro 2 s0 -9.74
= MSH z =0 -4.24
s R1(0H)3am - LA -3.33
-3 A1 (OH)3mic 1 s 0 -2.48
= Gibbsite 1 = 0 -1.94
UnSpace 8 Kaclinite ® 50 -13.8
] Graphite 1 30 -85.2 =
| »
0,
Project Title: |Pleasa, enter here a title explaining what this chemical
Comment: |P1easa, enter here a comment about the purpase of this =
System: T= 293.15K; P= 1.00bar, V= 0.1465L: Aqueous: built-in EDH{H); pH = 134

@ NTNU Norwegian University of Science and Technology v tmpa
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Content

Example: calculate the phase changes in PC paste
exposed to NaCl solution

1. Create Single System — SysEq ©
2. Make predefined composition of PC
3. Make Process

Task: calculate the phase changes in PC paste exposed to
sea water
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W GEM-s

Modules

(GEMS3) - Geochemical Equilibrium Modelling by Gibbs Energy Minimization

R Record List Database Files Window Help

(]

B|ig]le—-Open the database i *ind @ % ¥ 7 5[1\ = | @ [

Sele¢

8 [ "
3 2 34]
IComp  35[mer 20 [ I Page 1 Settings | ‘16!05/2023,13:03
36|HC104 A2 |Perchloric-acid
|PC with limestone
37| ®2c03 MIN |Potassium-carbo
|Cmﬂpusit1mn from Lothenbach ea b:2003:pap:
DComp |38[X20 MIN | Potassium-oxide ===
= . —
39|K2504 MIN |Potaszsium-sulfa | 0.0600843 a o a
40|¥C1 a2 |Potassium-chlor
ReacDC | 21| HOH 20 |Potassium-hydro = o e
42|Mg (oH) 2 MIN Magnesium-hydro St L L
= 7 = fo] P58 e 0.05907926 o|al e M
43|Mg35i205(0H)4 |MIF |Magnesium-silic
= z 1|c e 0.003631367 ijc e M
44| MgC03 MIN |Magneszium-carbo
Rparm z|ca e 0.7004179 2|ca e M
45|MgC12 AQ |Magnesium-chlor
@ 3|Fe = 0.024634393 3|Fe e M
46|Mg0 MIN |Magnesiumoxide
4|® = 0.01017973 4l® e M
47| Mg504 MIN Magnesium-sulfa
5| M 0.02745139 5 M
Phase | 4g|mazcos 20 | Sodium-carbonat 8 = % =
T T &|Ha e 0.008330652 6|Na e M
49| Na20 MIN |Sodium-oxide 1M
T 7|0 o 1.3386 7|0 o |M
50| Nazso0s A0 |=odium-sulfate_
s gls = 0.01758069 8 e M
Compos_|[I51 |Nac1 AQ |Sodium-chloride a |
/ 52|MaC104 22 |Sodium-perchlor
t 53| NaCH A2 |Sodium-hydroxid

Compos

02

503

Cxygen 1M

Sulfur-trioxide

57|SWsaltSime

Horm seasalt si

585102

Silicon-dioxide~|

I ]

1B GEM-Selektor 3 (GEMS3) - Geochemical Equilibrium Modelling by Gibbs Energy Minimization

Modules Record Record List Database Files Window Help

_~ Clone 0

(]

56503 MIN |Sulfur-trioxide
57|SWsaltSime 20 |Morm seasalt_si
58| 5102 MIN |Silicon-dioxide~ |

I ]

B[ B orees j‘ = 1= 7§| | o §| ey ||9 | PCIMINPortland_cem
% 1 2 34|
icomp [ 3imes ® ianin [ Page1 Settings Hwos;zuzs,w:us
36|HC104 AQ Perchloric-acid
|PC with limestone
37| ¥X2c03 MIN |Potassium—carba
|Cumpusit1un from Lethenbach ea b:2008:pap:
DComp | 38|K20 MIN |Potassium-oxide ==
38|x2504 - - ‘ "
e &\ Compos: Please set a new record key x
41| KOH
ReacDC [PC:MIN:Portiand_cement : b o P
42|ug (om) 2 bl =ym c
: olar e |
43|Mg3s5izas Name of predefined composition object (PCO) [
1jc e M
14| macoz [
Roam [ o MIN  Code of PCO type { AQ RO GA FL HC PM MIN ) P
ac d
||Pon|and,<emmt, | Comment to PCO description =] EO— T
@ 48| Mgo d
41K e M
' 37| Mo | Ok I Reset | From List | Help Cancel = -
Phase | 45|Mazcos d 2
7 P &|Na 5, 0.C0OE33065 &|Na e M
49|Na20 MIN |Sodium-oxide 1M
N T|C o 1.336 7|0 o (M
50|Na2sS04 D sodium-sulfate_
- Bls e 0.01758068 B e M
Cﬂmpus 51|NaCl AQ Sodium-chloride 4| I
52 |NaCl04 AQ Sodium-perchlor
53|NaCH 2Q Sodium-hydroxid
54|02 cA  |Oxygen 1M

12.06.2023
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o GEM-Selektor Compos Setup: PC_2MIN:Portland_cement_: x

Step 1- Composition Object (PCO) i

Compos record contains data for a Predefined Composition Object (PCQ), which describes a
salt, the air, a mineral, a rock, a natural water, etc, treated as a single named entity in the
chemical system recipe.

PCO can be configured according to the source data: as IC or DC amounts/concentrations; as
user-defined formula (UDF) units; or as a large UDF entered into a text field.

Upon re-calculation, all given quantities will be added into a single IC mole amounts PCO
vector, optionally scaled to a given total mass (in kg) or total number of moles.

~PCO input data

¥ Use amounts of Independent Components (IComp) in this PCO definition (default)?

& GEM-Selektor Compos Setup: PC_2

:Portland_cement : X

I~ Use formulae of Dependent C (from DComp/ReacDC records) in this PCO?

[ 9 g: I§elnumbernfuser—deﬂnedformulaunitsfﬂrlhlsPCOdEﬁm!ion(ObydEfaull) S5 2 il Sereings i et actions

~Optional; Input user-defined formula (UDF) text ~Optional
™ Use a user-defined formula text input field for this PCO definition?
M moles | select units of measurement for this UDF quantity (default: M)

o Enter here the UDF quantity or amount in selected units (default: 1) I e 2 GeetF o dats GRcerSiRbES T AHIE POCHHEBIGON

Learn more i I et |I Cancel | \what will happen after you click *Finish*

= et here the number of links te SDref bibliography records (default 0)

{1) For a PCO definition sing IComp amounts, a list of available IComp records will be
shown, asking you to mark the desired ones.

(2) Ina PCO definition using DC formulae, a list of available ReacDC/DComp records will be
shown, asking you to mark the desired ones.

(3) Page 1 of the 'Compos' window appears. Fill cut BCname field and (optionally) BCnote
lines, Then enter data and formulae wherever needed, check units of amount/
concentration.

(4) Click on 'Calculate’ toolbar button to compute the PCO vector. Check or enter the
normalization values in Masvel[0] and Masvols] fields and calculate again, if needed.
Setting both fields to zero disables the normalization of PCO to the total mass or total
amount of moles, respectively.

0 . . . .
@ NTNU Norwegian University of Science and Tech more ,—“‘I FEEEF[ Concel

J Please, mark IComp keys for PCO definition *

Please, mark one or more record keys. Filter: =™

Electric charge

| Ok | Set Filter | Select All | Clear All | Help | Cancel

Choose the elements for PC

NTNU Norwegian University of Science and Technology ‘ Empa

Materials Science and Technology
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B GEM-Selektor 3 (GEMS3) - Geochemical Equilibrium Modelling by Gibbs Energy Minimization a Ca [ cu [ ate t h e com pOS it |‘E) n *

Modules Record Record List Database Files Window Help

.T" |compos
1 2
IC 1 |airmie 22 88 |1kg dry air pco
2 [a1(oma MIN |Aluminum-hydrox
3 |Alzo3 MIN |Aluminum-oxide_
4 |arzsizosioms |MIn |Eeolinite im
DComp =
5 |agua A0 |1 mole H2O_
6 |nemairnic 88 |1kg_dry Wit air E Fl £1.8 45
7 |zentewsin A0 |Bentenite-poreu 1|s102 a 18.5 .
ReacDC 3.5
8 [c1za7 MIN |Mayenite 1M z{n1z03 a 4.5 .
3 [ces MIN |Dicalcium silic 3|Fezos g 3.5 1
10|caa MIN |Tricalciumm alum—! 4|rgo s 4 1 1
Rlparm | 44 |c3s MIN |Tricalcium sili 5|x20 a / 1 0.5
.@ 12|censs MIN |Yeelimite 1M 6|maz0 sf 0.5 .
= S MIN |Ferrite 1M 7|coz I 2.4 2.4
Phase |14(cCR MIN |Calcium alumina 8|so3 2.5 2.5
ﬂ 1s5|caz MIN |Calcium dialumi /
16|cns G5 |Methane 1M Hn H
~7 Add the composition in g/100g for
e 17|coz G2 |Carbon-dioxide
pos - . .
18|ca (oH) 2 MIN |Caleium-hydromi the d|fferent OX|de5.
19| cacos MIK |Calcium-carbona
20| cac1z 0 |Calcium-chlorid
21| carmg (com 2 MIN |Ca-Mg-carbonate
22|ca0 MIN |Calcimm-oxide 1
23|Caso4 MIN |Calcium-sulfate
24|casos_osmzo  |mIn

“

CA [0,0] : Quantity/concentration of user-defined formula units C(AC)

hemihydrate 1M
| ;IJ

1B GEM-Selektor 3 (GEMS3) - Geochemical Equilibrium Modelling by Gibbs Energy Minimization

Modules Record Record List Database Files Window Help

(] X

» ,' [compos | /gy || (2] | PC_2:MIN:Portland_cement_;
% 1 2 34]
IComp | 36[mc104 20 |Perchloric-acid I Page1 I dethngs | ‘16{05{2023’ 1507 |
37|%zcos MIK |Potassium-carbo )
PC with limestone
38|%20 MIN |Potassium-oxide
||cemposition usea at GEMs course |
DComp | 38|%2504 MIN |Potassium-sulfa "
40|HC1 RO Potassium-chlor | 0.08600843 ﬂ| ~ Ad‘d deSCﬂptlon dnere
41| KOH 20 |Potassium-hydro
ReacDC | 22 |Ma (0H) 2 MIN |Magnesium-hydro
2319351205 (0H) 2 |MIN |Magmnesium-silic Lty L L e i
7 ofn e 0.05420237 o|aL e M
24 |MgCo3 MIK |Magnesium-carbo
= ; 1|c = 0.03391236 1|c e M
45|MgCl2 D Magnesium-chler
RTparm zlca e 0.6832454 2|ca e M
46|Mg0 MIN |Magnesiumoxide_
@ 3|Fe e 0.02726523 3|Fe e M
47 |Mgs04 MIN |Magnesium-sulfa
4|x e 0.01320631 4|x e M
48 |Nazco3 B |Scdium-carbonat
5 0.01543233 5{M M
Phase | 45[waz0 MIN |Sodium-oxide 1M 4 = d =
6lHa = 0.01003551 N e M L)
50|Na2504 20 |sodium-sulfate_
- 7 7|o o 1.36545 7|c o M
51|NaCl AQ [Scdium-chloride
- els B 0.01342138 8 M
Compos | 52|wacio4 20 |Scdium-perchler W
53 |NaoH BQ |Scdium-hydroxid
54|02 G |Oxygen 1M
55|BC MIN |Portland cement
56| BC_2 MIN Eurtland_canen{:
57|03 MIN |Sulfur-trioxide
58|SWsaltSimp 20 |Norm seasalt _si
558|510z MIN |Silicon-dioxzides|

<

I ]

BCnote : Input comment to BCname {optional)

12.06.2023
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Calculation input Compos - OPC

From cement
producer

Input GEMS

OPC

XRF XRF* g/100g OPC  molar mass mol/100gOPC mol/100g OPC
% % g/mol

Si02 19.60 20.3 20.3 60.1 0.338 Al 0.09138
Al203 4.50 4.7 4.7 102.0 0.046 C 0.05645
Fe203 3.50 3.6 3.6 159.7 0.023 Ca 1.13714
Cao 61.60 63.8 63.8 56.1 1.137 Fe 0.04538
MgO 1.00 1.0 1.0 40.3 0.026 K 0.02198
SO3 2.50 2.6 2.6 80.1 0.032 Mg 0.02568
K20 1.00 1.0 1.0 94.2 0.011 Na 0.01670
Na20 0.50 0.5 0.5 62.0 0.008 2.27256
Co2 2.40 2.5 2.5 44.0 0.056 S 0.03232
Si 0.33769
96.6 100.0 100.0 4.03729

12.06.2023

@Empa .

NTNU
Materials Science and Technology

Norwegian University of Science and Technology

B GEM-Selektor 3 (GEMS3) - Geochemical Equilibrium Modelling by Gibbs Energy Minimization - O X
Modules Record Record List Database Files Window Help

BCnote : Input comment to BCname (optional)

=~ ] ,.
@ﬁ-mo cack to the project jw + il s ¥ H VoS §| = ||Q [[Peczminrortand cement
BT, |~ " Co ulation finish e time: 0 5]
¥ 2 3]
IComp | 36[mc104 20 |Perchloric-acid Page 1 dethngs waos.'zuzs, 150 |
37|%zcos MIK |Potassium-carbo )
|PC with limestone
38|%20 MIN |Potassium-oxide
|Cnmpusit1un used at GEMS course
DComp | 38|%2504 MIN |Potassium-sulfa
40|HC1 RO Potassium-chlor | 0.08600843 7 o o
41| KOH 20 |Potassium-hydro
ReacDC | 22 |Ma (0H) 2 MIN |Magnesium-hydro ; . o s
23|Mg351z05 (0H) 4 |MIN |Magmed - SN =
& PC_2MIN:Portland_cement_: ® 5.05430237 alz e
44| MgCo3 MIK |Magne .
45|MgC12 D Magne Data record has been changed! -Hasdnade e e M
RTparm 0.6832454 2|ca e M
46|Mg0 MIN |Magne
.@ ] e— o F— | Savedlangssl Discard changes | Cancel VPR AT =
48 |Na2c03 AQ |Sodiutecerooms ] Hh e M
Phase [ 49|wazo MIN |Sodium-oxide 1M £ = 0.0 a2 20 S e M
= 6|Ha e 0.01003551 & Na e M L)
50|Haz2s04 RO sodium-sulfate
- 7 7|o o 1.36545 7|c o M
51|NaCl AQ [Scdium-chloride
- els B 0.01342138 els e M
Compos | 52|wacio4 20 |Scdium-perchler
53 |NaoH BQ |Scdium-hydroxid
54|02 G |Oxygen 1M
55|BC MIN |Portland cement
56 BC_Z MIN |Pertland cement
57|03 MIN |Sulfur-trioxide
58|SWsaltSimp 20 |Norm seasalt _si
558|510z MIN |Silicon-dioxzides|
l I ]
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B Modeliing Projects x

GEM-Selektor modelling projects: Select one to open, or click ‘New Project...’ to create

Faclinite Test-JNC B
Hinetics Mineral-Eg-Resctions

e Kyanite MylstProject

course
idreflux
BC_SCM  ASR ril
PitzTest NaCl CO2 &
¥ Retain setup of aqueous (and gas, B compos X
r :: % PC 2 MIN Portland_cement_ be inserted into project
Change file configuration of the s¢ <yetem: Acton?
™ Activate Project Remake wizard Doit Do it for All I Cancel |
™ Create a new project using the selected one as | & ‘
1 1
~ Make a new project: co rd
® by copying records from default database ¢ by inking files from the default database
| Open Project| New Project Learn more Cancel
NTNU Norwegian University of Science and Technology ' p 27
Materkals Scence and Technology
B GEM-Selektor 3 (GEMS3) - Geochemical Equilibrium Modelling by Gibbs Energy Minimization - [ : Single Thermadynamic 5., — o X
[ Modules Record Data Calkulate View Brint Window Help 0] pen inp ut =X

p & [Froiesren EIET= L. 3kl "‘\/\‘Vﬁi.‘

= H (7] ‘ I1-PC0A

| B, NaClseamovnme: Inputs System Definition | Results: Equilibrium State |
= T

e IT |E‘hase/spe::iea !L !T'nn/luc Ihcid to BCiUG iGD corr. ~
=i | #-ag_gen 76 a+ g 0 T Q

{ ) 8] Input Recipe of Single Thermodynamic System: NaCl_sea:G:NaCl-PC:0:0:1:20:0: X

Eities Title: |Please, enter here a title explaining what this chemical system is

|D{ Comment: |Plea§e, enter here a comment about the purpose of this system definition 50 g Wate r

GtDemo Broperty [ Selection Recipe Input N a Cl [0} 0 .00 1 I\/I
Compos (xa e | Property Name Quantity Units
DComp (xd ) Nacl S o

el IComp (bi) NaClod 1|xa_ qua 9
Phase {xp_) NaOH 2|xa. Nacl 0.001
Kin.lower (dll_) o2 3]xa o2 01
Kin.upper (dul_} pC I — :
GO shift (gEx)) e 4| PG g 9

L pace Other Inputs ~ . Add 5|bi_ Nit 1e-09 M

SwialtSimp L]
% si02 PC_ 6 |xa_ pC_2 80 g
Project " ’ Remove dummy PC,

add 80gPC 2

Input quantities of Compos(itions)
contributing to B_ vector

., (as only 80% reacted)

Learn more

et | |T|oc?|

( i |

28

12.06.2023
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Inputs System Definition | Results: Equilibrium State |

I = &

F NaCl-EC |0 |0

s] 7]
1 |20 IFhase/spe:ues

B Converged st DK=9.99909¢-06 X

iL ]TIan‘UC IACEd to BC;UG iGﬂ corr. =
~&g_gen 76 [

GEM IPM calculation (run time: 0.01 s).
I
System:

J NaCl_sea:G:NaCl-PC:0:0:1:20:0:

WW WL WY Wl W NN 6w
O i . o ™ S R T St S S S T
LBy Ty g Ey 6 fq Ty Gy Gy 0 € £y 64 Oy Gy g B By G4 €4 64 &4 &y & &y
OO OOOOOO0000OOO00000000000

210100 0GR GGG QR 0 QE 8 8000880800
R e e e e e e e R S S R N e e S RS S S e

M8 GEM-Selektor 3 (GEMS3) - Geachemical Equilibrium Modelling by Gibbs Energy Minimization -(EgStat:: Single Thegaggynamic .. — O X
ot Record ) D i e et V\@hueq&pthe system 6 6 Calculate-iEx

e i il @ X VSV eyt

tter | 1: 5150
Gaseous 0.100455 ‘
Aqueous 217947 |
Liquid 0‘
Solid 108,263
pH 13.5908 |
pe 75551 | — A
e s 0‘429335‘ plaining what this chemical system :
= about the purpose of this system dei
Accept I mi .
: Agueous: built-in EDH(H); pH = 0.000; pe = 0.00(
( j Kl | 29
[ GENM-Selektor 3 (GEMS3) - Geochemical Equilibrium Modelling by Gibbs Energy Minimization - [EqStat:: Single Thermadynamic 5., — [u] X
[If Modules Record Data Cakulate View Print Window Help =X
B & 5EIET=L. L S = A I
L Input: System Definition | Results: Equilibrium State ]l
l : IAIE[B[T[ Phase/ i i? Am i 0g5SI/Activiny®
FNECI—PE i T ase/species !L ! I wunt (mol) Ikg I/AcTivity
#-a &aq_gen 76 o 1.200042 «569e-08
-g gas_gen 7 o 0.003172172 4.582-10
-8  C3(AF)S0.84H 2 o 0.03216068 2.278e-08
s CSHQ 6 o 0.3534516 1.
~8  ettringite-AlFe 2 q0 0.
+s  ettringite-Feal z Ho phases 0.
~8  moncsulph-AlFe z fo0 1
+s monosulph-FeAl 2 o 1
5 Seeactiimaine : Jthatformp:.c.
-5  ettringite 2 Ho0 0.07466
-8 S04 OH AFm 2 d0 1
s OH 504 AFm 2 qo 1
s 2 o 0.02899997
s 2 o 3.686141e-07
s 2 qo
s 2 qo0
s 1 g0
s 1 q40
s 1 g0
UnSpace s  Kaolinite 1 40
s Graphite i dqao
3 Mayenite 1 40
A% 3 Belite 1 40
'j = Rluminate 1 E )
Project -8  Rlite 1 g0
-8 Ferrice 1 g9
ks S =
f ]
Title: ]Please, enter here a title explaining what this chemical system 3
Comment: lFlease, enter here a comment about the purpose of this system dei
System: T= 20315K P= 100bar V= 0.1466 L; Aqueous: built-in EDH(H); pH = 13591; pe= 7.
N | m——] 30

12.06.2023

15



By

SysEq

0

Process

ke

GtDemo

HE

GEM2MT

e

UnSpace

-3

Project

[ GEM-Selektor 3 (GEMS3) - Geochemical Equilibrium Madelling by Gibbs Energy Minimization - [EqDEmD::ea:G:Na(LPC.‘G:Oﬂ:ZO:O:] - 0o %
[ Modules Record Dats Calculste Miew Print Window Help —_ =8 X]
T o ~l i * H @ X & ‘/ \34 = H 0 [NaCLsexGaCi-pCO0:1200:

L1
Faic ' EqPh I taDC | kasuf | EaGen | [16/0572023, 140 olume of P hases ‘
B i e gy 1112102 -
|Please. enter here a comment about the purpose of this system de..
PEnam 11 Xa B phvel] oo«
0la ag_gen 76 1.200042 1.569007e-09 21.34821 21.79468
ilg gas_gen 7 0.003172179 -B.580464e-1 77.31864 0.1004553
2|= C3 (AF}S0.8B4H 2z 0.0321€6066 -2.278402e-0 4.692177 13.86353
] CSEQ 8 0.3534516 -1.089898e-0 21.880 49.55711
4|5 ettringite-AlFe z 0 -0.0B828313 0
S|s ettringite-FeRl Z 0 -0.0823313 ]
€)= monosulph-AlFe z i’ ! 0
T|s monosulph-FeAl z ] <1 o
Bls streetlingite z 0 —-2.90777 o
1K ettringite z ) -0.0746€6154 D_

10|= 504_OH_AFm 2z 0 -1 0
1l|s GH 504 AFm z ) -4 0
12|s 504_CO3_AFT z 0.02899897 1.560056e-09 €.774251 12.01741
13|s CO3_S04_AFt 2z 3.686141e-07 1.560056e-09 8.610645e-05 0.0001527514
14|= hydrotalc-pyro z Q -g8.842271 0
15]s MSH z ] -3.711203 o
16|= Al (OH) 3am 1 0 -4.06447 o

17| = ALl (OH)3mic 3 ) -3.2012 0 =

£ l LIJ

‘1 o

TR ST OO TRy

Content

Example: calculate the phase changes in PC paste
exposed to NaCl solution

1. Create Single System — SysEq ©
2. Make predefined composition of PC
3. Make Process

Task: calculate the phase changes in PC paste exposed to
sea water

NTNU Norwegian University of Science and Technology ‘ Empa

Materials Science and Technology

12.06.2023
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m GEM-Selektor 3 (GEMS3) - Geg a\mmhrﬁrﬂ Modelling by Gibbs Energy Mlmm\zat\?'g-l[Process i Definition ... — x
I’} Modules Record Window 19 ake a new process file =X
TR [ | P
B8 Jm|tea» X[ * 7 EN =0

Create a new record from scratch
Controls. Sampling Results i Config | |16/05,’2023, 12:46
Process iTm iv ;LD iTIC| iNw) iTau ipy
o 1000 a 1 25 o a
:X I 1200 o i 25 Q a

Gibema 2 10 o o ] 2 0

ﬁ cTm| a ] a o 0 0

GEM2ZMT

UnSpace

Qo}

Project
4| LI
SE=] 2|
4

NTNU Norwegian University of Science and Technology

@ Empa

Materials Science and Technology

:_[; SysEq: Please, select a parent System for a new Process
Please select one record key. Filter: NaCl sea:

I Ok " Set Filter

Select the single file you want to
build your process file on

Help Cancel

NTNU Norwegian University of Science and Technology

@Empa

Materials Science and Technology

12.06.2023
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C} Process: Please, set a new record key X

lNaCi_sEa:G:NaCI-PC:ﬂ 1:20:0:NaCl5:

NaCl_sea Name of the modeling project

!f— Thermodynamic potential to minimize {G}
Name of the parent chemical system definition (C5D)
l‘J— 5D (recipe) variant number <integer>
Volume of the system, dm3
Pressure, bar, or 0 for Psat(H20)g
Temperature, C

Variant number for additional constraints.

—
—
—_—

Name ofthis process simulation tssk Name your process file

| Ck ” Resst I From List Help Cancel ]

®@ NTNU Norwegian University of Science and Technology

rocess simulation mode code {P, S, LG T, R} S 9 Sequentlal Changes

@Empa

Materials Science and Technology

£ GEM-Selektor Process Setup: NaCl sea:G:NaCl-PC:0:0:1:20:0:NaCl5:

Step 1 - Process Simulator Configuration

The Process record can be configured in several modes to perform specific simulation

Any process simulator belongs to one of three types:
1. 'Seguential: only input GEM parameters are modified (mades P, §, L);

This is a tool for 'batch’ calculation of multiple equilibrium states, sampling and plotting of results. In this way, irreversible
geochemical processes {e.g. mixing, dissolution, hydration, titration, corrosion, weathening) can be simulated.

control script 'P_expr’ and simulation output script 'pgExpr'. Simple scripts can be easily produced using this wizard.

2. 'Reciprocal’: next step depends on GEM outputs (e.g. compasition of phases) from the previous step (mode R);
3. 'Inverse’: GEM input adjusted to obtain prescribed values of GEM output (e.g. pH; modes G, T).

scenarios by execution of process

i~ Please, choose a process simulation mode:

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

@ 5 Direct sequential change of bulk composition and/or constraints (default) |

" G Batch inverse titration sequence for incremented pH values etc.

" T One arbitrary inverse titration calculation as defined in Process control script

" R - single flow-through reactor (SFTR) simulation using equilibrium composition:

L Lippmann diagram (transposed) for a binary solid sclution

We are going to
make sequential
changes in the
composition

< of phases

< Back || Nexts | Cancel |

12.06.2023
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12.06.2023

0 GEM-Selektor Process Setup: NaCl_sea:G:NaCl-PC:0:0:1:20:0:NaCLS: X

Step 2 - Process Simulation Controls (click ‘Next' to retain the old script)

iTm iv iP iTC iNv iTau ipxi iMu ipH ipe
o 1000 0 1 25 0 0 0 0 0
Until 1200 0| 1 25 o o ] o 0
Step 10 0| 0 0 o 0| 0 0 0
1 I |
@® Titration cNu {linear) " Diagram logD vs x (linear) © Titration cpXi logarithmic  C Diagram logKd vs log(m)

Linear titration and logD diagrams use the iNu iterator; logarithmic titration and legkd digrams use ipXi. Titrations: select
required titrants as items from ‘Compos’, 'DComp’, 'IComp’ or ‘Phase’ lists, optionally also select items from "DC-lower’ or
'DC-upper' to change metastability constraints.

To plot logD vs linear x {mole fraction) scale: (i) select minor then host end member from the *DComp’ list, (i) select trace
then host ion from the "Molality’ list. To plot logkd and isotherms vs log{molality) scale: (i) select trace then host
compositions from the ‘Compos' list; (i) select trace then host elements from the 'Sorbed' list. In both cases, skip the next

wizard page.

g?:r::os K2C03 MgOo BC modC[J] =: cNu;

i i K20 Mgs04 pC2

Phaseps K2504 MNa2Co3 s03

DC-lower KCl Na20 SWsaltSimp )

. | Nazsod  5i02 We will change

g MglOH)2

Molalit; : H

SOIbedy Mg35i205(0H)4  NaClo4 the COdlng Iater
MgCO3 NaOH
Mgcl2 02
L4 |

@® ]| | Learn more < Back " Nexts | Cancel l

f_} GEM-Selektor Process Setup: NaCl_sea:G:NaCl-PC:0:0:1:20:0:NaCLS: x
Step 3 - Selection of items to sample/plot (click "Next” without selecting anything to retain the old script)

Property ~ Item Selection Sampling Script
ucalm Mbx ool | FRT  ALEI x"[f E
ue pmXxs _nnr{1] Xw T YRl
b GX Li01 Masses[0] P
ch IS L[] Masses[1] RTf[0]
m_t 21 Masses[2] RTf[1]
Igm_t I pe L] Masses[3] RoW[0][0]
icM Eh Li41 Masses[4] EpswWI0][0
Xa TC[o] LIs] Masses[5] ViswW[0]
Xwa ] Fi[0] Volums[0] iTm[0]
phval TK[O] A1) Volums[1] iTm[1]
phi K Fil2] N_ iTm2]
Fa PGI0] FI[0] L[o1 cTm
bXatzq_gen) PGI1] A1) L Vo]
bXalgas gen) V101 Fi[2] L[2] w11
bXa({C3(AF)SO V1] denW[O][0] L_[3] V(2]
bXa(CSHO) it denW(1][0] L_[4] o
bXa(ettringite IEfd epsWID0] L 3] iP[0]
bXa(ettringite Itlpm epsW[1][0] Fi_[0] iP[1]
bXaimonosul Psi_DKIO] InP Fi[1] iPL2]
bXa(monosul Psi_DK[1] RT Fi_[2] o]
bXalstraetling ’ N
l}\ffﬂnmﬂijﬂ [ — -+

‘ List of static data objects (see tooltip on each object name)

< Back Im Cancel |
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(:} GEM-Selektor Process Setup: NaCl_sea:G:NaCl-PC:0:0:1:20:0:NaCLS: x
3 - Selection of items to sample/plot (click "Next” without selecting a ing to retain the old scri
ple/p g ng
Property ~ Htem Selection Sampling Script
Scalars =
i Graphite ZeoliteP XD%IB T
5 Mayenite  coashs | [P ph{fo\[c -
b (ARSO.24H Belite C4ACHS phV IC3(AF: 5'0 aamy
o] Ent luminate phvg\gpo:t\azmd\;e}]- 2
i sftringite-AlFe  Alite CAACDS phvmuennn i
|g;’ t ettringite-FeAl  Ferrite C4AC0.5 Ehvm[((‘dh;& 6}}:
e monosulph-AlFe 4 A
e munosulﬁh—FeAl pIVGIRCAACH T
Xa bt Kitzals phVol[{C44c0.5H10S}L;
AWa sl 6As1 phvol[iFriedels}];
C6A5H9‘ vpi : phvol[{Kuzels});
phM rme YpUI10] =: phvol[{OH-hydrotalcite}];
Fa 2 ypU[11] =: phVvol[{Brucite]];
bxafaq_gen) 3 ypUI[12] =: phVol[{MSH};
bXalgas_gen) carHa yplI[13] =: phvol[{Calcite}];
bXa(C3(AF)SC Ciesin ypli1[14] =: phVol[{Gypsum}];
bXa(CSHQ)V C3F5'\I31 ypl[15] =: phVol[{S04_OH_AFm}];
bXa(ettringite Tt 7 ypl][16] =: phVol[{OH_SO4_AFm}];
bxaettringite CAfsHia i 1171 =: phvol[(SO4_CO3_AFG]:
cansHg arcnz)| || |XPEINT] = pitiolliSOL CO2 AP
bXa(monosul e ¢ ypUI[18] =: phvol[{CO3_SO4_AFt)];
bXa(monosul Chabazite Dolomit
bXa(straetling .
bﬁffﬂnmﬂijﬂ -+
‘ Volumes of phases (in cm3) in equilibrium
< Back Il Next> ” Cancel |
39
f_} GEM-Selektor Process Setup: NaCl_sea:G:NaCl-PCi0:0:1:20:0:NaCl5: x

Step 4 - Important data object dimensions

Spin boxes below define the dynamic memory configuration of the process simulator. . .
Number of steps we want to take in the process file

= D\'mensw’uns‘g&ﬁpﬁed and experimental data

PS - Number of steps {1 to 9999 ) to be performed in this simulation {default: 21); also length of the 'xp' vector.

7 =1 Number of 'modC’ array columns (1 to 40, 0 - not used) to store process control values; number of rows will be
= nPs.

m. jumber of columns in the 'yp' table (0 to 200 to keep the simulated data sampled by the pgExpr script;
umber of rows will be nPS.

=] Number ofvalumns in the 'xp’ table (0 to 4) to keep the simulated data sampled by the pgExpr script; number

of rows will be nPs. mount Of OUtpUt

0 =1 MNumber of rows in the xEp, yEp arrays for experimental data (optional)

1 —1 MNumber of columns in the xEp, yEp arrays for experimental data (optional)

Optional data vectors (of length nPS) can be used for accumulating current process control values for all steps performed.
They can be allocated using checkboxes below. The assignment operator {with J index) in the script will override any values
automatically copied into data vector from the respective process iterator.

- Allocation of optional data vectors

™ CSD variant # (vIm') ™ volume V, | (w9 I~ Pressure P, bar (wPY
[~ Temperature T (¥T" ™ Constraints # {'vNV') ™ Process extent Nu (vNu')
™ Process extent pXi ('vpXi’) ™ Kinetic parameters ('vkin’) ™ Time Tau ('vTau?)
Learn more < Back | | Next> I Cancel
@ NTNU Norwegian University of Science and Technology o, il

Mat

ais Science and Technology
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O GEM-Selektor Process Setup: NaCl_sea:G:NaCl-PC:0:0:1:20:0:NaCLS: x

Step 5 - Additional options

On this page, some options of the Process simulator operation can be changed (for specific cases).

~Optional modes of operation
v Use 'P_expr' simulation contrel script (can be turned off in P simulation mode)
v Save generated SysEq records to the project data base (always saved in G and T modes)
™ Use time dependent calculations and plotting mode (for kinetics simulations, reserved)
™ Use Smart Initial Approximation of GEM IPM algerithm for faster calculations (on your discretion)
™ Use a stepwise mode of Pracess simulation (for troubleshaoting purposes)

The P_expr' simulation control script must be used in most cases except the P mode (e.g,, if temperature is changed using iTC
iterator, but the system recipe remains constant).

Saving process-generated SysEq records may be necessary for subsequent sampling of results by GtDemo module or for

troubleshooting, but may dramatically increase the size of project database. This flag has no effect on reciprocal and inverse
titrations, where optimized SysEq records are always saved.

< Back ]l Next> | Cancel |

@N

O GEM-Selektor Process Setup: NaCl_sea:G:NaCl-PC:0:0:1:20:0:NaCLS: x

Step 6 - Final settings and comments

Optional

[_ﬂ Set here the number of links to SDref source of data and bibliography records (default 0)

[ After you click "Finish";

(1) "Controls' page of the Process window will appear. Fill out comments in ‘PEname’ and 'PEnote’ lines. Check the process
iterators for correct ranges and increments.

(2) Modify the simulation control script 'P_expr’, if necessary. Some example scritps can be found in help pages or via the
'Help' 'Scripts” menu command. Check also the sampling script in "Sampling’ page of the process window.

(3) Click on 'Calculate toolbar button to start the simulation; for the first time, do not use the graphic output. If error
messages appear, check and fix the scripts or iterators and try the calculation again. After the simulation has finished, lock
at sampled results in "xp' and 'yp’ fields on 'Results’ page (can be copy-pasted to commercial spreadsheets),

(4) Check and edit the axis and ordinate (plot) names, and click on the 'Plot data’ toolbar button to see a customizable
Graph Dialog. To plot experimental data over simulated curves (for visual fitting), close the Graph dialog, enter data into
XEp and yEp fields on ‘Results’ page, then open the Graph dialog again and customize the plot.

Learn more < Back ]l Finish | Cancel

12.06.2023
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GEM-Selektor 3 (GEMS3) - Geochemical Equiliggum Modelling by Gibbs Energy Minimization - [Process & Remake of .. — m] X
') Modules Record Window Help 6 =X
|.’$ _@ Pocess  ~|| il +|H|c@ B X H AR ‘ L&}_ = H a |[NaCLseaGNaCPC00:1200iNaCES:
[ ——
3 a Contrals Sampling | Results | Config | |16;’05f2023, 12:46 |
SysEg ITINECJ:PC - - e
f”) =3 Thieprocess file is created ©
Process iTm iv iP iTC iNv| iTau
o 1000 0 4 25 a a
3{ I 1031 0 1 25 0 Qa
GiDemo 2 T 0 0 1] 2 a
m cTm| 1000 o .4 25 a a
modC [J] =: clu;
GEM2MT xa_[{Agqua}] =: R
xa_[{NaCl}]
;U IS Now we start editing the code ..
nSpace
A (next slide)
Project
| L'—I
LA
43
GEM-Selektor 3 (GEMS3) - Geochemical Equilibrium Modelling by Gibbs Energy Minimization - [Process : Remake of .. — m} x
Iy Modules Record Window Help =8 X

B B

IEA=E T Ik || Yo “A{ = || (7] [NactsexGriacrpeoz00NsCIs:

Syskq

I

0

Process iTm v iP| iIC iNv iTau
o 1000 0 1 25 0 e}
m I 1031 ] 1 25 0 a
GtDemo 2 x: o ) ] 2 0
ﬂ cTrm| 1000 0 3 25 a 0
|$ making of list with increasing numbers
GEM2MT modC[J] [0] =: ((cKi =0)2 le-9:cXi):

l Controls Sampling | Results | Lonfig ||1ﬁf0512023,12:46

3
|1 mac1-ec |
T PC in contact with more and more NaCl water I

=== Brief description

|»

£ pddition of NaCl({0.565 M NaClL in 1000 g H20, 50 g H20 in BC)
xa [{NaCl}]=: 0.565*modC[J];
xa_[{Rgua}l=: 50+modC[J]*1000;

S making of list with increasing numbers
modC[J][0] =: ((cXi =0)? 1le-9:cXi); => this means (IF(...) ? THEN.. : ELSE)

$ addition of NaCl(0.565 M NaCl in 1000 g H20, 50 g H20 in PC)
xa_[{NaCl}]=: 0.565*modC[J];
L] xa_[{Aqua}]=: 50+modC[J]*1000;

12.06.2023
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.ﬂ We use pXi (= -logXi) to make a logarit
o list of numbers
pXi=-log(Xi) or Xi=10/(-pXi) 10

20

cXi

|+ Step X2=1070.1=1.259 0

«  Start X0=107-3=0.001 automaticall

y

GEM-Selektor 3 (GEMS3) - Geochemical Equilibrium Modelling by Gibbs Energy Minimization - [Process :: Remake of the new record finished OK. It s recommendedto re-cal, — [ X
') Modules Record Window Help =]
.‘;:s e i Fl@p ¥ H s | ‘ 1ty H (7] [NetiseaGac-rC0D T 200 NsCIS:
3 Controls_Sompling | Resuts | config | [16/0572025, 1245 |
SyeEq ITNaCJrPC -l
1 IPC in contact with more and more NaCl water ‘
Process iTm iv iP iTC| iNv| iTau] ipXi iNu ipH ipe
o 1000 o 1 20 0 o 3 o o 0
:X: p & 1045 0 1 20 0 O -3 45 o 0
Gtbemo 2 1 ] 0 0 1] 0 ~0.1 I o )
m cTm) 1000 L) 1 20 o 0 o] 15 o 0
$ meking of list with increasing numbers - modC| =~
GEM2MT modC[I][0] =2 ((cXi =0)2 le-9:cXi): 5 = |
§ addition of NaCl(0.565 M NaCl in 1000 g H20, 50 1 o
xa_[{NaCl}] 0.565*modC[J] ; 5
xa_[{Rqua}]=: 50+modC[J]*1000; 2 0
UnSpace 0

|

Materlals Science and Technology

0 20 40 60
e Stop X1=1073=1000
modC[J]
d Technology 45
EM-Selektor 3 (GEMS3) - Geochemical Equilibrium Modelling by Gibbs Energy Minimization - [Process :: Remake of the new record finished OK. It is recommended to re-cal..  — o X
') Modules Record Window Help =]
.‘;:s e i Fl@p ¥ H s | ‘ 1V =y H (7] [NeCise=GNaCI-PCO01200aCIS:
& |~
= Contrals Sampling | Results | Config | |16/05[2023, 1246 ‘
1 NaCl-FC =
Srfq I_— Ipc in centact with more and more NaCl water ‘ I
Process iTm iv iP iTC| iNv| iTan) ipXi iNu ipH ipe
o 1000 o 1 20 0 o 3 o o 0
:X: p & 1045 0 1 20 0 o -3 45 o 0
Gtbemo 2 1 ] 0 0 1] 0 ~0.1 I o )
m cTm) 1000 L) 1 20 o ] o] 15 o 0
$ meking of list with increasing numbers - modC| =~
GEM2MT modC[J][0] == ((cXi =0)? le-8:cXi}: 5 5 _
§ mddition of NaCl(0.565 M KNaCl in 1000 g H20, 50 g H2C in PC 1 o
xa_[{NaCl} 0.565*modC[J] ;
xa_[{Rqua}]=: 50+modC[J]*1000; i X . X 2 0
Unspace iNu gives a linear list 3 0
¥ . 4 0
e Start iNu0=0 = ,
e StepiNu2=1 s o
* MaxiNul=45 : z -
JallljFzemm]
NTNU Norwegian University of Science and Technology ' p 46
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GEM-Selektor 3 (GEMS3) - Geochemical Equilibrium Modelling by Gibbs Energy Minimization - [Process :: Remake of the new record finished OK. It is recommended to re-cal..  — O X
') Modules Record Window Help =]

’3% Pocess || ¥ |l 'KH LT @‘Lf\i .!.Hg||NaCI_sea:G:NaC\-PC:J:O:!:ZO‘O‘NaCI:S‘
Controls §ampllng| Results | Config ||15/05fzozs,wz—45 ‘

3
SysEq F NaCl-BC =

Ipc in contact with more and more NaCl water ‘ T
Process T B iE iTe[ aww iTan SpRs B icH] ipe
of 1009 o 1 20 o o s o o o
:X I 2 1 20 P} o -z 5 o f)
o 2 1 a P) 0 o ) —0.1 1 o P
ﬂt cn] 1000 2 1 20 0 o o 41 o [}
S meking offlist with imcressing nombers 5 modc|~
GEM2MT modClI1[0] §= ((cKi =0)2 le-S:cKi): 5 5 _
$ additie NaC1(0.565 M KaCL in 1000 g H20, 50 g H2G in EC) 1 0
xa_[{NaCl 0.565%madC 7] ¢
xa_[{Rqua}]f: 50+modC[J]*1000; 2 0
3 0
Y
P)
Numbering of the single files ; .
i - i 0
e Start: iTm = 1000 i
E z =

* Step:iTm2=1
e EiEE] * Max: iTm1=1045
Calculation stops as soon as any max is reached

NTNU Norwegian University of Science and Technology ‘ Empa 47

Materlals Science and Technology

EM-Selektor 3 (GEMS3) - Geochemical Equilibrium Modelling by Gibbs Energy Minimization - [Process i: Remake of the new record finished OK. It is recommendedto re-cal..  — 0 X
') Modules Record Window Help =]

’3% [Procees <] pt T | @@ mp ¥ H ¥ o @‘Lf\i =y H (7] |[NeCLeeaGNaCIRC0T200NSCIS:

a L,
= Controls §ampllng| Results | Config ||16/05[2023,TZ-46 ‘

SysEq NaCl-BC
Ipc in contact with more and more NaCl water

$) |- |

Process iTm iv iP I iTau ipXL iNu ipH ipe
o 1000 o 1 21] o o s 0 o 0
:X 1| 10ss 0 1 20 0 o -3 5 0 )
e 2 1 0 0 q 0 [} 0.1 1 o 0
ﬂt cmm| 1000 2 1 20 o o o 22 0 0
S making of 1ist with increasing numbers| S modC[~
GEMZMT modC[J][0] =: ((oXi =0)2 le-%:cKi); 5 = _
$ addition of NaCl(0.565 M KaCl in 1000 | Hz0, 50 g H20 in EC} 1 0
xa_[{NaCl 0.565*modC1d] 7
xa_[{Rgua}]=: 50+modC[J]*1000; 2 0
UnSpace 3 3 0
~." & 0
{a Varying the temperature E
A — 5 0
Project e Start:iTC=20
7 a hd|

* Step:iTC2=0
el * Max: iTC1=20

NTNU Norwegian University of Science and Technology ‘ Empa 48

Materlals Science and Technology

24



B GEM-Selektor 3 (GEMS3) - Geochemical Equilibrium Madelling by Gibbs Energy Minimization - [Process :: Remake of .. — m] X

OMﬂduies Record Window Help

=X

ﬁ & [Proces = | IR = T Nk || * o “ﬂ = H @ [NaCLseatnaCrPCODT 200NzCS:
@ . 3 Controls Results | Config | |16.v’05/2023_ 12:48 |
T [wexe] soss] o wem] 11 o] o o |

0

(== yp[J] =: ((cNu =0)? 0-3 : Ig((xa_[{Aqua}]-50)/1000))

’

Process

| cTayl of|  epxi| 4 of|  oxi| 1|
Gl—-:mjo =] e g al

£ Bbscissa in L seawater per 100 g cemend (+ 50 ml H-ZO in cemen !

e B A e LR T Rk o T 6 T S gt e (|f ? Then: e|se)
GEM2MT

Ordinates {in cm3/100g cement)

£ Unreacted OPC 20g with 3.15g/cm3 density
% vp[Jd]1[0] =: 20/3.15;

yp[J][1] =: phVol[{CSHQ}]:
UnSpace vp[J][2] =: phVol[{C3(AF)SG.B4H}];

vp[J]1[3] =: phVol[{Portlanditel}]:
vp[J1[4] =: phVol[{ettringite}]+phVol[{S04 CO3 AFt}]+phVol[{CO3_SO4 AFt
0 vp[J1[5] =: phVol[{C4AsH1&}]+phVol[{OQH S04 AFm}]+phVol([{504 OH ZFm}];

1

0-3: Gems needs
an operator first

! vo[J]1[6] =: phVol[{C4AcHIL1}]:
Faieet vp[J1[7] =: phVol[{C4Ec0.5H105}]:
yp[J1i8] phVol [{Friedela}]: .
Y0131 (8] = PHVol[{Kezels}]; We plot the volumes in [cm3] of
vp[J][10] phVol [{OH-hydrotalcite}]
ypl[Jl[11] phVol[{Brucite}]: H H
s T il the different hydration phases
ve[J]1113] phVol[{Calcitel}]; _l
yp[J][14] phVol [{Gypsum}];
yo[J][15]
P 49
ve[J][1€]

{8 GEM-Selektor 3 (GEMS3] - Geochemical Equilibrium Modelling by Gibbs Energy Minimization - [Process : Caleulatio.. — O X
I Modules Record Window Help =X
k‘i Proces. = ‘h + H 4 X H ¥ o @ W_\J_ =, ” 0 [Nt seaGNaCt-pC00:1208:NaCES:

7 L4
= Controls Il Somping | Results | Config | | 1670572023, 15:49 ‘
Sysiq FNale | cTaul cu cpxi| —1.4“ cxi| 25,11aes§|d
4 ") [ el o] o= o
Process S Zbscissa in L seawater per 100 g cement (+ 50 ml H20 in cement) 3
xp[Jd] =z ((cNu =0)? 0-3 : lg((xa_[{Aqua}]-50}/1000)); =
|:}{ § Ordinates (in cm3/100g cement)
GtDema $ Unzeacted OPC 20g with 3.15¢g/cm3 density
yp[J1[0] =: 20/3.15;
ﬂ yPIJ111] =: PAVOL[{CSHQ}I:
yp[J112] =: DhVol[{C3(AF)S0.84H}];
GEM2MT ¥p[J113] =: phVol[{Portlandite}];
yp[J1[4] =: phVol[{ettringite}]+phVol[{504 CO3 AFt}]+phVol 03_50% AFt}].
yp[J1[5] =: phVol[{C4AsH16}]+phVol [{OH S04 _AFm}]+phVcl[{504_OH AFm}];:
vp[J1[6] =: phVol[{C4AcH11}];
vp[J1[7] =: phVol[{C4Ac0.5H105}];
UnSpace yp[J118] =: phVol[{Friedels}];
yr[J][2] phVol[{Kuzels}]:
yp[J1110] rhVol [{OH-hydrotalcitel];
O' yplJ1111] phVol [{Brucite}]:
< vp[d][12] hVol [{MSH)
Project ¥p[J1[13] =: phVol[{Calcite}]:
yplJli14] phVol [{Gypsum}];
yPLI]1115]
ye[J1116]
yp[J]1117] =
yp[J]1[18] =: O; -
2l | i
pX_Nam|vel NaCl |
[ - [ammom  Jrormimmeies
= .
|
[pLram [0,0] : List of names of curves [columns in the yp array) | =
el . »
List names of output
NTN |y o

pLnam [0.0]: ist of riames of curves (columns in the yp array)
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GEM-Selektor 3 (GEMS3) - Geochemical Equilibrium Modelling by Gibbs Energy Minimization - [Process
Iy Modules Record Window Help

Calculatio... - o

X

=X

»E

l—_lesv\r- s X[ ¥ LN -

” 0 “Natl,sea:ﬁ:wam—lzw:u 20:0:NaClS:

3
IT Natl-

Controls Sampling Results Confi 16/05/2023, 15:54
pling & )

re and more NaCl water

R unreacted BC csEQ C3(2F)50.848 Porslandite
Process -3 £.345206 21.89648 4.621253 10.: Y-aX]S t|t|e
2.9 6.345208 21.88625 4.631572 10 4ovea
:}{ 2.8 £.342208 21. 4.69197 10.12986
GiDemo -2.7 £.349208 21.89566 4.692¢62 10.12837
2.6 £.349208 21.39528 4623068 10.12872
-2.5 §.343206 21.894B6 4.633813 10.12766
GEM2MT 2.4 £.349206 21.8944 4.624721 10.12673
2.3 £.349208 21.29393 4.695821 10.12523
2.2 6.349206 21.89348 4.697137 10.12324
T £.349206 21.89312 4.623697 10.12061
2z £.349208 21.89204 4.700518 10.11714
1.9 £.349206 21.89306 4.702612 10.11261
1.8 6.345208 21.89362 4.704873 10.10675
17 £.349208 21.89479 4.707578 10.09928
-1.6 £.349206 21.89674 4.7103%6 1008336
1.5 £.349208 21.23958 4.712373 10.0788
1.4 6.349206 21.90344 4.716444 10.0647
-1.3 £.349208 21.3083 4.713543 10.04837
1,3 £.349208 21.91408 4.722608 10.02832]
-1.1 £.349206 21.91834 4.724476 9.997072
1 6.345208 21.8185 4724692 5.920216
£.349208 21.92079 4.72495 9.368978 _l_‘
-
NTN | o .
BY_Narm ; Ordinate name (for the graph)
GEM-Selektor 3 (GEMS3) - Geochemical Equilibrium Modelling by Gibbs Energy Minimization - [Process & Remakeof .. — 0O X
Iy Modules Record Window Help =X
‘3& Es"- + [ 'KH ¥ .{lﬁ ‘:: ”auNaClseaGNaﬂ PCO0:1:200:NaCLS:
= Controls I Somping_ Resite | Config | | 16/05/2023, 1245 Ca|Cu|a e ‘
SysEq  |U Neci-
i I_— [ were[ eses] o] Hexc] | | ol a o B3|
I
Q == =
Process
| r:Taul gu v:pXil 3“ :Kil 1”
4 ‘
coll 0 cpe 0 cEn o
lest, = = (= ‘|
S Bbscissa in L seawater per 100 g cement (+ 50 ml HZO in cement) =
xp[J] ({cku =0)2 0-3 : lg((xa_[{Aqua}]-50)/1000));
GEM2MT $ Ordinateq
5 Unreacted £) Process X
ye[J110] =4
A— Show Graphics Dialag during simulation?
UrSpisce ¥plJ]12]
ypIJ113]
yelJl [q] Yes No Cancel hVel [{CO3_S04_AFT}];
| — 1504 OH AFm}];
TAVGL[{CEECHIII
Project : phVol[{C4Rc0.5H105}];
PhVol[{Friedels}];
PhVol[{Fuzels}];
phVol [{OH-hydrotaloite]]:
yp[J1111] =: phVol[{SBrucite}l;
ye[J]1112] ©hVol [{MSH}];
yp[J]1113] =: phVel[{Calcite}];
yO[J1114] =: ohVol[{Gypsum}]: 2
ye[J1115] 0;
yelal[L6] =: 0
o:
0:
| |
< |
-
NTN |y o -
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GEM-Selektor 3 (GEMS3) - Geochemical Equilibrium Modelling by Gibbs Energy Minimization - [Process «: Remake of .. — O X
Iy Modules Record Window Help — =X

B2

o] s bl b %[ ¥« |

Process

GtDemo

GEM2MT

NTN

a g
Controls |§3mp!|ng Results | Config ||16r05/2023,1zm pio ‘

3
IT Natl-

I ) I ) B
[ psTiey] [_om
= o] =] |
= = | 7]
e e U e (@

$ Ordinates (in cm3/100g cement)

§ Unreacted

¥p[I110] 4 ) NaCl_sea:G:MaCl-PC:0:0:1:20:0:NaCl:S: x
ve[a]11] Data record has been changed!
vpl[Jli2]

1

b

g

q

b | I o1 [{CO3_S04_AFT}];
o |[Savechanges | Discard changes Cancel 504_OH_ZFmIT:

q

phVol[{C4Rc0.5H1051] 7
phVol[{Friedels}];
phVol[{Kuzals}]:
©hVol [{OH-hydrotalcite}]:
ThVol[{Brucite}];
ThVol [{MSH}]:
phVol[{Calcite}];
ohVol[{Gypsum}];

il 2 53
GEM-Selektor 3 (GEMS3) - Geochemical Equilibrium Modelling by Gibbs Energy Minimization - [Graphics Dialog] - O x
Iy Modules Record Window Help =X
3 .& [grProc = ‘- + H 4 X H ¥ o ﬁ “Lfy_ =, ” 0 [NaCiseaGniaci-pCoO0T200NaClS:
: ] - Legend| x# [Label Y
é]_ﬂ > PC in contact with more and more NaCl ... || e ==
£ 1 Hac1i- 25 0x o |0 |unreacted PC
£7) Customize Graph: PC in contact with more and more NaCl.. X < [0 |csHa
< |0 [caamsossn
0 |Portiandite
0 | ettringite
ekt whmocoimar ot | = |0 [canshis
PC in contact with more and more NaCl water . e
; <= |0 [ceacosHios
—Axis Setup
< |0 [Friedels
Abscissagrid |5 5 |\m| Nacl < [0 |Kuzels
) = < |0 |OH-hydrotalcite
Ordinate grid |5 3 |Vu\{cm3] okl
< |0 [Bructe
Graph X |-3 1 o [0 |MSH
v |D |50 I o |0 |Calcite
o |0 |Gypsum
Fragment x [-1.33333 [0333333
<o |0 [s04.0HaFm
y: [233333 |16.6867 < |0 |OH.S08AFm
\ < |0 [soacosart
Label font: Change Font... | D0,0,0,0,0,0,0,0,0,0,0,1 =
< |0 [co3sosart
Background Change Color...
\ Click legend symbols to customise
T y T 1_ | |curves; select an abscissa under x:
ok | _camet || meny | b |HDTO0 10 20| S e
them to plot area; right-dlick on plot
vol NaCl area to copy or save image
Fragment || Customize || pint | swemoge|[ close Help
NTN |y [1] “
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GEM-Selektor 3 (GEMS3) - Geochemical Equilibrium Modeling by Gibbs Energy Minimization - [Graphics Dialog] - O X
[
3 Modules | Record Window Help =X
@a grProc + . £ E * * K H o w = ” o “NacLsea:G:Nac4—pv:ﬂ:n-.1:zun:macrs:
[
m > PCin contact with more and more NaCl ...|[ 'e9l# e
SysEq |1 maci- 60.0 < [0 [unreacted Pc
p) < |0 |csHa
< |0 [csamsosam
}m:“ ~ |0 |portiandite
48.0 o |etingite
| SC < |0 [caasrie
e < [0 [caacHn
< |0 [caacosmios
m 36.0 < |0 |Friedels
T = ) < [0 |Kuzels
g < |0 |OH-hydrotalcite
2 < |0 [Bructe
=]
= <o |0 [msH
Uns
e 24.0 o |0 |cacte
&, T
- <o |0 [s04.0HAFm
fasct < |0 |OH.SO4AFm
< |0 [so4co3an
<o |0 |cossosaar
Click legend symbols to customise
curves; select an abscissa under x:
-0.60 0.20  1.00| it ordinate ¥ abels, drog-drop
them to plot ares; right-dlick on plot
Vo‘ NaCI area to copy or save image
Fragment | Customize | pint | swveimage|  ciose Help
NTN |y -
GEM-Selektor 3 (GEMS3) - Geochemical Equilibrium Modeling by Gibbs Energy Minimization - [Graphics Dialog] - O X
[
I3 Modules Record Window Help =X
@ a grProc + E * * K H o ‘w = ” o “NacLsea:G:Nac4—pv:ﬂ:n-.1:zun:macrs:
[
m rE3 PC in contact with more and more NaCl ... |[ 'e9el < leeeY
SysEq |1 maci- 60.0 < [0 [unreacted Pc
p) < |0 |csHa
< |0 [csamsosam
}m:“ ~ |0 |portiandite
o |etingite
| SC < |0 [caasrie
e < [0 [caacHn
< |0 [caacosmios
—_ < [0 [Ruzels
GEMZMT =
g < |0 |ok-hydrotide T h e p h ase
*F 2 < |0 [Bructe
= . .
S < o |wn highlights
o |0 |cacte
You can = emm  Whenyou
d rag an d <o |0 |s04.0HAFm .
& < lo Jousonm  Select it
d ro p t h e < |0 [soscoiar |
<o o |cossosnn |
names
fro m th e 0.0 Click \egztinsym::: :r;tustrc;mis:‘
- curves; select an abscissa under x:
Iegend in -300 -220 -140 -0.60 0.20  1.00| |t ordinate ¥ labels, drag-drop
them to plot ares; right-dlick on plot
Vo‘ NaCI area to copy or save image

the figure

fragmeﬂtl gusmmim| Brint | §ave1mage| Close Help

@NTN [

56
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o

GEM-Selektor 3 (GEMS3) - Geochemical Equilibrium Medelling by Gibbs Energy Minimization - [EqStat: Single Thermodynamic Systemin Pr..  — O X
T Modules Record Data Calculate View Print Window Help =X
H = i e ¥ Y IECVE WY O
NaCl sea:™imim:
] 2% fnace Input: System Definition | Results Equilibrium State |
5 4 [a]s] 2] s
sl | = I Phase/species [z [z]on/[ue [ada o 5c]
Fooag_gen 76 =+ g D
rp 2 |waci-rc |1000 [0 [1 [20 [oon BT ean g e OB
) 3 |waci-nc |1001 [0 |1 [20 [oon & C3 (AF) S0. 84H 2 s+ g 0
R B CSHD € =+ g o0
oreees [12_|Faci-rc |1002 |0 [1 |20 |oos @ ercringite AlFe Z wd g D
5 |waci-pc [1003 |0 |1 |20 |ooo B ectringice-Ferl 2 s+ g O
[ monosul phi1Fa 2 s+ g ©
>: 6 |waci-pc [100¢ |0 |1 |20 |oco E - 2 =4 g D
2 =2+ g 0
7 |waci-rc |1005 [0 [1 [20 [ooo h f h
o Each step of the P 5l 5
8 |wacirc |1006 |0 [1 |20 [oo0 o 2 s+ g 0
HE 3 |Waci-pc [1007 [0 |1 |20 [o00 process fileis a = =7 s .
10|waci-rc |1008 [0 [1 [20 [oon . | SvsE fl 2 s+ g o0
sevu{l s o Troos o 1w e || SiNGlE (SysEq) file IR
1z|waci-zc [1010 [0 [1 [20 [oon G- AL (OH) 3am 1 =2+ g o0
= Bl AL (CH) 3mic 1 s+ g 0
13[maci-rc [1011 [0 [1 [20 [oon ol ot s P2 0N
UnSpace || 14|wac1i-pc (1012 [0 |1 |20 [oan Kaolinite 1 s+ a o0
23 1 5+ g ]
15|waci-zc |1013 [0 |1 |20 [oon & - B
16|NaCl-BC [101¢ |0 |1 |20 |00O B 1=+ g 0
Bl 1 s+ g o
17|maci-rc |1015 [0 |1 |20 [oo0 & -
18|NaCl-PC (1016 [0 |1 |20 |oo0 Bl Ferrite T g% o B
B--Ch 1 3 + a ]
1s|waci-rc |1017 [0 [1 [20 [ooo < |
20|waci-rc |1018 [0 [1 [20 [ooo
21|KaCl-PC |1019 (0 (1 |20 |o0GO Title: |Pleas=, enter here a title explaining what this chen
c1-zc
Za|MaCL PG 1020 |6 |1 |20 1000 Comment; [PLease, enter here a comment sbout the purpose of th
23|waci-mc [1021 [0 (1 |20 [oon
23|macimc |102z 0 |1 |20 |ooo System: T= 293.15K P=  1.00bar V= 0.1466 L Aqueous: built-in EDH(H): pH
25|waci-rc [1023 [0 |1 |20 |oon

Look up the results

[ GEM-Selektor 3 (GEMS3) - Geochemical Equilibrium Modelling by Gibbs Energy Minimization - [EqDemo :: NaCl_sea:G:NaCl-PC
View Print Window Help

for each step

T_- Modules Record Data Calculate

P&

ot X Y

—
/ W{E‘!& = ” 9 “NaCI_sEa:G:NaCW—PCﬂOM

@ B | NaCl_sear

= v [olE EqlC | Eqeh EqDC | EqSurf | EqGen | ‘16{05/2023, 15:53 |
Syskg |1 |Naci-EC |0 o |1 - - - =
S s T 12 |Pleasa, enter here a title explaining what this chemical system . |
C) e o o 12 |P1ease, enter here a comment about the purpese of this system de. | Volume Mass
Dises || NeCI=EC | 1002 [0 |3 PHnan 11 Xal Ta) phvel phi]
£ 1003 _16_| 1 ola  ag gen 76 1.341241 -5.728505e-09 23.87291 24.36238
|:X & 1lg  gas gen 7 0.003168777 2.4666322-10) 7.23572 0.1003474
i 7 |WaCl-BC 1005 |0 |1 2|s  c3(zF)so.s4H 2 0.03216692 -1.267402e-08 4.693069 13.86603
OBl RacT-re (1006 (6 |3 3|ls  csHO 6 0.3526 1.380564e-08 21.89528 48.55067
ﬂE £l NaCL-BC [1007 |0 |1 4|s  ettringite-AlFe 2 o -1 g a
e 10|WaCl-EC 1008 |0 1_ s|s  ertringire-rez1 2 0 E ) 0 0
df|§aCl-DE |1803 |0 |1 6|s  monosulph-AlFe z 0 -1 a a
% 12|WaCl-EC (1010 |0 |1 7|s  monosuipn-Fez1 z o = a 0
] maci-BG | 104% [0 |3 E|s  straetlingite z o -2.906141 0 0
UnSpace |14|Nac1-PC [1012 [0 [1 s|s  ettringite 2 0 -0.07481823 0 0
13|WaCl-EC 1013 |0 |1 i0|s S04 _OH AFm H 0 249, 0 0
@. 16|waci-pc 1014 [0 |1 11]s  oH 504 AFm 2 o e
Project | 17|NaCl-PC 1015 [0 |1 12[=  s0s_cos aFc 2 0.0290038¢ 1.2439242-08 5.775082 12.01887
18|WaCl-EC 1018 |0 |1 13|s  co3_sos_arc 2 3.8285672-07 1.243082e-08| s.3232482-05) 0.00015836516
15|wac1-pc 1017 [0 |2 14s  nydretale-pyre H ) -8.642145 0 0
20|Nac1-5c 1018 [0 |1 e T 2 o -3.709231 0
21|waci-pc [1019 |0 |1 4 | ,d_l
22|Wac1-2c 1020 [0 |1

NTNU Norwegian University of Science and Technology
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u GEM-Selektor 3 (GEMS3) - Geochemical Equilibrium Modelling by Gibbs Energy Minimization - [EqDema :: NaCl_sea:G:NaCl-PC:1004:0:1:20:000:]

TI- Modules Record Dsta Calculste View Brint Window Help

BEFE=  Clw tew X[

—
._:: / W{ "ﬁ/‘ =) H a “NaCI_sEa:G:NaCi—PC:de:E):T:Z():()OD:

IS
3

B ||NaCl_sea:™
@ = EqIC £qPh | EqDC | EaSurf | EqGen H16m5/2023,75-53

dissolved

Syskq |1 |Faci-Ec |0 t -
S8l acz-o= |2o60 |6 ’lease, enter here & title explaining what this chemical system .. | L.
c) e oot T 'leass, enter here a comment about the purpose of this system de_ | m0|a|lt|es
Process | & |NaC1-EC |1002 |t e = = = T ™ £]] Icnar
GBI RaCT-BC 11003 0|z e 0.07310046 0 -332.7683 —4.291541“_1 e
|:}{ € | Bacl e [0Sl I 1fc B 0.04516236 6.938884e-18 -192.2084 -3.57011 0.0002620798 e
i 7 |NaCl-BC [1005 |t 2|ca e 0.9097157 1.110223e-16 -270.8674 —2.9138 0.001219298|da e
oE|RacT-re (1006 |V, 3lcy e 0.001419216 0 -35.48746 -1.224379 0.0596521 |qL e
m 9 |Nacl-BC [1007 |t 4|Fe e 0.03630263 -5.20417e-18 -151.208 -7.33930 4.57822e-08 (e =
e 10|NaCl-FC 1008 ‘_ s|u n 5.829699 2.775558e-16 -48.69002 -0.409211 0.3897523 n
S| Bact-re |1008 |¢ alx e 0.0175837 0 -134.8157 -0.553752 0.2794137 e
% 12|WaCl-EC 1010 |0 7|ug e 0.02058757 3.263447e-18 —246.6088 -8.812327 1.520562e-09| g e
] maciobg | 1001 |¢ glwa e 0.01478112 1.734723e-18 -126.9882 -0.761784 0.1730674 | e
UnSpace | 14|NaC1-BC |1012 |t olwic a2 le-08 [ -7.637192 -9.62380 2.071065e-10 (it =
". 13|WaCl-EC 1013 |0 10|o o 4.739145 -2.012279e-15 0.198165 -0.394573 0.4031125 o
{ﬁ- do|Nac1-re [10%% |( 113 e 0.02583884 1.964534e-18 -279.3742 -2.61800 0.002409563 e
Project | 17|NaCl-PC 1015 | 12|51 e 0.2701518 £.526281e-17 -363.0882 -4.226134 5.9410%e-05/3 =
G| aCI=RC (1076 | 13zz z 0 5.434982e-19 17.44248 -1.636143e-16|qz z

19|waci-Bc 1017 |0

20|Nacl-BC 1018 [¢

21|waci-2c [1018 |t |

22|Nac1l-BC 1020 |0

m_t [0,0] : Output total disslved molalities of Independent Components in eguilibrium state
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We might encounter some instability problems on the way.
Please adapt the project controls ©

@ Empa .

d Technology

@ NTNU Norwegian University of Science and Technology

GEMS - Convergence problem

This error message might occur :

[ osiPh: 1PM Main Descent: *

IPM convergence criterion tolerance (Pa_DK) could not be reached (more than
! Pa_lIM iterations done);

The reason is the current solid solution model, e.g. for Al-Fe-AFt.
As a workaround there are two possible solutions:
1) Do not use this solid solution. Use the single phases instead.

2) Modify the some of the settings of GEMS as shown on the next slide.
In most cases this should work.
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anvergence Eroblem - workaround

GEM-Selekt (GEMS2) - Geo!
%, Modules Record Window Help

emical Equilibrium Modelling by Gibbs Energy Minimization - [Project : Numerical and Configuration ... e (| x

3B~ T tmlan X V7

Iﬁ{ = || 0 [can:Course:

&, [on:
1 2 et SR |

Config | |26/ﬂalzozﬂ, 13:16 ‘

Sreta ITCSA |Cuurse ‘

|Pa_SEE| Tolerances and controls: GEMSGUI v.3.7.0 and GEMS3K v.3.7.0 |

0

Frocess [Pa or [ 1e-005| [pa 11 7000] [pa_zze[ 20000] [pa ac |

=

[pa pEB| 1=-013] [pa pry| 1=-005] 1e-005| 1e-005] 1e-005 1e-005| 1=-0fs[ 1e-nog|

[paom | 1e—017||pa_Ds [ 1e-020][pa sur| 1e-013] 1e-013] 1e-033] 1e-0fo| 1e-005]

A
[pa_gps| 1e-010] 4.001] [pa_can] 1] 1000] 0.001] [paps [ 10f0]
[rapey]  130] | 4] o| [ranr [ 0.01] 0.01][papws[ 12.§5]
[paem [ 1f[parc|[ 2|[easm0[ 2] 5| 1 |papkr| 1e-010]

3. Minimum amount of stable phases:

2. Covergence tolerance parameter:
use higher value, e.g. 1e-004,
maximum seems to be 5e-003

Do not touch the other values !!! -

use lower value, e.g. 1e-023

1. Smoothing parameter:
use low positive value, e.g. 0.01

‘E => 0.01 works -
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