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Lecture 01
What is GEMS
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Thermodynamic modelling Wemp:

1. Why?

2. Short overview thermodynamic modelling
a. chemical equilibrium
b. modelling software
c. databases

3. What is GEMS?
Installation of GEMS

5. First tutorials
»  Calculation of single systems:
—  Equilibrium C;A, gypsum, portlandite
»  Parameter variations (process)
—  calcite, temperature, ...

B




1 Why thermodynamic modelling?

* Interpretation of experimental results
* Interpolation

« Easy parameter variations: calcite,
composition, ...

* Understanding
— Composition <& hydrate assemblage

Why? => description of hydration
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Influence of limestone on PC o e

=> Quantitative predictions
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2 Thermodynamic modelling

Empa

Example chemical equilibria: Gypsum in a glass of water

Gypsum: Reaction:
CaS0,2H,0 CaS0, 2H,0 < Ca?* + SO,z +2H,0

Solubility product
so = {Ca*}{S0,*}{H,0/{CaS0, 2H,0}

Ca?* SO

{}:

Kgo = {Ca?*}-{SO,2} = 10458

activity; []: concentration

{Ca?*} = [Ca?*] Veazs v Activity coefficient

H,O

Gypsum CaSO,-2H,0

—Asz/_

logy ..=—+
ca® +Ba\/_

extended Debye-Hiickel




@Empa

2 Thermodynamic modelling

Example chemical equilibria: Gypsum in a glass of water

Gypsum: Reaction:
CaS0O,-2H,0 CaS0,-2H,0 < Ca2* + SO, +2H,0
CasS0,0 Solubility product
Ca2t SO,* Kgo = {Ca?*}-{S0O,2} = 10458
CaOH* . o
Complex formation: Equilibrium constants
OH- b K = {CaOH"}/{Ca2}-{OH} = 10"22
K = {CaS0,%/{Ca?*}-{SO,%} = 1023
AHO K = {H*}-{OH?} = 10-14.00

Gypsum CaSO,-2H,0

@Empa
2 Thermodynamic modelling
Chemical equilibria:
1 Concentration of Ca, SO,?
2 What happens if we add KOH? ?
Solubility products
0
CaSO, Ko = {Ca2*}{S0,2} = 10458
Car SO Kso = {Ca2'}-{OH? = 10520
CaOH*
Equilibrium constants
OH- H K = {CaOH*}/{Ca?*}-{OH} =10"22
K ={CaS0,%/{Ca?*}-{S0O,%} = 1023
H,0 K = {H*}{OH?} = 10-14.00

Gypsum CaSO,-2H,0




400

@Empa
Solubility of gypsum S

T Keo= {CaM SO} = 1045

=[Ca?*] +[CaS0O, + [CaOH"] (negligable at pH < 11.5)

Gypsum

{Ca?"} = {SO,2} = 104582 = 0.0051 mol/l (activity scale)
{Ca?} = y*[Ca?'] = 0.42+[Ca?"];

[Ca?*] =10-229/0.42=0.012 mol/l => 12 mmol/l (concentration)
{CaS0Q,% = {Ca?*} {SO,2} * 1023 Dissolved complexes
Cayy

= [Ca?+102% . vcas0 [Ca* P
=[Ca?] + 34 * [Ca?]?

o =0.012 +34*0.0122=0.017 mol/l
o => Calculation easier with geochemical softwares
10 HE P HE: L
: : pH ; () BEMS
@Empa
Solubility of gypsum -
Gypsum
' w Portlandite
U RS
B,
=20 | +KOH?
S L
E |
&
I
sl
10 HE P HE: L
: pH ; () BEMS




Solubility of portlandite
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@Empa

Codes

Complex systems

Geochemical codes needed for calculation:

m Geochemical database
m User interface: problem formulation
m Problem solving

@Empa

Geochemical Codes

Freeware

= GEMS 3.9 http://gems.web.psi.ch/ 7
solid solutions, kinetics, fitting, transport modelling » g’
(Used in this course) §' .;‘?

= PHREEQC http:/www.hydrochemistry.eu/ ¢ &
transport modelling \q:“ £

= MINTEQA2 https://www.epa.gov/ ;? q(?
ceam/mintega2-equilibrium-speciation-model ;5 é’

Commercial products OSQ &5’

= MINEQL+ http://www.minegl.com/ Q 3

m CHESS




Thermodynamic database

/ Generic data

7 ﬂ Cemdata07, 18

* Aqueous phase

(Ca?*, Ca(OH)", ...) AFm AFt hydrogarnet C-S-H
+ Gaseous phase / .
(e.g- CO, (g), --.) SO&A i So“tAF;o/id CsAHs Cay6;SiHy s
* Minerals solution solution
: OH-AFm CO;-AFt CiFSpaHizs CpasSoerHis
oIl / gypsum, CO;-AFm thaumasite i
PINnIns ) hemicarb. Fe-AFt  C,ASeeHisy  C13SHa1r
) stratlingite szloszZm ¥
Al-AFm Al-AFt 1520677725
solid
t solution Cemdata18 additions:
Fe-AFm Cl,-, NOs-, NO,-AFm,

relative humidity, M-S-H,
Data based on solubility measurements at different zeolites, C-N-A-S-H, ...

I + solid ol | isati

@Empa

Thermodynamic modelling
1. Geochemical programme v
2. Thermodynamic data v

3. Problem formulation:

Define quantities of

* water,

+ solids: gypsum, calcite, C;A, C3S,...

* liquids: H,SO,, ...

+ gas: CO, N, ...

.. at the user interface of the respective programme

16




@Empa

Input

e
m Input Recipe of Single Thy ] ic System: portlandit:G:CO2:0:0:1:25:0: Lﬂ

tname I i
Property ~ Selection ReopeM \
Eompos i ﬁro e Mame uanti Units
DCamp (xd_} Aqua BERY Q ty
IComp (biJ) CH4 xa_ Aqua 1000 g
Phase (xp_) coz2 2|xa_ co2 1 q
Kin.lower (dll_) Ca(OH)2 3 Cal0M2 =
Kin.upper (dul_} CaCO3 *a_ a(OH) 9
GO shift (gEx ] Ca0 IB& Gypsum 8 B p
Other Inputs Cas04 T N ‘02 1 IQ 4n

Gypsum

H2 \/

H2s

F2500 0O, added to ensure oxidising conditions

02
503

Input quantities of Compos({itions) contributing to B_
vector

Learn morel

@Empa

Results 1

Solids: amount in g, mol, cm3,...

(GEMS3) - Geochemical Equilibrium Modelling by Gibbs Energy Minimization - [EqDemo = portlandit:G:CO2:0:0:1:25:0:] _‘ 3 - .

rd Data Calculste View Print Window Help

b mthHeaw XM VENa

Q |Iporﬁand|t:G:CDZ:U:D:1:25:01

"I"I"I-I-"I"'_4 ~Tel7 (3 EqiC | Eqph EqDC | Egsurf | EqGen qu,tns,lzmz. 12144
plojoj1]ss o | 1
= !
PHnam Xa Fa phVvol phM
o |a ag gen 55.631449  4.049238e-010 1003.4458 1004.0869
1 |g  gas gen 0.0 44.853204| 0.057896951
2 |s Grapyj o -82.225695 0
3 agonite o ~0.14383216 0 G
s Calcite 0.022715807| 9.95245168-010 0.8389856 2.273557
= lime o -9.7753048 0 0
s  Portlandite 0.092888665 4.112152e-0D08 3.0708992 6.8823719
s mnhydrite 0 -0.22276489 0 0
Gypsum 0.033682935| 2.9568298e-008 2.5157783 5.7992987
= W rate o -0.98902801 0 70
10 |3 Sulphur @ ——— _1lc. 22004 0

pnXs 14.955228




Results 2

Aqueous concentrations (mg/l, mM, ...)

Modelling by Gibbs Energy Minimizati

- [EqDemo :: por

it:G:C02:0:0:1:25:0:]

‘ 1

Window Help

5] L H @ @ * H i |“: J W “]& .=|@ “porﬂandlt:G:CDl:D:ﬂ:1:25:0:

i EqIC Egrh | EqDC

| EgSurf I

EqGen | 200872012, 12:44

) |
V4

/

/|

/
u 'h;mt m .t Ickam

ICnam|b Cb
o c 0.022722315 a 7189.33164 -5.18869589 6.5019116e-006 C - Hl
1 Ca .. 0.1814309| 1.8633089e-017 -266.1702 | —1.4932845 0.032115559(Ca Q-
2 H 111.47254| 1.3788486e-014 -47.838341 -1.4125525 0.038676534 H -
3 o 56.108789|-5.2917973e-015| -4.1667698e-01 -1.0342882 0.092408466 |0 &
L 3 5 0.046464839 Q —267.677869 -1.8937821 0.012770795 |8 .
5 Iz iy 0| 6.07911231e-018 18.220318 a 2.6947074e-018 ZI %

3 GEMS

What is GEMS?

GEMS TM:

Gibbs Energy Minimization Software
for Thermodynamic Modelling 2

10



GEM-Selektor Code Package

GEM-Selektor v.3 is the main part of GEMS. It can:
* perform forward or inverse modeling tasks;

* plot or export the results;

* create GEMS3K input files per mouse-click. "

The usage is organized in modeling projects, each |
keeping the input and results for a given research "
application. Any project can be shared with others. "

GEM-Selektor GUI is integrated with: "
* the GEMS3K solver; "
* codes for calculating thermo-dynamic data at T,P I

of interest; built-in script interpreter; "
* Database management system; "
* graphic presentation dialogs; f
* context-driven help browser; "
* extensive help database. "

=  Default TDBs |

= Modular

= |nteractive

= User-friendly N

=  HQplots

= User scripts N

=  Runtime help N

= CodedinC ++ "

=  Built on Qt5 "

Installers for PC (Windows; Linux; Mac OS X)

(www.qt -project.org)

Equilibria Calculation Mode

To set and compute single equilibrium states, sequential processes,

diagrams, or reactive transport simulations.

" lEqtrm ot o Sl ) =
7= Modules Record Data Calculate View Print Window Help ETE
P i th@n X[ B¢ VA e[ @ R
& [rssomaeeme |
= e e e e
£y [2lcstets (o101 s 0 52 saoe 16 s ss.sseres 5 s27e-08 B
) [ oz = ! SR, BELR.  semumes sosmems
Ao 210+ S 2.3825238e-013  1.8627%- 2.3964167e-013 0.77666985
. sleabste J2Jolt]zft 1028 5 1.3%063842-009 1. 1.3886891e-009 1.0141968
% fe oot Siassseseoty olssase
Yar S olossraesss  o0.077911 0/10030852  0.77666985
. GtDemo. NaOH@ s 2.5686475e-006 2.61828e-06 2.5836258e-006 1.0141968
Single e S e : Vorsiees
xuse s o o 1l0141568
AL NH4+ s o o 77666985
wze s o.00062385846 0.00062745625  1.0141568
on- S 6.5113306e-005  5.08313-05  6.5493588-005 0.77666985
. He z 81e-010 1.33058e-10 1.7117618e-010 0.77666985
. e m208 H olsseassos  1.0002322
SPECIatlon % = ¢ gasgen s g 2.is2e8
x w2 ¢ o o
Peokees G 1.9993761 0.90911798 1
©  olissemis : olososs202 1
. x  ol3sa7iess -
Dlalo 0 0l0032150s69  1.43854 0.0032378278  7.501748
1 olocoz7osszss  0.131306 0l00027212018  7.501743
Zonz+0.5 o olooaoisiss  2.6397 0.003320666  7.501749
Zonz40. 03~ 1 olooo3sisazar 0242583 0.00033386777  7.501749
aps o ol3ssssass 0382441 olse1eic0s  0.sssssaze
S-s  Gibbsice 15 0 “0.007638
ops o o 0382441 o 1
System: T= 293156 P= 100bar; V= 54821: Aqueous: builtin EOH(HY; pH = 9876; pe = 11010; 5= 0100m

—

@ Recipe Wizard: Easy setup of CSD (chemical system definition) for computing
complete or metastable (partial) equilibrium states in the system.

11



Process Simulations

f:> Titration-, Reaction-Extent and Path Diagrams GtDemo:
) nd 4

Proces : Celculation finished OK (clapsed fime. 093 5 =151

Data Samplers

o o o o
0 o 0 12.5 Kaolinite congruent solubility - pH diagram (25 C)
o o o
o o o

‘ oo ¢ //'
! =\

Forward and inverse titrations \hx / sio2@

+

6 =

Easy flow-through simulations s

=
s}

User-defined process-control and 3 P

data-sampling scripts < . ; _—"

Process remake wizards generating //

simple scripts Ve

Results tabulation, copy-paste / A(OH)2

Plotting over experimental data JAOHR s

Saves bitmap or vector plots e ; i ‘ Hee
4 6 8 10 12

pH

G

.,

Database Mode

To manage data records for % IComp: Core data for elements or
elements; compounds; Independent Components (IC)

phases; compositions; RTParm: Tabulates and plots T,P
systems; processes; trends for a one Dcomp or ReacDC
tabulators; references

. ReacDC Reaction-defined data format for Dependent Components (species) = =
DComp: Thermochemical/EoS > e
data format for Dependent 02 (CO3)2-2 aqueous complex
Components (DC, compounds, Sl reeni
species) R L — =
5 Sle |a ot oun b
. iln [ w6 02 (G03) 2-2 cnu
ReacDC: Reaction-based DC data -
VOr 0.631567_- o s
[2ogz |

@
&
1

other ReacDC records (up to 6 —oas10.578]  —2103387.6]
levels of recursion). So0.0%6] Ternaa]
Gets standard-state properties of cpox of S
‘new’ DC from properties of the

18500 —2881221 =

i
8
ki

format. Can refer to DComp or}> i ] — e

reaction and that of other DCs. = e | omo] =
—r T

7| ] E|Ele

Various T extrapolations of the
properties of ‘new’ DC.

JULY_GEMS:2009:dat: Iog®, dHr

12



Default ThermoDynamic Databases

New modeling projects can easily be created using default TDBs.

PSI/Nagra

[Thoenen ea]

12/07

TDB

¥ Basis configuration of a new Modelling Project MyWork A==
~ Step 2: Select Independent Components (not avaiiable if shown in ight gray color) - ~— Additional —
1 m m v v v vo v E
1|n He
2 | u Bel u| c [l o P Ne
sfw [w [w[7s el ST e[ af
o « | ISl cr |un fe |co W
4 cu lnl Ga| Ge| As| se Br nl
5 R [sr ¥ zZx | wb flmo ¢ ||Ru  Rh | Pd —I
sl ao| | m| = s o 1% |
6 |cs [Ba  REE| Hf | Ta |w |Re | 0s | Ir | ot |
6a Au| Hg| Tl e B w0 m[ Rn
7 # |ra | AcT W i
I I I i e [
3 I I e e e ey R e
Learn more Set Fiiters

=

g

3"-party:
Cemdata’18

HERACLES

www.empa.ch/cemdata www.psi.ch/heracles/heracles

L.
o
w
-
o

.‘;"

logK at 1 bar 25 C, enhanced with
Ecorrections from SUPCRT

Complementary:

SUPCRT (Slop98) %

www.asu.edu/geopig

Phase Definitions: Connections to Chemistry

%) Realistic models of phases for realistic systems!

i Aqueous electrolyte (ion-association or SIT)
v m  Gas (fluid) mixture; plasma

"
nl Pacet

Page 2 I Page 3 ] 14/03/2014, 15:25

«®=  Solid solutions, melts "
.= Sorption (+ surface species) "

CSH-quartenary model
cement database

» = Non-ideal mixing in solutions 2 2 2 £
"= Pure condensed phases EILREA0 1 im #il

i Particulate/porous phases N v s

n e Models of mixing: built-in, or user scripts ; e

vm  Phases are built from DCs |
"= Automatically assembled ideal gas mixture :
i and ion-association aqueous phase in the:
" project database 0

_ [ reo setings | [17/03/2019, 16158
m Compos: Predefined Composition Tricalotum silicace T mol
Object (PCO) records (e.g., rock, fluid) cmest fans
to simplify Chemical System | o-zze3 g ° ° E °

Definitions (CSD), as well as Process

simulation control scripts.

[ synIc[eco | synrc[cIc[cr
o [ca - o [ca M |
E [2 si -|u |

bl w

13



PAUL SCHERRER INSFITUT

A GEM Software (GEMS) H
I nsta I Iatlo n of G E M s 3 @j Paul S(he:er In:i::l 5232 Villig‘:l\m:sl, Schweiz | Tel. +41 (0)56 310 21 11 | Fax +41 ((

1) http://gems.web.psi.ch/ et somare ome | (4
2) GEM Selektor vy | il GEMS:

Gibbs Energy Minimization Software for Geochemical Modeling

3) Click on «download»,
«click here to register...»,
give your details and

See presentation (pdf). Why GEM-Selektor and GEM Software? See
urrently, GEM Software includes three code packages and a default thermodynamic dat;
* GEM Selektor v.3 (GEMS3): the interactive cade package for geachemical modeli

GEMS Default TDB
* GEMSIK: the standalone code for sohing for geochemical equilibria (with TSolMod

TSolMod Library
4) — | GEWNSEIT the generic parameter-fiting code coupled with the GEMS3K code

Publications
* GEMS TDB: the default chemical thermodynamic database of GEM-Selektor pack:

U/
GEM-Selektor v.3 HTTP Download Page

Your GEMS3.9.x GEM-Selektor package download registration form has been submitted successfully

Please, download and read the Installation instructions (pdf). Some useful hints may also be provided in the Technical Info page.

Please, use an appropriate direct link below to download the actual revision of the package (save the file to disk):

(offline installer) | GEMS3.9.6 for Linux-x64 (offi

Default locations: Starting from GEM-Selektor v.3.8.0, the installers for Windows are built using the Qt Installer Framework. To avo
with user access rights in Windows 10, the default install target should be in the user (home) folder (C:\Users\<smyuser>=\GEMS3); th
location of user's modelling projects is also in the user folder (C:\Users\=myuser=\Library\Gems3\projects). In MacOS, default locatiq
program (/Users/<myuser>/GEMS3/Gems3.app) and the users projects (/Users/<myuser>/Library/Gems3/projects/) should be chos!
those in Windows10. Such locations for user's projects (in Library/GEMS3/projects) persist even after the GEM-Selektor code will be)
completely removed using C:\Users\<myuser>\GEMS3\MaintenanceTool exe. 27

Installation Windows
- GEM-Selektor v.3.9.6 (Windows 10,11) installer. (¢) 2023, PSI GEMS Development Team Einrichtung

Installationsordner
Einrichten - GEM-Selekt.. “
) Bitte geben Sie das Verzeichnis an, in dem GEM-Selektor binary package (Windows 10)
Installationsordner installiert werden soll.

[c:\sersyiot\GEMS396] | |purchsuchen ...

» Install the programme in C:\Users\"username’ \GEMS396

The creation of a new folder avoids, for those who had GEMS previously installed, problems with old|
versions of the thermodynamic databases (tdb).

* 1 Do NOT install it in the programme folder ! Problems with administrator rights in windows

« Start C:\Users\"username’ \GEMS396\Gems3-app\gems3.exe
Hint: add it to your task list

» Projects under C:\Users\"username™Library\Gems3\projects
28
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Modules Window Help

RTparm

Phase

Compos

Opens existing projects
Bomp Creation of new projects

£ <@

|m GEM-Selektor 2 (GEMS3) - Geochemical Equilibrium Modelling by Gibbs Energy Minimization

Modules Window Helg

B

& E

IComp

&

DComp

*

ReacDC

Eiy

RTparm

“

Phase

'

Compos

W Modeling Projects |

Selektor modelling projects: Select one to open, or click 'New Project...' to

AluSiOMSA MUSICAluminaSilica

AragCalc Aragonite-Calcite

BermanMSS TestsMultiSiteSolidSolutions
Ca-Sr-CO03 Solid solutions
CalDolCol2GEMZMT-test

CarbSea CarbonatesAndSeawater
Flowline test project gemZmt

GEQOTHERM Soultz 1

Kaolinite Test-JNC

Kinetics Mineral-Ag-Reactions

Kyanite MylstProject

SIT portl BU181104

Solvus test project solvus
TestPNTDB Test-P3I-Nagra-TDB-07-12 —
TestPR test project PRSV fluid

TestSITPAA Test—SITRPCRTOR-Tinked .:J

[~ Retain setup of aqueous (and gas/ [ Activate Project Remake wizard

[~ Change file configuration of the sel

[ Create a new project using the seli [ ATA mode (sin[ Smart 1A mod

Make a new project:
("‘ by copying records from default d © by linking files from the default d.

(Re-calculate and save all equilibria (

‘ Open Project ) New Projectl Learn more Cancel

30
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Installation of cement database

1. Close GEMS

2. Get cemdatai8 at https://www.empa.ch/web/s308/thermodynamic-data
® & https://www.empa.ch/web/s308/thermodynamic-data 67% - 9 W ‘O\ ‘Surhen

istbesucht (@ Erste Schritte

R AL

Empa > 700 - Functional Materials > 308 - Concrete / Construction Chemistry > Research > C > CEMDATA >

Thermodynamic data

EMPA

700 - FUNCTIONAL MATERIALS )

308 - CONCRETE / CONSTRUCTION et A

CHEMISTRY
>  OVERVIEW Thermodynamic data for hydrated solids in Portland cement system (Ca0-Al,05-Si0 CaSOs- :;::;?;ii:i;it‘:m”bm
w  RESEARCH (CaC03-Fe;03-Mg0-H0) Projektleiterin / Adjunct Prof.

v CEMENT HYDRATION
Hydration
Thermodynamic modeling
Interaction with environment
v CEMDATA
Thermodynamic data
Tutorials

References

Ternary diagram

- New version CEMDATA 18.1 available -

The first version of the cement specific cement database Cemdata was published in 2007-2009.
Since then itwas updated several times; the last update has been published in 2019 (Lothenbach et
al.2019)

Cemdata18: A chemical thermodynamic database for hydrated Portiand cements and alkali-
activated materials

Cemdata18 database has been developed specifically for hydrated Portland, calcium aluminate,
calcium sulfoaluminate and blended cements, as well as for alkali-activated materials. itis available
in GEMS and PHREEQC computer program formats, and includes thermodynamic properties
determined from various experimental data published in recent years. Cemdata18 contains

NTNU

Phone: +41 58 765 4788
barbara.lothenbach@empa.ch

Downloads and Links

* GEMS PSI

« Cemdata18.1 for PHREEQC
* CEMDATA 1401

thermodynamic data for common cement hydrates such as C-5-H, AFm and At phases,
>  EARLYAGE CONCRETE hydrogarnet, hydrotalcite, zeolites, and M-S-H that are valid over temperatures ranging from Otoat ¢ CEMDATA 14.01 overview

laact 1ANSE Galid caliitinn mndale far AGm ACH £ € L and M € L ars alen indhidad in tha aaea

3. unzip cemdata18 database

31

Installation of cement database
1. Close GEMS
2. Get cemdata18 and unzip folder

3. Copy all files (without folder!) from the folder Cemdata18 into the directory
C:\Users\"username”GEMS396/GEMS3-app\Resources\DB.default

4. Open GEMS and cemdatabase will be available for «new projects»

~ T’ C:\Lisers\lo%\GEM5396\Gems3~app\Resources\DB.cfefauIll

~

GEMS396 ~ Name Anderungsdatum Typ
Gems3-app .j compos.3rdparty.cemdata.aam.veri8.01...  17.09.2017 09:05 NDX-Datei
iconengines || compos.3rdparty.cemdata.aam.ver1801...  17.09.2017 09:05 PDB-Datei
imageformats | ] compos.3rdparty.cemdatapcver1801.ndx  17.09.2017 09:05 NDX-Datei
platforms _| compos.3rdparty.cemdata.pcver1801.pdb  17.09.2017 09:05 PDB-Datei
Resources J compos.3rdparty.claysorver18-12v0.1.ndx  07.07.2020 14:45 NDX-Datei
data ,J compos.3rdparty.claysorver18-12v0.1.pdb  07.07.2020 14:45 PDB-Datei
[] compos3rdparty.phosphatever19.02ndx  25.05.2022 11:12 NDX-Datei
dic | compos.3rdparty.phosphatever19.02.pdb  25.05.2022 11:12 PDB-Datei
|| compos.psi-nagra.pco.genericver12-07.n..  07.07.2020 14:45 NDX-Datei
e [] compos.psi-nagra.pco.genericver12-07.p.. 07.07.2020 14:45 PDB-Datei
img 0 compos.supcrt.pco.inorg.ver1998.ndx 07.07.2020 14:45 NDX-Datei
projects [7] compos.supcrt.pco.inorg.ver1998.pdb 07.07.2020 14:45 PDB-Datei
visor.data _1 dcomp.3rdparty.cemdata.ver18.01.ndx 09.10.2017 10:56 NDX-Datei
sqldrivers || dcomp.3rdparty.cemdata.ver18.01.pdb 09.10.2017 10:57 PDB-Datei
stulac | dcomp 3rdpartv.clavsorver18-12.:0.1.ndx 07.07.2020 14:45 NDX-Datej 32
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Additional databases available at

ht

tps://www.empa.ch/web/s308/phosphate-data

ht

tps://www.empa.ch/web/s308/zeolite

>
>

v

RESEARCH
OUTREACH TEACHING
INTERACTIVE MATERIALS
> CEMDATA
PHOSPHATE DATA Phosphate: Mg-K-PO4 (+ Ca, Al, Na, NH4 (coming soon),
ZEOLITE
TERNARY DIAGRAM

3D-IMAGING ANALYSIS AND
MODELLING

Zeolite21: Na, K and Ca-zeolites

Zeolite 21: if used together with Cemdata18, deactivate in "Phase" the
zeolites included in Cemdata18 database (Chabazite, ZeoliteP, Natrolite,
ZeoliteX and ZeoliteY) to avoid including the same solid twice.
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[ B GEM Selektor 3 (BEMS2) - Geochemical Equilibrium Modelling by Gibbs Encrgy Minimization - [EqStat:
s - . e -
GEMS structure Aules Record Data Celculate View Print Windaw Help
B B[ Tt X[V E
calculations py N |nnacn s Input: System Defiton  Rests: Equibrum State |
[ 2 Jafs]s[7 [e
/ SiEa T cozfo 0125 [0 Phase/species ElE
E--a ag_gen 22 a
e f*) Eeg  gas gen 5 g
E l / AL .8 Graphite 1 0=
M Process - Aragonite 1 2|
| SeLexTor I ~8 Calcite 1 g
S{ et lime 1 =]
et Portlandite 1 =]
ébeme |- Single calculations | @ s  ashydrite 1=
Thermodynamic database mE e (Gvpewm £ =
s hemihydrate i =
. @8  Sulphur i =
for experienced users TEELF
A
- Project
{8 GEM-Selektor 3 (GEMS3) - Geochemical Equilibrium Modelling by Gibbs Energy Minimization - [DCamp : Thermochemical/ECS data fo.. [ )
Wl Modly Record Record List DatabaseFiles Window Help —[=] =]
i
ﬂ@!oﬁ'ﬁump ;]‘ [} B H @ ﬂ X H LA E “m{ = ! a 5:Ca0H: Portandite:dn_:
/&g [
%’ i = 2 2 Page'1 Page 2 | |29/08/2012, 12:38 |
Womp 14 [gls2  |Hes en .
5 [ [co G i |Partland1te
3 |s [CaCO |Arg dn_ [caicm 2
bcomp |45 [CaCO|Cal dn_
5 |z Ca0  Lim ce. [mo 74.0027) 2z | o] [ab - |
6 = CaOH |Portlandite dn_ [
7 |s|Cs50 |Anh dn_ [voa | 3.306] o] I
ReadDC g 1: [Cas0 |Gp dn_ d
9 [aw. e e [goa | ~897013| =)
10 |a [ H20@ an_ |noa | -934675 ———| 24
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Access Idatabase

Ope ns rm GE MISeIelnor 3 (GEMSS) Geachemical Equilibrium Modelling by Gibbs Energy Minimization - [EgStat: Single Thermodynamic System in Project
projeCtS\ odfles Record Data Calculate View Prmt Window Help
Nl B~ N =A™ )
Single - | B, Jportandit:= ;%55 5% Input: System Defintion  Results: Equibrium State |
. 3 [4(5]6|7 |8
calculations SysEq E E E E EE' | Phase/species 11. hhmmmt (mol) hngSI,'Ac:
rg; a ag_gen 22 @& 55.631449 =1.754=-13
. g gas _gen 5 g 0.0018093475 -3.6162-1]
Processes:—y ‘\-] = Graphite 1 so0 -g2.23
programmingl Process 3  Aragonite i =0 -0.1438
a Calcite 1 s 0.022715807 9.954e-10
of single ){ s lime 1 s0 -9.776
g a Portlandite 1 2 0.092888665 4.112e-08
calcualtions GtDemo 3 Anhydrite 1 so0 -0.2228
s Gypsum 1 = 0.033682935 2.957e-08
ﬁ s  hemihydrate i so -0.989
o s Sulphur i so -116.3
Numerical ‘%}
settings I S
Normally
not used
35 |
Clone record
Next/previous ‘ Check for tooltips
Create new Single calculation conflicts results
record delete | recipe
\ save \ calculate
rm GEM-SE\EHOIHGEMSS)-Geochemlcal Eun’lM lling byN)bsEne& inirfizati LEq pat:: ingle [hermad: amicSystem in ﬂiﬂ"'£ irtlan]
I-Modu\es Record Data Calculate View P d_awelp y
B &8 Foe i+l X[ [ B ] l\ 1V | @ i
Single — ‘i pactisnit: S Input: System Definition Results: Equilibrium State ]
. 3 |4 708
calculations Syetq ! Zl ' l ! E Phase/speciss IL ITIAmnunt (mol) IlchI/‘Activity
rg a ag_gen 22 =2 55.631449 -1.754e-11
) g gas_gen 5 g 0.0018093475 -3.616e-11
L W Active single =  Graphite i 38 -82.23
Process s Aragomite i a0 -0.1438
1 calculation s Calcite 1 3 0.022715807 9.954e-10
){ =2 lime 1 30 -9.776
=2 Portlandite 1 3 0.092888665 4.112e-08
Gthemo s Enhydrite i a3ag -0.2228
s CGypsum 1 = 0.033682935 2.957e-08
m; s  hemihydrate i so -0.939
S s  Sulphur i sao -116.3
Project
Continue with tutorial C3A
36 |
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