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First Tutorial - single systems: hydration of C;A
OEmpa

Hydration of C;A (CasAl,Op)"

1) Simulation of reaction C;A + CaO + CaSO, Guided tutorial

2) Simulation of reaction C;A + CaO + CaCO;,

Individual

3) Simulation of reaction C;A + CaCO, "
wor

4) Simulation of reaction C;A + C + CaSO, + CaCQO;

See Seligmann & Greening ICCC 1969 and various papers by Kuzel et al. (Kuzel & Péllmann CCR 1991, Kuzel et. al
CCR 1996) for experimental verification

" cement notation C=>Ca0 A => AlLO;
S =>Sio, H=>H,0
s => SO, c=> CO,




Hydration of C;A + CaO + CaSO, - project setup

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

B8 ]| M Moseling Projects —

x| GEM-Selektor modelling projects: Select one to open, or click 'New Project..” to create

[AluSioMSA MUSICAluminaSilica

(o AragCalc Aragonite-Calcite )
C:\Users\ BermanMSs TestsMultiSiteSolidSolutions

Ca-5r-C03 Solid _solutions

CalDolCol2GEM2NT-test
CalcDolo GEMS3K-test-example
DComp CarbSea  CarbonatesiAndSeawater
Flowline test project gem2mt
GEOTHERM Soultz_1
Kaolinite Test-JNC
Kinetics Mineral-Aq-Reactions
Kyanite MylstProject
PitzTest NaCl_CO2
SIT portl BU181104
Solvus  test project solvus
MyWork  MylstProject
NaFesiOH MylstProject
R8_jan  Ellina 2022
Re_july R8_Ellina
SI-MASH  E11ina2014
test2 o
tsat MylstProject J

o St e e Re-calculate and save all equilibria (SysEq) using:

Compos ™ GEMStest export IV Without speciation
[ Change file configuration of the selected project

I™ Recalculate all equilibria I™ Dump results into a text file
I Activate Project Remake wizard Use a mode of GEM initial approximation (guess):

~ i : r ’ - o
™ Create a new project using the selected one as a template Automatic cold-start (simplex LP) Smart warm-start (previous speciation)

~Make a new project:

© by copying records from default database by linking files from the default database

Open Project | New Project I Learn more Cancel

Hydration of C;A + CaO + CaSO, - project setup
@Empa

sk e and

m Project: Enter a new record key, please X
[cancEms23:

C3A Name of the modeling project
|GEMSZ3| Comment to the project definition
| Ok | Reset | From List | Help Cancel




Hydration of C;A + CaO + CaSO, - project setup

@Empa

Select CEMDATA18 (3™ party data base)

| B Basis configuration of a new Medelling Project C34

Step 1 - Selection of databases, data subsets, phase type filters

—Phase/DC Filters

I™ ! Liquid hydrocarbons

I™ skip solid sclutions

< Back || Next > I Cancel |

Built-in Database |verszon
I¥ Aqueous electrolyte 18.01
¥ Gas mixture S
. - 1g8.01
V' Nen-ideal fluids
" Plasma b
[ cosaline soiics B0
I Dispersed solids 1001
18.01
¥ Liquids, glasses ‘[ =s-£e3 18.01
Lt 33 18.01
I™ silicate melts #[] claysor 18-1z.v0.1
[] shosphate 19.01
I™ serption, lon g #f [ psi-nagra ] General psi-nag
E-[] supcrt
I” Polyelectrolytes B[] support

Recommended selection for PC and blended cements

ra database

Hydration of C;A + CaO + CaSO, - project setup

Select elements necessary to model C;A hydration

I8 Basis configuration of a new Modelling Project C3A

?

X

S~

RN

~ Step 2: Select (not if shown in fight gray color) - w
Nit -
1
2
3
: =
5 Q
&
6a Au Hg il Ph Bi Po) At Rn
T T Ra ACT I Isotopes =29
Lai | ce | er | nd | P || sm || Eu || Gdi || 7D || Dy | Ho | Er | am
ac| m|pa| v|mp| Pu|lam| om| Bx | cf vo | L Vol |
Learn more Set Filters

< Back ” lla:t:-" Cancel |
4

WEmpa

Jreactive N”
(don't use here)

RN

Air: O,, N,, etc.
(no reducing
conditions,

N, not reactive)

we can also use
just oxygen (O,)

needed for parts
2+3 of the
tutorial




Hydration of C;A + CaO + CaSO, - project setup

®Empa
Select model for calculation of the aqueous phase

[8¥ Setup of aqueous and gas phases in project: C3A 7 e

Select Aqueous Electrolyte Model | Select Gas/Fluid Mixture Model |

" Ton-association (IA) with Davies equation, D (default) Parameters for
the aqueous phase model

& 1A with extended Debye-Hueckel equation (Helgeson), common b_gamma and a0, H
A TR ™ b_gamma(1,298) value:

b_gamma, individual ag, 3 0.123 B

1A with extended Debye-Hueckel equation (Karpov), com

" 1A with Debye-Hueckel equation, no b_gamma, individual a0, b_gamma(P,T) mode
" 1A with Debye-Hueckel limiting law (very low ionic strength), 1 KOH - 2) f(pressu re' tem p)
Corpmon a0 vakie: -> electrolyte
" Do not generate; select a user-defined Phase record from database { @, WZ ), U
3.67 -
" Do not include aqueous electrolyte phase into the system definition, N
Gamma (neutral spacies; —
Phase record key: [a AQELIA aq_gen aq EDH_H ¢ peces) a0=3.67 fOr KOH
= Calculate as b_gamma=I5 ~

b0= 0.123
Gamma (water solvent)
From osmotic coefficient v | — CG[CU[GteS

Molality conversion

2 Applied to all species v

Cancel 1. Check eemmee [) More details

activity of water

Activity coefficients
OEmpa

Solubility product e. g. of gypsum
Kso = {Ca2*}-{SO,2}{H,0}?/{CaSO,-2H,0}
KSO = {CaZ+}.{So42—} = 10458

{}: activity; [ ]: concentration
{Ca*} = [Ca"] ' <« Activity coefficicient

Correction of concentrations by activity coefficients, as
the ions ,feel” their neighbours (other ions, solvent).
Activity coefficients depend mainly on:

= jonic strength

= other ionic species

= temperature




Activity vs. ionic strength

- selecting the right aqueous electrolyte model @Empa

—AZNT

Debye-Huickel logy ., =———— lionicstrength 1<01M
ce 1+ Ba1
Extended | _ A7 \/_
Debye-Hiickel 08y, 2o =——F—
ebye-Huicke ca +Ba\/_
common a, common b (Helgeson) I<1-2M
individual a, common b (Truesdell-Jones) I<1M
T | <0.3M
individual a, no b
Davies logy, . .. =—AZ*( VI -0.3]) 0.1<1<0.5M
Ca +\/_
SIT logy —AZ*V1 ng
S 1<3M
@ 14151 ¢ <

The calculation of activity coefficients is available as built-in function in the GEMS code.
For a detailed overview of different activity coefficients see:
CA\GEMS36\Gems3-app\Resources\doc\pdf\Activity-Coeffs.pdf and references therein

Hydration of C;A + CaO + CaSO, - project setup

=

;I- SysEq: Please, enter a new record key: - M

]C3A:G:C3A7Cs:0:0:1:25:0:

+—> Project name

Temperature, C (>= 0) \‘\> Pressure (bar)
0 Variant number for additional constraints =

—> Temperature (°C)

Reset ‘ From List I Help ‘ Cancel J

o

Avoid special sighs suchas $ & % 46 (i 3 @ If

@Empa

C3A Name of the modeling project .
5 Method (Gibbs free
G Thermodynamic potential to minimize {G GV}————— ] energy minimization)
Name of the chemical system definition (CSD) System definition
CSD (recipe) variant number <integer> Int (default 0)
nteger (defau
0 Volume of the system, dm3 (0 if no volume constraint) —_|
— System volume
1 Pressure, bar, or 0 for Psat{(H20)g \ unconstrained

10




We need a receipe

[B Input Recipe of Single Thermadynamic System: C3A:G:C3A-Csil:0:1:25:0:

Title: ||c3A +Cas04 I comments

Comment: I

More co

Property [~ Selection Recipe input

mments if you like

DComp (xd_)

Property I

Name ] Quantity ]

IComp (biJ)
Phase (xp_)
Kin.lower (dll_}
Kin.upper (duf )
GO shift {gEx )
Other Inputs.

Input quantities of

Compaes(itions) contributing to
B_ vector

-Learn murei

Print I 0K J Cancel I

Hydration of C;A + CaO + CaSO, - system creation (recipe)°
L -

Hydration of C;A + CaO + CaSO, — system creation (recipe)

1 Reaction of C;A with calcium sulfate

59 CA +252gCasSO, + 2.5g CaO + 50 g H,0

+ 0.1 g O, (oxidizing conditions, CO,-free = no carbonation)

molar ratio SO;/Al,O5 = 1, molar ratio CO,/Al,O; =0

Reaction products?

Expectation: monosulfate
Ca,Al,04,50, 12H,0

No ettringite

CagAlL,045:0,, 32H,0

Equilibrium speciation

@Empa

12




Hydration of C;A + CaO + CaSO, — system creation (recipe)

@Empa
W
l! Input Recipe of Single Thermodynamic System: C3A:G:C3A-Cali0:1:25:0: x
Tile:  |caa+casos |
Comment: ‘-—-
Property Selection Recipe Input
Lompos (xa ) Propel Name Quantit Units
TComp by ANOH]3 CaC03 perte | X
IComp (bi_) Al203 1|xa_ | Aqua S0 g
Phase (xp_) 2|xa =k 5 ]
5 CasS04_05H20
Kfn.lawer (dil) = e 3|xa_ ca0 s g
Kin.upper (dul ) yp!
GO shift (gEx) LAA3s H2 4|xa_ Caso4 2.52 g
Other Inputs cA H2s sixa_ o2 0.1 g
cAZ H2504
cHe A bit of O, to
o2 08 guarantee oxidizing
Ca(QH)2 e
Mk conditions
Input quantities of Composiitions) contributing to B_ vector ( | Li

Learn more

Print I OK iI Cancel |
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Hydration of C;A + CaO + CaSO, — system creation (recipe)

@Empa

Check system definition w *kd@m « + O

we keep carbonate in
this example

=> adds a very small
amount of C (102 M),
has a negligible effect

HOVE =@

n CIAGCIA-Celel1:25:0:

X
Missing ICs CONFLICT WARNING! EXCLUDEALL'
| Mole amounts of some Independent Components {IC)
[ C? are missing in the calculated bulk composition vector m
(B_[il < Pa_DB)!

=]

\

b

POSSIBLE ACTIONS:

* EXCLUDE ALL these ICs together with DCs that
contain them and some Phases made of those DCs;
* RETAIN ALL missing ICs by inserting a default
mole amount (below) into bi_vector cells;
* CHECK some boxes to keep these ICs in the
system by inserting a default mole amount into bi_:
unchecked [Cs will be tumed off together with all

DCs that contain them. Learn more...

—
b o | (I Cancel
Cefault amount, mol (editable):

di




2 equivalent input options

GEMS interface Recipe wizard (previous page) /Detailed input recipe

. / @ Empa

8 GEM-Selektor 3 (GEMS3) - Geachemical Equilibrium Modelling by Gibbs Energy Mm@mmn lza{ac Single Thermodynamic System in Project C3A |

IF Modules Record Data Calculate View Print Window Help
B |rgespem |h + o @ 7<H WVEIH& Ho"csmcnc;omzﬁu

Input: System Definition | Results: Equiibrium State |
BEEBEE

Prase/species | [=[z[en/fuc [2da te 2c]us [60 corz. [ux [Lower ke [upper xc [&e tvpe
/ e % =+ ¢ 0 T o
r& 6 g+ g O 70
. PR o 7 0
Brings you \_) i i 21 G e -
always back v e RN I s

hydrates relevant to
o the system

= cars Ca0-Al,0;-CaS0,-
o comnis CaCO,—HzOSmCIuHéd

Y - CO3_ 504 3 3 ¥
to this screen e EoalEa all main cement
GtDemo 2

2
2

UnSpace B C42H1S L + 3
- CaHLO 1 s+ g ) i
S - C4RsH10S 1 s+ g o0 3 o
ﬁ - C4RsHIZ 1 s+ g 0 a0
[ C4AsH14 I s+ g o E)
Project B C4RaH1E 1 s+ g o g ¢
1=+ g O )
: 1 =+ g 0 5 o
o 1 s+ g o T o
s 1 =+ g 0 a0
[ 1 s+ g o0 3 @

Twe  [can +casos T

System: T= 298.15K; P= 1.00ba; V= 0L Aqueous: built-in EDH(H); pH = 0.000; pe = 0.000; IS = 0.000 m
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Hydration of C;A + CaO + CaSO, — system creation (input)

. __ 9Empa
Input: System Definition | Results: Equilibrium State | e On/off switch for phases e pm ans ey

LI_J\ |’(On/)UC |Add to BClUG ‘GO corr. ‘U‘K lﬂ
s+ g 0 Jg 0

Phase/species
B ttringite
ettringite

ettringite30
#-SO4_OH_AFM
#-OH_S04_AFm 2 s
Sof‘ AFt X = [S04_Co3_AFt 2
solid solution tricarboalu03
Liringite03
30-32 H,0 A€03_S04_AFt 2
e tricarboalu03
ettringite03 ss
Al (OH) 3am
:~Al (OH) 3mic
Gibbsite
Graphite
Mayenite
Aluminate
ca
caz2
C2AHTS
C3RH6E
C4AH11

C4AH13
canats Monosulfate wtth

CAH10 different water:content
1 C4AsH105 S <+ 1

CansH12 (relevant for low w/c)
C4AsH14 =1

7 CAAsH16
1 CAASHO

SO,-AFt
with less water # CAAcH9
Hoofioee # C4AC0.5H105
(metaettringite; cunee SEe
for low water # C4Ac0.5H9
we-CAACHTT
content

| = ideal solid solution

D

I A

QB RaQ

umber of components
1: pure phase
> 2: solid solutions

2 AFt solid solutions
containing
sulfate+carbonate

aoaLaagay

©oocooocoococoo

@@
Y =y
O 7N R R I SR
tauavawagaa

Soooooooo

J = junior end-member
M = major end-member
of solid solution

B RS R R R
socococococooococoooo

Y
2w v

A e T
TQ@@QeQQayw
soocoooco

y : -
< | »

System: T= 29815K; P= 1.00 bar; V = 0 L; Aqueous: built-in Davies; pH = 0.000; pe = 0.000; IS =

16




Hydration of C;A + CaO + CaSO, — system creation (recipe)

Experimental conditions: React 5 g C;A, 2.52 g CaSO, and 2.5 g CaO
with 50 g water (add 1 g O, to simulate gas phase)

] +H@$ 7(! ¥ Q WE M\/"g_‘ ‘G\BA'm(:G.CBA{s

Detailed input recipe

@Empa

Wil it

Compos DComp ‘ Phase | 1Comp | Surfaces ‘

C3A + CasO4 =

o Description of experiment

|Masses| 0 1 Al 1 0

Volums 1 1 |[Procs 0 0

AC |CCvp

0 |+ |AlL(OH)3 MIN Aluminum-hydroxide.. |g 0 —

[1 |+ [a1203 MIN Aluminum-oxide 1M_ |g 0|

2 |+ |aqua AQ 1 mole H20_ g 5

3 |+ |ciza7 MIN Mayenite 1M_ g 0

s |+ |caa MIN Tricalcium alumina.. g 5

[s |+ |can3s MIN Yeelimite IM_ g 0 Input generated before

6 ¥ CA MIN Calcium_aluminate_..|g 0 . .

7 [+ |eaz MIN Calcium:dialumina;.. g 0 = by the mPUt wizard .

[6 |+ |cna GA Methane 1M_ g 0 :>' 2 equivalent options

(o |+ |co2 GA Carbon-dioxide IM_ |g 0 to input data

(10 [+ |ca(om)2 MIN Calcium-hydroxide .. g 0

T+ CaCo3 MIN Calcium-carbonate_..|g 0

12 [+ |cao MIN Calcium-oxide_IM_ |g 2.

13 [+ |caso4 MIN Calcium-sulfate 1M |g 2.52 1>

|14 |+ |casos_osuz0 MIN hemihydrate IM_ g o — —

15 |+ |cypsum MIN Ca-sulfate-2H20-1M_|g 0

(16 |+ |n2 GA Hydrogen_1M_ g 0 17

Ti’ H2S GA Hgdro en-sulfide 1..g 0 v

. . .
Hydration of C;A + CaO + CaSO, — system creation (recipe)
@Empa

Experimental conditions: React 5 g C;A, 2.52 g CaSO, and 2.5 g CaO

with 50 g water (add 1 g O, to simulate gas phase)
Calculated during check

i+ @® <35 EFVEIN = | @ crecroosime

Compos | DComp | Phase | Surfaces | Config |24,’D4/2[)19, 16:

. Summary of input in mol
IC | ICvp B bi
0 [+ |AlL e Aluminum 0.037010516M 0
I+ |G e Carbon_ le-0095M 1e-009
2 + |Ca Calcium 0.11860702 M 0
3 + Hydrogen 5.5508373 M 0
4 + o Oxygen 3.0113217M _
- Al/SO, = 2
5 |+ e Sulfur_ 0.018510003|M A/S = AL,O,/SO, = 1
6 [+ |2z z Electric cha.. 0[M ‘ OI 18




Hydration of C;A + CaO + CaSO, - calculation of equilibrigm
Empa

Experimental conditions: React 5 g C;A, 2.52 g CaSO, and 2.5 g CaO
with 50 g water (add 1 g O, to simulate gas phase)

: R e N
| Q Running. d W |
Start Calcu{atlon GEM IPM calculation (run time: 0.19s) |
ot X[ FEAVE V= 0] 0% |
== . |
I Mosul ystem: li
Z:i g |C3A:G:C3A-CS:D:D:1:25:D: I,
"= [ EosIPM: IPM Main Descent: X
SysEq IPM convergence criterion tolerance (Pa_DK]) could not be L
fa) I reached (more than Pa_lIM iterations done); 1
Convergence problem =~ :
can occur I:}{
1) Can be solved in «projects» == e
by setting smoothing ﬂf [ 12.4786| talciun al
parameter to 0.01 feleloiel imite 1M

: . . | 820314 | {imite 1M
2) Remove solid solution with =

only 1 solid

Unspace

, Cancel lane 1M , o

GA Carbon-dioxic

anvergence Eroblem - workaround

GEM-Selekt {GEMS3) - Geothemical Equilibrium Modelling by Gibbs Energy Minimization - [Project : Numerical and Configuration.. — (| x

_!2., Modules Record Window Help -J_ﬂ&
T I = | P <
PBrm S tREw XV A =@ e

T | 8 [onr:
[
i) T : PLists setings | confg I;zsfna/znzu, 13116 |

SysEq

p) ITCSA ICuursa ‘ |Pa_SPE| Tolerances and controls: GEMSGUI v.3.7.0 and GEMS3K v.3.7.0 |
R

[ra ok [ 1c-005 |pa_11u] 7000] [pa zn6] 30000 [ra a6 | 1i|l‘:‘a_DGC |

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

Frocess

[paom | 1e—nl7||pa_Ds| 1e—0201|lpa_xmj 1e-013| 1e-013| 1e-033 le-0p0| 1e-005|

A
[pa_gps| 1e-010] 4.001] [pa_can] 1] 1000 0.001[paps [ 10po

[rapey]  130] | 4] o| [pape [ 0.01] 0.01][papNs| 12.ps

[y

Froject

Pa_FE 1| |Pa_EC 2| |pa_ERD| 2 -5 1| |Pa_DKI| 1e-010
| 1 | !

3. Minimum amount of stable

2. Covergence tolerance parameter:

phases:
use higher value, e.g. 1e-004, use lower value, .g. 1e—92§ )
maximum seems to be 5e-003 ’ “Smoothing parameter:
use low positive value, e.g. 0.01
=>
Do not touch the other 20

10



Hydration of C;A + CaO + CaSO, - calculation of equilibrium

Experimental conditions: React 5 g C;A, 2.52 g CaSO, and 2.5 g CaO h
with 50 g water (add 1 g O, to simulate gas phase)
1B Converged st DK=9.3993%-06 X
Start Calculat[on .GEM IPM calculation (run time: 0.009 s}, .
w e X[ E(VE =0 —
] C3AGIC3A-Csi0:0:1:25:0,
lter 1 8371
Gaseous . 0.100053
Agueous [ 44.9395.1
Liquid | a
solid | 15.0804
pH | 12.4768 |
pe . &29594‘
s | ooszeser
( Accept > Dismiss
——— 2
Hydration of C;A + CaO + CaSO, - results
@Empa
ﬂ GEM-Selektor 3 (GEMS3) - Geochemical Equilibrium Modelling by Gibbs Energy Minimization - [EqStat: Single Thermodynamic System.. — D X
7S Modules Record Data Calculate View Print Window Help =X

;]=E +H@® B v JV L_ =) 8 |cn6:caacC:0:0:1:25:0:

Input: System Definition  Results: Equilbrium State |

Phase/species ‘ L ‘ Tj!Amount (mol) ‘ logSI/Activity Conecentrat ®|
Bl & ag_gen 29 a 2.4932653 -8.615e-09
#-g gas_gen 6 g 0.0031708121 -1.23e-09
B S ettringite 2 5 0.00091958053 1.187e-06
B 5 S504_OH_AFm 2 5 0.008792363 -6.154e-08
B S OH_SO4_AFm 2 5 0.008792363 —6.154e-08
:X ®-s  S04_CO3_AFt 2 50 -0.03101
S % s  CO3_SC4_AFt 2 s0 -0.03101
Calculated -5 Al(OH)3am 1 so0 -3.174
ﬁ single m-5 AL(OH)3mic 1 so0 -2.264
B 5 Gibbsite 1 5 0 -1.811
GEM2MT SyStem w5 Graphite 1 so0 -B4.68
@5 Mayenite 1 s50 -130.4
% B S aluminate 1 5 0 -36.48
[ 1 5 0 -11.04 e
UnSpace s 1 s -15.19
[ 1 5 0 -2.469
o s 1 so ~0.9693
e . . 1 s50 -3.156
Calculations 150
+ 1 5 0 =1.222
B8 1 5 0 -3.47
B 5 C4AsH10S5 1 5 0 -1.423
B8 C4RsH12 1 5 0 -0.07732
[ C4AsH14 1 5 0 -0.05177 -
4 L’J
System: T= 298.15K; P= 1.00bar; V= 0.131L Aqueous: built-in EDH(H); pH = 12477; pe = 8.296; IS= 0053 m
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Hydration of C;A + CaO + CaSO, - results

m GEM-Selektor 3 (GEMS3) - Geochemical Equilibrium Modelling by Gibbs Energy Minimization - [EqStat:: Single Thermodys
Name Of Wules Record Data Calculate View Print Window Help

single Y e R R AN = AL Y

system —__ Input; System Definiion  Results: Equiibrium State |
Sy Phase/species | T | T'!Amoum: (mol) | log:
2.5 mol aqueous phase—ﬁwi— =22 ag gen 25 = 2.4932653 .
A . .g  gas gen 6 g 0.0031708121  -1.3
(Water + dissolved IOI’\S) — -5  ettringite 2 s 0.00091958053 1.1
Eraceea] E 504 OH AFm T 5 0.008792363 -6.1
0.0032 mol gaseous phase |:}{ Ty 2= o.00e7ezaes -6
coemo -s  solidsolution between -0.
A it -3.1
' monosulfate (C,AsH,,) and C,AH;; 3]
. -5 Gibbsite 1 s 0 -1.
Solid products: EmaMT s  Graphite 1 so0 -84 |
“5 Mayenite 1 s 0 -13
. . .5 Aluminate 1 s 0 -36.
0.0009 mol ettringite s ca 1 s o0 -11]
Ui s a2 1 s -15]
' C2RHTS 1 0 -2.4
0.0176 mol monosulfate '%} s camne T oso .
St s canHll 1 so0 -3.
f s C4nH13 1 so0 -1.4
0.0418 mol portlandite Y S T 2k Eoi
s CBH10 1 so0 -3.4
s C4BsH105 1 so0 -1.4
-8 C4AsH12 1 s 0 -0.
E5 C4AsH14 1 s 0 -0.

4

System: T= 298.15K P= 100bar V= 0.131L; Aqueous: built-in EDH(H); pH

Hydration of C;A + CaO + CaSO, - results

Calid calitinme @Empa
OTMTCG—S0OTatrOoTTs iy
Phase/species | L | Tl Zmount (mol) | logSI/Activity I Concentraticon lAct,J.vity coeff.
&g gen 29 a 2.493286 —3.448e-08
gas_gen g g 0.003171698 =1.957e_08
ettringite 2 2 0.0009199661 4.729e-07
ettringite I 0.0007356808 0.799683 0.7996826 1
-ectringite3d I 0.0001842852 0._200318 0.2003174 28
504 _OH AFm 2 = 0.00879217 -2.421e-08
- C43H13 J 0.0009172862 0.037881 0.1043299 0.3630883
monosulphatel2 M 0.007874883 0.836829 0.8956701 0.9343053
OH 504 _AFm =l 3 0.00879LTY —-2.421e-08
C4RH13 M 0.0008172862 0.037881 0.1043299 0.3630883
-moncsulphatel J _0.007874683 0.636829 0.8956701 0.9343053
504 CO3 RAFc 2 s 0 -0.031
- tricarboalul3 J 0 0.00247516 0 £
-~ ettringitel3d ss MO 0.92982 0 Lz
C03_504_RFL 2 = 0 -0.031
tricarboalul3 MO 0.00247516 0 <[
-ettringite03 ss J 0 0.92952 1] A
] A1 (OH) 3am 1 s 0 o
[ 21 (0OH) 3mic 1 =0 -2.264
r+ = 1 s 0 -1.811
. - e s s
ideal solid solution: Non ideal solid solution:

10 mol-% C,AH,;

8 [-% ettringite-32H,0
0 mol-% ettringite-32H, 90 Mol-% C,AsH 5

20 mol-% ettringite-30 H,O

Incomplete solid solution (hardly any CO, endmember;

24

normally not stable, can be deactivated:
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Hydration of C;A + CaO + CaSO, — system creation (recipe)

@Empa

Matesas Scienes and Fechnoloa

Input: System Definition

Results: Equilibrium State |

Phase/species

ettringite

0

|T|On/|UC |Add to BCl
5 +

UG |GO corr. |UK |LoweriKC Upper_KC (KC type
J

T

B

S04_OH_AFm
OH_504_AFm
S04_CO3_AFt
tricarboalu03
ettringite03_ss
CO3_S04_AFt 2
tricarboalu03
ettringite03_ss

[N SNENY

o

1000000
1000000

2R
(=)
W w

o

1000000
0 1000000

2R
W w

Al (OH) 3am
Al (OH) 3mic
Gibbsite

A

1@ Q RREQ ERaQQQ

a e

hoocooooocooo

Gagaaagaggy
cooc000000000

Fi

As we have very little carbonate in
the system in the first calculation we
may switch off the carbonate-sulfate
AFt solid solutions

(In the input page)

25
.
Hydration of C;A + CaO + CaSO, - results
Ei-Selektor 3 (GEMS3) - Geochemical Equilibrium Modelling by Gibbs Energy Minimization - [EqStat:: Single Thermodynamic System in Praject C3A .. - a x
jdules Record Data Calculate View Print Window Help -]ﬂl‘_

[BEesrr i *l @ X[ S

=0

= H a |[caacican-Cs1250:

Ho? 2

e S iR 1A

5
b

Input: System Definition

Results: Equilibrium State

Phase/species

3‘ Zmount (mol)

[ ia aq gen

i} gas_gen
ettringite
504_OH AFm
CH_504_AFm
50%_CO3_AFt
CO3_S04_AFt
A1 (OH) 3am
A1 {0H) 3mic
Gibbsite
Graphite
Mayenite
Aluminate

a
=
=
E]
E]
-8
=
s
=
=
=
=
=
=
)
s
=
=
-

[= |
29

(3

e e e S e S S S S SR R Y N

a

L B T O R I R R R T

COOODOLDOOOOO0000

2.439326
0.003171693
0.0009159661
0.0087%217
0.00B79217

I/Rctivity |Concenr.ra:inn |Acm_‘_l I

View
detailed results
L]

Ly

Title:

C3A +CaS04

Comment; Iplease, enter here a comment about the purpose of this system definition |

@9&.15 K P= 100bar V= 01310 Aqueous built-in EDH(H): pH = 12477: pe = 8206 15 = 0.05

| _=—— General information: pH, ionic strength, redox, ... 26
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Hydration of C;A + CaO + CaSO, - results
@Empa

Detatled information about composition of agueous, gaseous and solid phases [P E——

m GEM-Selektor 3 (GEMS3) - Geochemical Equilibrium Modelling by Gibbs Energy Minimization - [EgDemo :: C3A:G:C3A-Cs:0:0:1:25:0:] e
I- Modules Record Data Calculate View Print Window Help

j%m ™ +H @® r | k4 n E J v E L '1_—_‘ o [crcancsotso:

% e EqPh ; EqDC ] EqSurf ‘ EqunJ 26/03/2020, 13:36

N\ A
Ale
L
3
SysEq =
= 1 anc o ey 'SO'ld phase total-amount Volume Mass
5

£) [mol] [cm?] lg]
Process
:X PHnam [zl [xa |Fa [phvol [ phy (

0o |2 aggen 29| 2.4932653| 1.6432721e-009 44.984034 20.939500 Msos-are = 1.15 9
e 1 |g gas_gen 6  0.0031708119) 2.3535764e-008 78.603512|  0.10002508

2 [s ettringite 2| 0.00091958291| -2.607211e-007|  0.65031459 1.1475405
GEM2MT 3 [s so4 oH AFm 2| 0.0087923615| 2.7476736e-008 2.693842 5.4165243

2 |s oH_soa_nm 2| 0.0087923615| 2.74767362-008 2.693842 5.4165243

5 [s a1(om) 3am 1 0 -3.1743193 0
tns m =10.83
S 6 |s 2l(om3mic 1 0 -2.2643225 0 504-AFm 9
% 7 |[s cibbsite 1 0 -1.8111723 0 0
Froject 8 [s Graphite 1 0 -84.68486 0 0

9 |5 mMayenite 1 0 -130.37467| 0 0

10 s Aluminate 1 0 -36.481442| 0 0

11 |s ca 1 0 -11.042065 0 0

12 |5  caz 1 0 -15.191921 0 0

]‘13 s  C2BHIS 1 0 -2.4694892] ol | 0

«

Mportiandite = 3.10 9

27

Hydration of C;A + CaO + CaSO, - results

Comparison to experiments:
Hydration of C;A at SO3/Al,O; = 1, cured 28 d at 25°C, solid phases by XRD

300
SO4-AFm
250
% 200
o
9,
2 150
[7]
c
2
£ 1004 Portlandite SO4_AFmSO4-AFm
501 SOs-AFt Portlandite
SO4-AFt SO4-AFt
0 y s ; peclense ol s e
5 15 25

[20] Cuka Matschei 2007

Qualitatively very good agreement between experimental and calculated results
Phase assemblage SO,-AFm - SO,-AFt - portlandite - ag. predicted and observed.

Quantification with help of GEMS possible.
28

WEmpa
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Hydration of C;A + CaO + CaSO, - results

Composition of aqueous phase

@Empa _

Output: total

EqPh | EqDC | EqSurf I EqGen ||US‘/06}2023,16:21

molalities_ in agqueous

C32 +Cas04 phase
Please, enter here a comment about the purpose of this system de. (mol/kg HZO)
ICnam b Cb u lgm t mt ICnam
1] p-u g e 0.03701052 1.337779e-17 -3z24¢.%28 -4.372027 4.245927e-05 &1 =
i|cC e le-09 3.797537e-26 -194.9822 -7.651954 2.22867=-08 e
2|Ca e 0.118607 -2.081668e-17 -266.1541 -1.690528 0.02035%259|¢a e
3|H h 5.550837 -2.872702e-15 -47.8309 -1.390111 0.0407276 h
4|0 o 3.011322 1.249001e-16 -0.01647608 -1.36302 0.04334909 o
5|5 e 0.01851 6.9386894e-18 -275.1372 -5.122594 7.54059%-06 e
6|Zz z 0 -4.012578e-19 19.1021 0 -2.480751e-18|fz =
total mol in Logy, of total
system (input) molalities
29
Tutorial - single systems: hydration of C;A
@Empa
Hydration of C;A
1) Simulation of reaction C;A + CaO + CaSO, Guided tutorial
2) Simulation of reaction C;A + CaO + CaCO;
. , . Individual
3) Simulation of reaction C;A + CaCO; —  work

4) Simulation of reaction C;A + CaO + CaSO, + CaCO,

30
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