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Tutorial 1 - single systems: hydration of C;A

EMPAQ
Hydration of C;A

1) Simulation of reaction C;A + CaSO,

2) Simulation of reaction C;A + CaCO,

3) Simulation of reaction C;A + CaSO, + CaCO,

See Seligmann & Greening ICCC 1969 and various papers by Kuzel et al. (Kuzel & P6llmann CCR 1991, Kuzel et. al
CCR 1996) for experimental verification
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Hydration of C;A + CaSO, - project setup

@ Modelling Projects

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

AluSiOMSA MUSICAluminaSilica
AragCalc Aragonite-Calcite
Ca-5r-C03 Solid _solutions
CalcDolo GEMS3E-test-exanple
Kaolinite Test-JHC

Finetics Mineral-Ag-Reactions
Kyanite MylstProject

Solwvus test project solvus
TestPNTDE Test-P5I-Nagra-TDBE-07-12
TestFR test project PREV fluid

TestS5UPSE8 Test-5UPCRTS8-1linked

¥ Retain setup of aqueous (and gas/fluid) phases ™ Activate Project Remake wizard

e e i e e e Re-calculate and save all equilibria (SysEq) using: —

™ AIA mode (simplex) I Smart 1A mode (SIA
" Create a new project using the selected one as a template (simplex) (SIA)

Make a new project:

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

Open Project New Project Learn morel Cancel |
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Hydration of C;A + CaSO, - project setup

EMPAQ
| 2 |
m Project: Enter a new record key, please | v 2%
[ Tutorial_1:C3A:
Tutorial_1 Mame of the modeling project
‘ ICE#. Comment to the project definition
| | Ok | | Reset From List Help Cancel
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Hydration of C;A + CaSO, - project setup

Select CEMDATA14 (3 party data base)

;ﬁ Basis configuration of a new Modelling Project Tutorial_1

12 %= |

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

—Phase/DC Filters

L

Built-in Database Version
¥ Aqueous electrolyte E{ E zﬁi:it
M Gas mixture E gi;;;ig;a
™ Non-ideal fluids b [] cemdatald 14.01
™ Plasma
¥ Crystalline solids
™ Dispersed solids
™ Liquids, glasses
™ silicate melts
™ Sorption, Ion exchange
™ Polyelectrolytes
I Liquid hydrocarbons
™ skip solid solutions
Learn more < Back Hext > |
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Hydration of C;A + CaSO, - project setup

EMPAQ
Select elements necessary to model C;A hydration

;ﬁ Basis configuration of a new Modelling Project Tutorial 1 [ 2 &J

___— ,reactive N”
— Step 2: Select Independent Components (not available if shown in light gray color) - W\—/ (dO nlt use here)

N

N

Air: O,, N, etc.
(no reducing
conditions, N, not

4 K I Ca 5C Ti v Cr

reactive)
s kb | s | v zr b (Mo | Te |ru | rE | pd
sal Ag|l cd| m| sa| sb| Te 1| xe |
6 C |Ba | R | wr |12 |w Re |los | i PL ™~ we can also use
6a Au| Hg il Pb Bi Po/|l AE| Rn jUSt oxygen (02)

I e(lz)

La Ce Pr. Nd | Pm || Sm | Eu Gd | Tb Dy Hul Er || Tm

LU

7 fr Ra ACT ™ Isotopes

AC Th Pa u HNp Pu | Am | Cm Bk Cf Yb Lu Vol

Learn more Set Filters < Back | Next = Cancel |

B
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Activity coefficients

EMPAQ
Solubility product e. g. of gypsum

Keq = {Ca?*}{SO,*}-{H,0}?/{CaS0O,-2H,0}

Keo = {Ca2*}{SO,2} = 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
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Activity vs. ionic strength
— selecting the right aqueous electrolyte model

log —_Azzﬁ
Ca” 14 Bayl

EMPAQ

Debye-Hiickel ionic strength 1<01M

Extended _Az2 1
Debye-Huickel logy, . = 1+ Badl + Dbl
common a, common b (Helgeson) [<1-2M
individual a, common b (Truesdell-Jones) [<1M
[<0.3M
individual a, no b
JI
Davies logy. ., = —AZZ( —0.3I) 0.1<I1<0.5M
. 1+/1
log ¥ —AZ*NI + > em,
2 I<3M
T 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 :
C:\..\GEMS31\Gems3-app\Resources\doc\pdf and references therein



Hydration of C;A + CaSO, - project setup

EMPAQ

Select model for calculation of the agqueous phase

ﬁ Setup of aquecus and gas phases in project: Tutonal_1

7 x ]

Select Aqueous Electrolyte Model l Select Gas/Fluid Mixture Model ]

" Ion-association (IA) with Davies equation, D (default)

* 1A with extended Debye-Hueckel equation (Helgeson), common b_gamma and a0, H
\

-

IA with extended Debye-Hueckel equation (Shvarov), \gmmon b_gamma unu e’

I4 with extended Debye-Hueckel equation (Karpov), commdgn b_gamma, individual aly 3

I4 with Debye-Hueckel equation, no b_gamma, individual a0,

T D

I4 with Debye-Hueckel limiting law (very low ionic strength), 1

3

Do not generate; select a user-defined Phase record from database ( Q,

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

Phase record key: |a AQELIA ag_gen aq Davies

Parameters for
the aqueous phase model

b_gamma(1,298) value:

|0.123 |

b_gamma(FT) mode

|KOH -

Common a0 value:

|3.67 |

Gamma (neutral species)

2) f(pressure, temp)
-> electrolyte

a0=3.67 for KOH

|Ca|cu|ate as b_gamma™Is j

Gamma (water solvent)

|Fr0m osmotic coefficient j

> Calculates
activity of water

Molality conversion

|App|ied to all species ﬂ

Check

@u More details
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Hydration of C;A + CaSO, - project setup

|"

EMPAQ

—> Project name

5 Method (Gibbs free
energy minimization)

> System definition

> Integer (default 0)

> System volume
unconstrained

Pressure (bar)

T cucFae : 28
-|= Syskq: Please, enter a new record key: ?
|Tut|:|rial_1:G:gﬁ,-'|:u:El:El: 1:25:0:
|T|_|t|:||'|al_1 Mame of the modeling project
|G Thermodynamic potential to minimize {G GV} — |
|gy'|:| Mame of the chemical system definition (CSD)
|III CSD (redpe) variant number <integer =
0 Volume of the system, dm3 (0 if no wolume constraint)
1 Pressure, bar, or 0 for Psat{H20)g _—
25 Temperature, C (==10)
|III Variant number for additional constraints
Ok Reset | From List Help Cancel

—> Temperature (°C)

GEMS workshop, Diibendorf, May 7-8, 2014

10



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

EMPAQ
It would be possible to create the recipe already now ...

;ﬁ Input Recipe of Single Thermodynamic System: Tutonal_1:Gigyp:0:0:1:25:0: 7 2
tname |

Property Selection Recipe Input

Compos (xa_] Prope Marre uanti Units

DComp (xdl ) AlOH)3 503 perty Quantity

IComp (bi_) AI203

Phase (xp_) Agua

Kin.lower (dll_) C34

Kin.upper (dul_) CH4

G0 shift (gEx_) co2

Other Inputs Ca(OH)2
CalZ03
Cal . M 1
Cosou .Recipe wizard
Gypsum . .
H2 (we will use this later)
HZ5
H2504
02

Input gquantities of Compos(itions) contributing to B_
vector
Learn more Print | 0K | Cancel |
—

e )

GEMS workshop, Diibendorf, May 7-8, 2014



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

EMPAQ
. but we first look at the GEMS user interface more in detail.

[_[o] x ]

HEES

Viodules Record Data Calculate View Print Window Help /-\
: ISingIeSystem ;I h + H @ * 7( ‘ * ‘i J W w - ‘ 0 ilTutoriaI_l:G:gyp:U:U:1:20:0:
I N

r : [ p————— .
i BT, |Tutorial_1:%:%:%:%:%:%: Input: System Definition I §esults: Equilibrium State |

Fhase,/species |L |T|Onf|UC |Add to BClUG |G0 corr. |U‘K |L0wer_KC |Uppe:r:_KC |KC type |
) \ e R 5 System file is now created
A - 504 _OH AFm
Brings you 207 003 are all maln cement
L% | backtothis| | =z~ [  hydrates relevant to
e screen - Grapnite the system i

-~ Aluminate

- C3RAH&

C;:* CaC(jj_ 20 mclguded formulate the
- experiment we want to

simulate

- C4AcH11

...... ettringite
Systern: T= 20315K: P= 100bar: V= 0L Aqueous: builtin EDH(H): oH = 0000: pe= 0.000: IS = 0.000 m Reci P€e in pUt

Recipe wizard

Sl
a o
a o

=

-~ Calcite

- lime

- Portlandite
- Bnhydrite

- Gypsum

- hemihydrate
- Sulphur

A

R
E R S S S S S S
=N N - N Tt = R - B - R
00000 000an
[ N T
[ O T e R e Y T e T T e T e Y |

Vo

Ethan X PEEYVEILa o
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Hydration of C;A + CaSO, — system creation (recipe)

EMPAQ

Egst:singleemod ~ AS We have no carbonate in the
S Dem B BT T BT e system in the first calculation we
B 8 e =| i Onyoeffswitch for phases” /MY switch the carbonate-sulfate AFt
QI'\ BT, | Tutorial_1:%:%% %% %1% Input: System Definition I Results: Equilibrium State | \ SOI|d SOIUt'OhS Off

SysEq Phase/species | L |Type (lOnfaff P
ﬁ] — o N Input: System Definition | Results: Equilibrium State |
L 2 = + .
Process - N Phasze/=species |L |Type |On."c|ff |UC |Add to BClUG |
. + | ®ag_gen 29 = + g J
:}{ = s H-- gas_gen 5 g + g/ 0 J
F-- 504_OH_AFm 2 s + 0 J
cm IZIIM iones N = * | E..OH S04 aFp 2= g0 I
- Gibbaite 3 +
. . ! = 504_CO3_AFt 2 s -\ =& o J
2 AFt solid solutions || w-- Grapnite 1 s + o hesia 1 /- v o 5
o 8 [ Bluminate 1 = + ettringite M _ M o J
Conta I nlng - C2AHTS 1 = + - CO3_S04 AFt 2 = - g a J
sulfate+carbonate ¥ C3RHE Lo * - tricarboalu / Mo\ - M0 J
[+ C4RH13 1 4 + L 2LEringite J = M 0 J
5 [+ CRHI1O 1 = + [ A1l {CH) 3mic 1 = - [+ a J
_ - C4RsH12 1 s + | @ Gibbaite 1 = - g 0 J
Project #- C4BcO . 5H12 1 = + #-- Graphite = + o 4] J
= + [F-- Aluminate =] + g o] J
- egtringitce @ 3 ¥+ [+ CZRHETS s + o o J
T Aragonite - + | ®-c32HE 1 0s + g 0 J
— s DL e SRR S
4" t ' ;Z:ﬁlmdite i : : [ C4BsH1Z 1 = + g 0 J
ideal composition - [ C4Re0.5H12 1 0s + g 0 J
P ‘Anhydrite 1= * | @ camcH11 1 s + g 0 J
- Gypsum 1 s + - ettringite =2 g a J
£ hemihydrate 1 3 + Ea-. Aragnnlte — - 0 J
i L2 | = amsesce ) = junjor end- membet;, 7
[+~ 1lime 0 J
Number-of components o oM = maJorerfd member 3
. F- BAnhydrite + g a J
1: pure phase 7 zemanize of solid solution - s o 5
. . . F-- hemihydrate 1 = + O L8] J
> 2: solid solutions ¥ Sulphur 1 = + g 0 J

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

EMPAQ
Experimental problem part 1:

Reaction of C;A with calcium sulfate
59 CA+252gCaSO, + 2.5gCaO + 50g H,0O
+ 1 g O, (oxidizing conditions, CO,-free = no carbonation)

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

> Equilibrium speciation

recipe input
mtes X[MIEYVEL=0
GEMS workshop, Diibendorf, May 7-8, 2014

14



Hydration of C;A + 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

7

g O, to simulate gas phase)
quilib 1
I;|-]CC|'.I|E£ Record Data Calculate Wiew

e (Gibbs atiol

Print Window Help

’3;@ ISystem LI h + H @ $ 7{ ‘ 1 |l;a / W m{ b!i ‘ 9 ITutoriaI_l:G:gyp:U:U:1:25:0:
7\ a ITutoriaI_l: E

;1; II Compos I DComp | Phase | IComp | Surfaces | Config ||0?f04,|'2014,21:20

SysEq

ﬂ Reaction of C3A with CaS504 Descrlptlon of experlment

‘—) Tutorial 1 - Example 1 |

Process
[Masses| ol 1] 1] 1| 0.06102] =£.79254

D{‘ |anu.ms| 1| 1| |Prc|c.s | 0| D| 0|

GtDemo

AC |CCwvp xa

ﬂ 4] + 41 (CH) 3 MTH Aluminum-hydroxide (g 1]

GEMZMT 1 |+ |m1z03 MIN Aluminum-oxide 1M |g 0
2 |+ |zqua AQ 1 mole H20 a —_—> =0

%} 3 + C3n MIN Tricalcium_alu.mina... =4 é 5

; 4 = CH4 GAR Methane 1M a 0

Frotect 5 = coz2 GR Carbon-dioxide 1M |g 0
(3 + Ca (CH) 2 MIN Calcium-hydroxide .. |g 0
7 = CaCC3 MIN Calcium-carbonate .. |g 0
g8 + CaC MIN Calcium-oxide 1M =4 ﬁ 2.5
9 + CasC4 MIN Calcium-sulfate 1M |g ﬁ 2.52
10 |+ Gypsum MIN Ca-sulfate-2H20-1M |g 0
11 |+ H2 GA Hydrogen 1M g 0
1z |+ H25 GA Hydrogen-sulfide 1. |g 0
13 |+ H2504 BLQ Sulfuric-acid 1M g 0
14 |+ |02 GR Oxygen IM g _ 1
15 |+ 503 GA Sulfur-trioxide 1M |g 0
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Hydration of C;A + CaSO, — system creation (recipe)

Check system definition w * = = %

we exclude carbonate in
this example

=> Switches off all
phases containing C

TN

VERONVE N =

2]

Tutorial_1:G

Missing ICs

rc

101

COMFLICT WARNING!

Mole amounts of some Independent Components (IC)
are missing in the calculated bulk composition vector

(B_[i] < Pa_DB)!

EXCLUDE ALL |

RETAIM ALL

CHECK Ok
POSSIBLE ACTIONS: Ko

* EXCLUDE ALL these ICs together with DCs that
contain them and some Phases made of thaose DCs;

*RETAIM ALL missing ICs by inserting a default
mole amount (below) into bi_ vector cells;

* CHECK some boxes to keep these ICs in the
gystem by inserting a default male amount into bi_;
unchedked ICs will be turned off together with all

DCs that contain them. Learn mare. ..

Cancel

!

Default amount, mol (editable): I 1e-09

GEMS workshop, Diibendorf, May 7-8, 2014

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

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)

;ﬁ Converged at DK=1e-08 ? 2

GEM IPM calculation (run time: 0 s).

Start calculation LU R

I - System:
E +H<?*> 3] z = D @_ﬂ a jl> |Tutnrial_l:G:g',rp:III:III:1:25:EI:

Iter 1: 4: 99
Gaseous 0.998137
Aqueous 45.02749
Liquid 0
Solid 14.9939

pH 12.4768

pe 8.20951

IS 0.0526675

Dismiss

GEMS workshop, Diibendorf, May 7-8, 2014 17




Hydration of C;A + CaSO, - results

I—I'.lcclules Record Data Calculate View Print Window Help
h +H¢$ 7(| 1" _-./W 0“Tutorial_l:G:gy]:l:U:U:1:25:0:

Input: System Definition Results: Equilibrium State I

Phase/species | L |T| Amount (mol) | logSI/hActivity Concentration Activity coeff.

aq_gen 23 a 2.4%B1636 5.026e-11
gas_gen 0.0311925944 —-9.286e-14
504 CH AFm 0.017842377 6.263e-08
CH 504 AFm 1.3688981e-007 0.0002714
L1 (CH) 3mic -2.287
Gibk=ite -1.833
Aluminate -368.53
C2RHTS -2.514
C3RHa -1.014
C4RHI13Z -1.715
CRH10 -3.514
C4RsH1Z -0.04886
ettringite .000B61E3TEL -8.681e-08
lime -5.776
Portlandite .04234913 2.633e-10
Inhydrite -3.437
Gypsum -3.214
hemihydrate -4,203
Sulphur -118.5

4]

Calculated
single | -
Project SyStem

W oo oWwWmhhn W

+
+
+
+

[+
W

(1]
LT T ¥ ¥ R I T U T U T T =}

[ e S SR SRR ARy S
000000000000 00

w

View results

System: T= 20815K: P= 100 bar; V= 0.8257L; Aquecus: built-in EDH{H); pH=12477; pe= 8300; I5= 0053 m

AC_on [0,0]: Selection of Compes(itions) to be used in the BCC calculation { + -}

GEMS workshop, Diibendorf, May 7-8, 2014 18



Hydration of C;A + CaSO, - results

2.498 mol aqueous phase
(water + dissolved ions)

0.031 mol gaseous phase

Solid products:

0.0178 mol monosulfate
< 0.001 mol ettringite
0.0423 mol portlandite

GEMS workshop, Diibendorf, May 7-8, 2014

Uiﬂ!

iy Gibls ization

 Therr

EMPAQ

=

ISingIeSystem

FECL

NEEYVE

[V e

Project

Input: System Definition Reesults: Equilibrium State |

ITQ)’P |U |U |l |5 |U | Plllase.r’species |L |T|hmcnunt (mol)
- a ag_gen 23 a 2.4%Bl636
I | gas gen 3 g 0.0311392944
T = s o2 o8 &rm 2 = 0. 017342377|
+ = L) 22881le-0
solid solution between-monosulfate and C AH13
E - Gibbsite =
------s Bluminate :'I. = D
#- s C2RHTS 1 sa0
-5  C3LHE 1 =0
-5  CA4RHI3 1 sa0
#--=  CRHI1O 1 =0
=  C4hsH1Z 1 =0
------s ettringite 1 s 0.00066183761
#- g  lime 1 sa0
------s Portlandite 1 3 0.042343913
------s Anhydrite 1 3 0
------s Gypsum 1 =z 0
------s hemihydrate 1 s 0
------s Sulphur 1 s 0
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Hydration of C;A + CaSO, - results

EMPAQ

Consideration of solid solution formation

Input: System Definition

Results: Equilibrium State l

GEMS workshop, Diibendorf, May 7-8, 2014

Phase/species L Type |Amount (mol) logSI/fActivity Concentration Aetivity coeff,
a aqg_gen 2 a 2.4981636 -3.107e-10
o] gas_gen 3 o] 0.031192944 -9.342e-13
. 504 OH LFm P = 0.017842377 3.588e-09
C4nH13 M 0.00131839 0.0192869 0.073890942 0.26101866
monosulphate J 0.016523987 0.893594 0.592610906 0.96489058
Fo 3 CH 504 AFm 2 = 1.3710124=-007 0.0001159
Ho 3 Al (CH) 3mic 1 = 0 -2.287
LR Gibbsite 1 = 0 -1.833 . .
+--s Aluminate 1 = o -36.53 solid solution:
Ho F C2RHTS 1 = 0 -2.514
Ho F CIAHE 1 = 0 -1.014
o= caanis P 1.71s 93 mol-% monosulfate
L] CRHI1O 1 = 4] -3.514
] C4A=H12 1 = 0 -0.04886 (o)
¥~ s ettringite 1 = 0.00066183746  5.906=-08 7 mOI /0 C4AH13
o 3 lime 1 = O -8.776
¥.-s Portlandite 1 s 0.042349131 -1.816e-08 => Ca4A|2(OH)12 16(504)0 93.6HZO
o 3 Enhydrite 1 = O -3.437 :
o 3 Gypsum 1 = O -3.214
o 3 hemihydrate 1 = O -4.203
+- = Sulphur 1 = 0 -1158.5%
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Hydration of C;A + CaSO, - results

Print Window Help

N

FEr T Xi

il

L:i:' / \@ 9 ilTutoriaI_l:G:gy]:l:U:O:1:25:0:

ENOEEEE

Input: System Definition

Results: Equilbrium State |

N’

ITQ)’P olaltlzs lo Phase/=zpecies

|L |'I|Amaunt {mol}) |1c|g Activity Concentration Activity coeff.

-a

&,

Project

W W W W W W W mWm W0 bW g

ag_gen
gas_gen
504 OH RAFm
OH_S504_AFm
A1 (CH) 3mic
Gibbsite
Aluminate
C2RHTS
C3nH&
C4nH13
CRHIO
C4AsHIZ
ettringite
lime
Portlandite
Anhydrite
Gypsum
hemihydrate
Sulphur

23 a 2.4981636 5,026

0.031192944 -9,286e-1

0.017842377 6.263e-09

1,3688981e-007 0.0002714

-2.287

-1.833

-36.53 .
View
.014
715

. detailed res

00066183761 .681e-09
L1768
.04234313 2.633e-10
-3.437
-3.214
-4.203
-119.5

W W W W W W W mWm W0 bW g

[ e e e e e e e e s R R T
0000000000000 OO0

AC_on [0,0] : Selection of Compos(itions) to be used in the BCC calculation { + - * }

GEMS workshop, Diibendorf, May 7-8, 2014

Systerm: T= 29815K; P=

1.00 bar; V= 0.8257 L; Aqueous: built-in EDH(H); pH =12.477: pe= 8300; I5= 0053 m

ts
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Hydration of C;A + CaSO, - results

Detailed information about composition of aqueous, gaseous and solid phases

juilib

Prin

y Gibls

E=Nlo )

HEES

Sqliduphases 71« v&

Iﬂ’. — | 9 “Tutorial_l:G:gyp:U:U:1:25:0:

N\
EqIC | EqDC EqSurf EgGen | ‘0?{04{20 14, 22:19
] total
— amount Volume Mass
[mol] [em?’] [g]
PHnam L1l |Xa Fa phVol phM

1] a ag_gen 23 2.4981636| 5.0262098e-011 45.07233 45.027913
1 g gas_gen 3 0.031152544 | -59.2864735e-014 773.26409 0.99813679
2 3 504 OH AFm 2 0.017842377| 6.2631415e-009 5.46762 11.025425
3 =] OH_504 AFm 2| 1.36888981e-007 0.00027143681|4.1977575e-0..| 8.464039e-005
4 = Al (CH) 3mic 1 0 -2.286582 i} 0
5 = Gikbb=ite 1 ] -1.8334318 0 0
[ 3 Aluminate 1 ] —-36.526244 a 0
T 3 C2RHTS 1 4] —-2.5138908 1] 0
8 = C3aHe 1 4] -1.0137823 4] 4]
9 ] C4nH13 1 0 -1.7147364 i} 0
10 |= CLHI10 1 ] -3.5141277 0 0
11 |= C4nsHIZ 1 4] -0.048859841 1] 0
12 |= ettringite 1 0.000661837601| -8.6810579e-009 0.46733907 0.83067959
13 |= lime 1 0 -9.776082 i} 0
14 |= Portlandite 1 0.04234513| 2.6325986e-010 1.4000622 3.1377614
15 |= Anhydrite 1 ] -3.4367853 a 0
16 |= Gypsum 1 4] -3.213666 1] 0
17 |= hemihydrate 1 4] —-4.,20295589 4] 4]
18 |= Sulphur 1 0 -119.46479 i} 0

GEMS workshop, Diibendorf, May 7-8, 2014

|

[ Mgo4.arm = 11.03 g ]

/

Mgosare = 0.83 9 ]

EMPAQ

[ Mpgortiandite = 3.14 g ]

22



Hydration of C;A + CaSO, - results

EMPAQ
Comparison of modelling vs. experiments:

Hydration of C;A at SO3/ALO; = 1, 28 d at 25°C, solid phases by XRD

300

SO4-AFm
250 -

200 -

150 1

Intensity [cps]

100 Portlandite SOs-A FmSO4- AEM

50 - SO;-AFt Portlandite

0

s 1 2

[20] Cuka
Qualitatively very good agreement between experimental and calculated results
Phase assemblage SO,-AFm - SO,-AFt - portlandite - aqg. predicted and observed.
Quantification with help of GEMS possible.
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Hydration of C;A + CaSO, - results

EMPAQ
Composition of aqueous phase

(“ EqPh EqDC Eqsurf EqGen | |07/04/2014, 22:13

total molalities in

——- aqueous phase
ICnam|b Ckb u lgm © m t ICnamI
0 i 0.037010516| -4.3927555e-018 -325.00408 -4.39433% 4,033304e-005 |21
1 Ca .. 0.11860702 | -7.8093431e-018 -266.17062 -1.6905294 0.020392507|Ca
2 H 5.5508373| 1.4056212e-016 -47.839143 -1.3901083 0.040727267T |H
3 3.0675738| -3.436l1llle-016|-1.0692328e-013 -1.3621855 0.043432463 |0
4 5 - 0.018510003| 2.1963T777e-018 -275.07784 -5.0753463 2.4072447e-006 |5
g Zz . 0] -1.6683228e-01%5 12.11033 0 7.164635e-018 |2z
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Hydration of C;A + CaCO;

EMPAQ
Experimental problem part 2:

Reaction of C;A with calcium carbonate
59 CA +1.86 gCaCO; + 2.5 g CaO + 50g H,0
+ 1 g O, (oxidizing conditions, CO,-free = no carbonation)

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

> Equilibrium speciation

GEMS workshop, Diibendorf, May 7-8, 2014
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Hydration of C;A + CaCO;

Experimental conditions: React 5 g C;A, 1.86 g CaCO; and 2.5 g CaO
with 50 g water (add 1 g O, to simulate gas phase)

1) Create new system

r.
{ﬂ GEM-Selektor 3 (GEMS3) - Geochemical Equilibrium Modellin

[« Modules | Record Data Calclate View Prin wdow

2 ]

. % Mew(Clone)... :

- : i H S System [
" q JiSE menye ¢F click %
SysEa '« Remake.. Phase/=p:
rD Calculate Fa He ag_ g
,‘ + gas
- 504
Process H Save OH B
Save As... o S'DE_I
|:}{ 7 Delete +- CO3_:
- Al {0l
Gtbemo D_ Plot data ¥ Gibk:
= +- Grapl
== Print... - Alum
+- C2AH:

EMPAQ

P

._._:; SysEq: Please, enter a new record key:

Tutorial_1:G:cal:0:0: 1: 25:0:

Tutorial_1 Mame of the modeling project

G Thermodynamic potential to minimize {G GV}

|E|

Mame of the chemical system definition (C50)

Ok

||:| CSD (redpe) variant number <integer =

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

1 Pressure, bar, or 0 for Psat{H20)g
25 Temperature, C (==0)

v} Variant number for additional constraints

Reset | From List Help Cancel

GEMS workshop, Diibendorf, May 7-8, 2014
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Hydration of C;A + CaCO;

Experimental conditions: React 5 g C;A, 1.86 g CaCO; and 2.5 g CaO
with 50 g water (add 1 g O, to simulate gas phase)

2) Enter initial system composition

EMPAQ

;ﬂ Input Recipe of Single Thermaodynamic System: Tutorial_1:G:cal:0:0:1:25:0: ? %
tname |
Property Selection Recipe Input
Compos (xa) Prope Mame i uanti Units
DComp =d_] Al(OH)3 S03 SE | Q ty
IComp (ki) Al203 1 |xa_ Agua 50 g
Phase (xp_) Aqua 2 |xa_ 02 1 g
Kinlower (dll_) C34 CaA 5
Kin.upper (dul_) hd 3| xa g
&0 shift (gEx_) co2 4 |xa_ Cald 25 g
Other Inputs Cal0H)2 5 |xa_ CaCo3 1.86 g
CaC0o3
Ca0
Lastid
Gypsum
H2
H2s . .
T This time we use the
Input quantities of Compos(itions) contributing to B_
vector
Learn more Print OK | |(‘anoel ‘

W

GEMS workshop, Diibendorf, May 7-8, 2014
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Hydration of C;A + CaCO;

EMPAQ

Experimental conditions: React 5 g C;A, 1.86 g CaCO; and 2.5 g CaO
with 50 g water (add 1 g O, to simulate gas phase)

Check system definition m *e @ *| ¥/ @v N = @

-

._:_; Tutorial_1:Gical:0:0:1:25:0:

Missing ICs CONFLICT WARNING!
we leave the possibility of 1) @ e mising i the cactated bk compostion vesto
sulfate addition in the system (O] <Fa.pe)

EXCLUDE ALL

RETAIM ALL

ik

CHECK Ok
POSSIBLE ACTIONS: Ko

* EXCLUDE ALL these ICs together with DCs that
contain them and some Phases made of those DCs;

*RETAIM 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 ICs will be turned off together with all
DCs that contain them.

Learn maore...

]

Default amount, mol (editable): | 1e-09 Cancel
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Hydration of C;A + CaCO;

Experimental conditions: React 5 g C;A, 1.86 g CaCO; and 2.5 g CaO

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

3) Calculate equilibrium

=N OE

Formation of
monocarboaluminate,
small amounts of calcite
and portlandite

= I
- |S|ng|e5yshem

SEM-Sele

mical Equilib

3 5/6|7
cal |00 125 |0

2|gyp [0]0[1]25 [0

EMPAQ

by Gibbs ization W...—,

i tnlea XY OTEHLVEHN e

Input: System Definition Results: Equilibrium State l

Phase/species |L |I‘|nmou.nt, {mol)

w

W W W W W Wik iHeooimH b oo bbb o0

ag_gen 2% a 2.529%92%4
gas_gen 5 g 0.0311%92201
504 _CH_AFm 2
CH_S504_AFm
S04_CO3_AFt
C03_504_AFt
11 (CH) 3mic
Gibb=ite
Graphite
ABluminate
C2RHTS
C3RH&
C4RHIS
CRHI1O0
C4RsH1Z
C4Rhe0.5H1Z
C4RAcHI11
ettringite
Aragonite
Calcite
lime
Portlandite
Inhydrite
Gypsum
hemihydrate
Sulphur

-01850508

.8443787e-005

043654238

W W W WwWwwhih Wl bbb b
OO0 000000000000 000000000

[ N e e i e I e R R N e = B I R S S S X Ny Y

System: T =

29815K; P= 1.00bar; V= 0.8252L; Aquecus: built-in EDH(H

GEMS workshop, Diibendorf, May 7-8, 2014
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Hydration of C;A + CaCO;

Formation of
monocarboaluminate,
small amounts of calcite
and portlandite

GEMS workshop, Diibendorf, May 7-8, 2014

Detailed results

EMPAQ

EgIC J I EqPh EgDC | EgSurf | EqGen | |08f04f2014, 1411
Reaction of C3A with CaCO3
Tutorial 1 - Example 2

FHnam L1 |Xa Fa phVol phM

0 a ag_gen 23 2.52959254 | -7.6990275e-010 45.645478 45.60038
1 g gas_gen 5 0.0311592201| -1.5452046e-010 T73.24568 0.959811302
2 s 504 _CH AFm 2 0 -1 0 0
3 s CH_304_AFm 2 0 -1 0 0
4 s 504_CO3_AFt 2 0 -1 0 0
& = CO3_504 AFc 2 0 -1 0 0
(3 = 41 (CH) 3mic 1 0 -3.0243547 0 0
7 = Gibbs=site 1 0 -2.571244¢ 0 0
8 = Graphite 1 0 -82.225518 0 0
9 = Aluminate 1 0 -38.001871 0 0
10 |[= C2nHT5 1 0 -3.8895155
11 |=  C3RHe 1 o 2.2z92077| McO3-AFm = 10.52 g J
12 |= C4nH13 1 0 -3.15903604 0 \ i}
13 |= CAH1O 1 0 -4.8989751%5 0 \ /£D
12 |s  CahsH12 1 ] -4.1075232 o \ / o
15 |= C44cO.5HI1Z 1 0 —-0.70017977 0 V 0
1a |= C4RcHI11 1 0.01850509 | ( = 10.5191394
17 |= ettringite 1 0 mCaIcite = 0.008 g o] 0
18 |= Aragonite 1 [N A0 a
19 |= Calcite 1| 7.8443787e-005|-2.6182802e-010 0.0028m“~ 0.0078512033
20 |= lime 1 0 -9.7760823 0 0
21 |= Portlandite 1 0.043654238| 1.4981742e-008 1.44320891 7 3.2344603
22 |= Inhydrite 1 0 -6.0159824%9 // 0
23 |= Gypsum 1 0 -5.7967051 0

-

L

L Mportlandite = 3.23 g9 )
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Hydration of C;A + CaCO;

Experimental conditions: React 5 g C;A and 1.86 g CaCO;

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

4) Repeat calculati

juilibi Gibbs

¢+ Print Help

Window

on without lime addition

A=K LIRS

H:a)./w

E

ITutoriaI_l:G:gyp:

I Compos DComp | Phase | IComp | Surfaces | Config | 03/04/2014,
Eeaction of C3RA with CaCO3
Tutorial 1 - Example 2
[Magses| 0] 1] 1] 1] 0.05786] 8.68524]
|V01um3| 1| 1||Prncs I 0| 0| 0|

AC | CCvp xa

L] + L1 (CH)3 MIN Aluminum-hydroxide. |g
1 + L1203 MIN Aluminum-oxide 1M |g
2 + Lgua EQ 1 mole H2O o S0
3 + C3n MIN Tricalcium alumina. |g o
4 + CH4 GA Methane 1M [+ 1]
5 + coz2 GA Carbon-dioxide 1M |g 1]
& + Ca(CH)2 MIN Calcium-hydroxide . |g 1]
7 + CaCos HMIN Calcium-carbonate . |g 1.88
8 + Cal HMIN Calcium-oxide 1M o ]
g + CaS504 MIN Calcium-sulfate_1M |g 1]
10 |+ Gypsum MIN Ca-sulfate-2HZ0-1M |g 1]
11 |+ H2 G4 Hydrogen 1M o a
1z |+ H25 GA Hydrogen-sulfide 1. |g a
13 |+ HZ2504 RQ Sulfuric-acid IM o 4]
14 |+ 0z GA Oxygen 1M o 1
15 |+ 503 GA Sulfur-trioxide 1M |g 4]

GEMS workshop, Diibendorf, May 7-8, 2014

Print

Window

Help

i Fe @ ¥

YVOEW VE

1 =

Input: System Definition

Results: Equiibrium State |

FPhase/species

|L |T|Amﬂunt (mol)

Formation 6f monocarboaluminate a
small amolints_ of gibb

[+]

=

ag_gen
gas_gen
504 OH AFm
OH_ 504 AFm
504 _CO3_AFt
CO3_504 _AFcT
A1 (CH) 3mic
Gibbsite
Graphite
Lluminate
C2RHTS
C3nHG
C4nH13
CRHI1O
C4asH12
C4Ac0.5H12
C4ncHIL1
ettringite
Aragonite
Calcite
lime

Sulphur

29 a 2
5 g 0
2 s 0
2 = 0
2 = 0
2 s 0
1 =z 0
1 =z 0
1 s 0
1 = 0
1 s 0
1 s 0
1 =z 0
1 =z 0
1 = 0
1 = 0
1 s 0
1 s 0
1 =z 0
1 s 0
1 = 0

L5T2E9T1
.031190463

00010672167

018438387

.00014509123

nd

sitée and calcite
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Hydration of C;A + CaCO;

: — EMPAQ
Experimental conditions: React 5 g C;A and 1.86 g CaCO,

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

Without lime addition: check pore solution composition

EqIC EgPh ‘ EqDC | EqSurf ‘ EqGen ‘ 17/04/2014, 14:37

Reaction of C3R with Caco03
Tutorial 1 - Example 2

measured *

ICnam|b Ch u 1gm t© m t ‘ICnam‘

0 |a1 .. 0.037010516| -7.7140386e-018 -320.78351 -3.23426 0.00058309585 21 .. 2.32 mmol/I
1 |c .. 0.018583832 -1.747711%e-018 -185.38239 -5.1167551| 7.6426667e-006/C .. < 0.1 mmol/I
2 |ca . 0.074099606| —9.4617505e-018 -270.11949 -2.3628286 0.0043368203|Ca .. 3.19 mmol/I
3 | . 5.5508373| 6.1712309e-016 -47.838792 -2.0928406 0.0080753134|H
4 3.0047041 2.9560437e-016| -6.4856465e—-011 -1.9250176 0.01188453%|0
5 |s . 1e-009| 1.1494813e-025 -277.54608 -7.6659545| 2.1579703e-008|S
6 |zz .. 0 1.3430071e-020 20.574863 0| 2.9469924e-019 2z

pHcalc = 11.84 pH = 11.59
* measured at 25°C, aged 56 d, undersaturation

Solid phase assemblage:

CO;-AFm-calcite-aqueous phase experiments modelling

GEMS workshop, Diibendorf, May 7-8, 2014

32



Hydration of C;A + CaCO;

Experimental conditions: React 5 g C;A and 1.86 g CaCO,

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

Without lime addition:
supress formation of
gibbsite and
microcrystalline Al(OH),
and repeat calculation

=>Introduction of
metastability constraints

GEMS workshop, Diibendorf, May 7-8, 2014

Input: System Definition l Results: Equilibrium State ]

EMPAQ

Fhase/species

Oon/

=]
]

Add to BC

oG

G0 corr.

+

1]~

] O O O O O O O O O O O O O = B R

ag_gen
gas_gen
504 CH AFm
OH 504 LFm
504 CO3 _AFt
C03_504 AFC
Al (CH) 3mic
ARl1CHmic
Gibb=ite
Gbs=
Graphite
Aluminate
C2nHTS
C3LHG
C4nH13
CRH1O
C4n=H12
C44c0.5H1Z
C4ncHI1A
ettringite
Aragonite
Calcite
lime
Portlandite
Anhydrite
Gypsum
hemihydrate
Sulphur

= k3 B3 ORI R} LN ORI A

[

I e T e I T I B T I e e ey Sy S R S

i)

e [0 [0 [0 W0 003 [ |

T L
O A T T T S S S S S A A I N

+ 4+ 4+ + o+

(=== = = = T Y e R T I T I o o = = R = (1 T i

[ O e Y e O e Y e Y T e Y e O i Y e O i O e e O i Y e JO O e Y e O i Y e JO i O e Y O i Y e O i O e Y

L R = T L= = R = R = I = B = = [ = = = = I < = = B = B = I I O = = I = |

=]

[ O e Y e O e Y e Y T e Y e O i Y e O i O e e O i Y e JO O e Y e O i Y e JO i O e Y O i Y e O i O e Y

33



Hydration of C;A + CaCO;

Experimental conditions: React 5 g C;A and 1.86 g CaCO,
with 50 g water (add 1 g O, to simulate gas phase)

R g e e s

Without lime addition:
supress formation of
gibbsite and
microcrystalline Al(OH),
and repeat calculation

Formation of
monocarboaluminate and
small amounts of calcite,

as observed in the experiment

p F @ X

Input: System Definition

EMPAQ

VE B VB .

Results: Equilibrium State l

R O Y O O g O O e O O O O O o O O O O R 8

g W W W W W Wi wi Wi hwihE e oo

504 CO3_AFt
CO3_504 AFC
Graphite
LAluminate
C2LHTS
C3LH6
C44H13
CAHI1O
C4asH1Z
C44c0.5H1Z2
C4acHLI
ettringite
Aragonite
Calcite
lime
Portlandite
Anhydrite
Gypsum
hemihydrate
Sulphur

I I I R T I S S e B R R e R N R L TR

g 0 O g 09 D0 (0 Do 00 DO D9 D0 09 [0 L9 00 D0 00 o D0 Do g
DD D D00 00 000000 00000000

Phaze/specie= ‘ |T|Am0unt (mol)
+- & ag_gen 9 a 2.5728615
gas_gen 0.031150415
504 CH AFm
CH 504 AFm

018452666

00013073679

GEMS workshop, Diibendorf, May 7-8, 2014
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Hydration of C;A + CaCO;

EMPAQ

Experimental conditions: React 5 g C;A and 1.86 g CaCO,
with 50 g water (add 1 g O, to simulate gas phase)

Without lime addition: supress formation of gibbsite and microcrystalline Al(OH),

and repeat calculation

[ Al = 2.27 mmol/kg ]

t L

ICnam

m
[ C ~ 0.008 mmol/kg 0.0022697558
T.9685752e-006

0.0034126022
0.0045396865
[ ca=3.41 mmol/kg 0.011724956

Z2.15789%e-008
8.9209%63e-015

pHcalc = 11.60

nl
C
Ca
H
o
5
ZZ

measured
A 2.32 mmol/I
< 0.1 mmol/I
3.19 mmol/Il
v
pH =11.59

Phase assemblage:

CO,-AFm-calcite-aqueous phase
35
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Hydration of C;A + CaCO; + CaSO,

EMPAQ
Experimental problem part 3:

Reaction of C;A with calcium carbonate and calcium sulfate
59 CA + +1.86 g CaCO; + 2.52 g CaSO, + 2.5 g CaO
+ 50 g H,0

+ 1 g O, (oxidizing conditions, CO,-free = no carbonation)

molar ratio SO;/Al,O; = 1, molar ratio CO,/AlLO; =1

> Equilibrium speciation

GEMS workshop, Diibendorf, May 7-8, 2014
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Hydration of C;A + CaCO; + CaSO,

Experimental conditions: React 5 g C;A, 1.86 g CaCO;, 2.52 g CaSO,

and 2.5 g CaO with 50 g water (add 1 g air CO,-free to simulate gas phase)

1) Create new system

Q GEM-Selektor 3 [CL

( We can use the previous system as template J

because sulfate was already included

'._[; Modules | Record Data

Print Window Help

fb K Calculate
h H Save

Save As..,
| }c 7 Delete

Gt oy
=mo [V Plot data

| 9 Gge'mende or click icon
SysEq |_ « Remake...

Fa

ﬂ g Print...

We use the recipe wizard again

GEMS workshop, Diibendorf, May 7-8, 2014

[ =i * e G

Tnput: System Definition Results|

._l; SysEq: Please, enter a new record key:

Fhase/species

Fu

ag_gen
gas_gen
504 OH AFm
OH 504 AFm
504 CO3_AFC
CO3 504 AFC
Al (CH) 3am
Graphite
Bluminate
C2RHS

- [ [H-[H-[H- [ [F
L o 0 o Do 0 0 Co

|Tu1r:ria|_1:G:u:aI—gyp:[]:D: 1:25:0:

Tutorial_1 MName of the modeling project

G Thermodynamic potential to minimize {G GV}

1 Pressure, bar, or O for Psat{H20)g
25 Temperature, C (== 0)

0 Variant number for additional constraints

Ok Reset | From List Help

|.:a|-gyp Mame of the chemical system definition (CSD)
||] CsSD (redpe) variant number <integer =
0 Volume of the system, dm3 (0 if no volume constraint)

Cancel |

EMPAQ
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Hydration of C;A + CaCO; + CaSO,

Experimental conditions: React 5 g C;A, 1.86 g CaCO;, 2.52 g CaSO,

and 2.5 g CaO with 50 g water (add 1 g O, to simulate gas phase)

;ﬁ Input Recipe of Single Thermodynamic System: Tutorial_1:Gical-gyp:0:0:1:25:0: I. 2 ﬁ]
tname |Reacti|:|n of C3A with CaC03 and CaS04
Property Selection Recipe Input
Compos (xa_) . .
DComp (xd J AOH)3 503 Property Name CQuantrty Units
IComp (bi) Al203 1 |xa_ Aqua 50 g
Phase (xp_) Aqua 2 |xa_ C3A 5 g
KinJower (dll_) C3A 1 CaCOo3 186
Kin.upper (dul_) CH4 EALCS ; : g
G0 shift (gEx_) co2 4 |xa_ 02 1 g
Other Inputs Ca(0OH)2 5! bi_ _1P_nq M
a3 B Select all
ca0 Click on
Cas04 . Copy
Lypsum both solids
H2 Copy Header and Cells
H25
02
We do not need this anymore,
Input quantities of Compos(itions) contributing to B_ as we add now CaSO4
vector
Learn more Print | OK | Cancel |

GEMS workshop, Diibendorf, May 7-8, 2014

EMPAQ
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Hydration of C;A + CaCO; + CaSO,

Experimental conditions: React 5 g C;A, 1.86 g CaCO;, 2.52 g CaSO,

and 2.5 g CaO with 50 g water (add 1 g O, to simulate gas phase)

thame |Reacti|:|n of C3A with CaC03 and CasS04

EMPAQ

Property — Selection Recipe Input
Egrnnrﬁssii};aj] GE 03 Property Mame Quantity Units
IComp (bi)) \\ AI203 1|xa_ Aqua 50 g
Phase (xp_) 2 |xa_ C3a 5 g
Kin.l (dil_)
K::.uﬂp::: (dul_} 2. — - °
G0 shift (gEx_) o2 4 |xa_ 02 1 g
Other Inputs CalOH)2 5|xa_ Cas04 252 g
CaCQ3
C:G 6 |xa_ Cal 25 g
Casod
Gypsum N . .
2 Alternatively phases can be assessed via Dcomp
HzsOs (dependent compositions) xd_
Some phases like calcite appear also there,
nomenclature is different.
Input quantities of Compos(itions) contributing to B_
vector |

Learn mnrel

GEMS workshop, Diibendorf, May 7-8, 2014 39
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Hydration of C;A + CaCO, + CaSO,

This error message might occur now:

8 E06IPM: IPM Mai_ %

IPM cenvergence criterion telerance (Pa_DE) could not be reached (more than
l Pa_TIM iterations done):

oK

The reason is the solid solution SO,/CO;-AFt.

We try to fix this in the near future. As a workaround there are two possible
solutions:

1) Do not use this solid solution. Use the single phases instead.

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

GEMS workshop, Diibendorf, May 7-8, 2014
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Convergence problem - workaround

quilorium Modeling by Gibbz E g

B Modules Record Window Help

’33 |Project =l - H @ ﬂ r | | o B E{ =) | 9 | Tutorial_1:C3a:
q ,"'. R Tutorial_1:%:
é L T . I 2 Plists | Controls Settings | Config | 0a/04/2014, 13:22
SysE :
;.q 1 Tuworial1  [C3A| |pa sPP| GEMS-GUI v.3.1 r.2184 (rc) GEMS3K v.3.1 r.710 (zc) |
L) this example: |[z= ox | 1e-006|||pa TM|7000| [Pa 1G] 30000| [Pa aG | 1||[ra pac] ol
Process ¥
|:}{ le-5 works |pa pEE| 1e-013| |pa DFY| 1=-005| 1e-005| 1e-005| 1e-005| 1e-005) 1E—G05|ﬂ.e—006|
/
Gtbemo |pa D2 | 1e-017||pa D5 | 1=-020|||pa xm1| 1e-013| 1e-013| 1e-033 1e-02f| 1e-005|
ﬁ |pa EPs| 1e-010| o.fo1]| [pa canl 1| 1000] 0.001] [Pa DG | :Llcfcm|
%} > | pa DEV] 130 [ 1] o [pa pF | ©0.01] 0.01] [pa Dns| 1f.05]
l| I
Proiect |[papE| 1|[pagc| 2| [pamro] 2| -5/ 1| |Pa DRI| 1e-010

Covergence tolerance parameter: Minumum amount of stable phases:
use higher value, e.g. 1e-005, use lower value, e.g. 1e-023
maximum seems to be 5e-004

Smoothing parameter:
Do not touch the other values !!! use low positive value, e.g. 0.01
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Hydration of C;A + CaCO, + CaSO,

Experimental conditions: React 5 g C;A, 1.86 g CaCO;, 2.52 g CaSO,
and 2.5 g CaO with 50 g water (add 1 g O, to simulate gas phase)

2) Calculate equilibrium

Formation of AFt,
monocarboaluminate, calcite
and portlandite

No formation of monosulfoalu-
minate despite SO;/Al,O; = 1

solid solution:
90.5 mol% SO,-AFt
9.5 mol% CO;-AFt

Input: System Definition

Results: Equilibrium State l

EMPAQ

GEMS workshop, Diibendorf, May 7-8, 2014

Phase/species L |T‘Amount (mol) logSI/Activity Concentration

+--a ag_gen 29 a 2.3BgEL2E -3.114e-09

- g gas _gen 5 g 0.0311585546 —-2.73e-10

o 3 504 OH AFm 2 = 0 -1

o 3 CH 504 AFm 2 = 0 -1

IR 504 CO3_AFt 2 = 0.00682015901 6.873e-07
tricarkboalua J 0.00085073471 0.01168 0.095412984
ettringite M 0.0061694554 0.839471 0.90458701

3 CO3 504 RAFt 2 2 1.9742038e-007 0.07018

- = Graphite 1 =20 -82.23

- 3 Aluminate 1 =z 0 -38

o3 C2AHTS 1 2 0 -3.99

o 3 C3aHe 1 = 0 -2.489

o 3 C4AaH13 1 = 0 -3.19

o 3 CAHI1O 1 = 0 -4.,99

o 3 C4nh=H12 1 s 0 -1.058

e @ C4ac0.5H12 1 =2 0 -0.7002

e 2 C4AcH11 1 =2 0.011684712 -3.061e-08

- 3 ettringitce 1 3 0 -0.07599

- = Lragonite 1 =20 -0.1438

o3 Calcite 1 =2 0.004%466221 -1.445e-07

CARE-] lime 1 s 0 -9.776

CIRE-] Portlandite 1 =5 0.043706866 -6.743e-10

o = Anhydrite 1 = 0 -2.97

+o = Gypsum 1 = 0 -2.747

+ = hemihydrate 1 = 0 -3.736

+ = Sulphur 1 = 0 =119
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Hydration of C;A + CaCO, + CaSO,

Experimental conditions: React 5 g C;A, 1.86 g CaCO;, 2.52 g CaSO,
and 2.5 g CaO with 50 g water (add 1 g O, to simulate gas phase)

EMPAQ

3) ASSGSS Ca|CU|atlon EqIC EqPh EqDC ‘ Eqsurf | EqGen ‘nsfn4fzo14,13:4z

Reaction of C34 with CaCC3 and Ca504
Tutorial 1 - Example 3
Formation of AFt,
. . PHnam L1 [xa | Fa | phvol | phy
monocarboalummate, calcite 0o |2 ag gen 29 2.3865525| ~2 11421822000 42 negg? 43.016213
. 1 |g gas gen 5 0.031195546 — 8 0.99822004
and portlandlte 2 |s sS04 OH amm 2 0 [ Mart(ss) = 499 }0 0
3 |s OH 504 AFm 2 0 -1 N o
4 |= sS04 _cos aFc 2 0.0068201901| 6.8728173e-007 4,7852281 8.489707
NO formation Of monosu[fo_ s |s C03 S04 AFc 2| 1.9742038e-007 0.070175618|0.00013934524| 0.00024733198
B— . . § |= Graphite 1 0 -82.225518 0 ]
a[umlnate desp[te 7 |= Rluminate 1 0 -38.001849 o o
g8 |= czaE7s 1 ] -3.9895148 o 0
503/A1203 - l g |= C3nH6 1 0 -2.4204068 n ]
10 |s C2aH13 1 0 -3. - ]
11 |s caHio 1 0 —&.{ Mco3.arm = 6.64 g J 0
12 |s  C4nsHIZ 1 0 -1.057941 N ]
13 |= C4nec0.5H1Z 1 fal -0 TAn17asd o o
14 |s  C4AcH11 1 0.0116847 - 6.6421602
15 |= ettringite 1 [ mcaICite B 0.50 g Q
16 |= Aragonite 1 1] -0.1438323 4]
17 |8 calcite 1 0.0049466221| -1.44472952-007 0.18269853 0.49509256
g | lime 1 0 -9.7760821 0 0
19 |  Portlandite 1 0.043706866| -6.742948e2-010 1.44492439 3.2383537
20 |z Anhydrite 1 =2 9702427 ]
21 |= Gypsum 1 4] — a
22 |s hemihydrate 1 a [ mPortIandite - 3.24 g a
23 | Sulphur 1 0 -118.99824 o o
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Hydration of C;A + CaCO, + CaSO,

Experimental conditions: React 5 g C;A, 1.86 g CaCO;, 2.52 g CaSO,
and 2.5 g CaO with 50 g water (add 1 g O, to simulate gas phase)

EMPAQ

3) Assess Calculation

AqueOUS phase CompOS[tlon S EqIC EqPh | EqDC __ Eqsurf | EqGen | 08/04/2014, 13:42

. . LI d Reaction of C3a wicn lOtal-COnE. Ig aCtI‘"ty mOIaIIty
(SpeCthlOn, aclvities an Tetorial 1~ Examric ©  [mol] (activity) coeff. (mol/kg)
activity coefficients) — P o oo E B

o [a1(soe)+ 1.5803402e-035 -33.519634 0.82143385| 3.6795373e-034

oy 1 [a1(s04)2- o -36.693995 0.82143385 0

Aqueous phase CompOSltlon 2 [a1+3 1.6153245e-033 -32.245308 0.15111242| 3.7609919e-032

o . 3 |alo+ 6.7995432e-020 -17.885905 0.82143385| 1.583151le-018

(tOta[ mO[a[ltIE‘S) 2 [m102- 3.16847592-007 -5.217534 D.82143385| 7.3772249e-006

5 |alozHe 2.3923556e-013 -11.24765 1.0150365| 5.57016862-012

\l/ 6 |alom+z 1.8543084e-026 —24.72593 0.24353569| 4.3174227e-025

7 |ca(cose 2.3481928e-007 -5.2557428 1.0150365| 5.46734362-006

EqIC EqPh | EqDC | EgSurf EqGen & |ca(HC03)+ 1.5710125e-011 -9.5222061 0.82143385 3.6578195e-010

g [caisosre 3.9699481e-007 -5.0276207 1.0150365| 9.24330852-006

10 |ca+z 0.00069281553 -2.1534316 0.2353563 0.016133283

m T ICnam 11 [caocH+ 0.00018264103 -2.4567863 0.82143385 0.0042524672

- 12 [coze 1.0653084e-016 -14.599001 1.0150365| 2.48037862-015

T.3772305e-008 A1 .. 13 |co3-2 4.6513582e-008 -6.3265336 0.2353569| 1.0829849e-006
6.5547777e-006|C . 14 |HCO3- 1.7537942e-010 -8.4744073 0.82143385| 4.0833937e-009—

15 [cHae o -159.3121 1.0150365 0

0.02048400446867 | Ca 16 |H2@ 0 -44.65852 1.0150365 0

17 |o2e 5.56259462-005 -2.8811982 1.0150365 0.0012951493

0.04073122 (H 18 |5203-2 o -163.48781 0.4353568 0

0. 043454407 | O 19 |ES03- o -55.380556 0.82143385 0

. ! 20 [s03-2 o -50.123735 0.2353563 0

2 4618063=2—-005 5 21 |Hs0a- 1.1348816e-017 -15.663434 0.82143385 2.6423672e-016

22 |s04-2 6.603369e-007 -5.1743469 0.4353569| 1.5374752e-005

-1 .2602745e-017 |7z _ 23 |H25@ o -155.6577 1.0150365 0

24 |HS- o -150.17085 0.82143385 0
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Hydration of C;A - Summary of modelled results

EMPAQ

1.) C;A+CaSO,+CaO+H,0 = monosulfoaluminate(ss) + AFt + CH

traces

2.) C;A+CaCO;+Ca0O+H,O0 = monocarboaluminate + calcite, ... + CH

3.) C;A+CaCO;+CaSO,+Ca0O+H,0 = monocarboaluminate + AFt(ss) + calcite + CH

_excess portlandite present in all assemblages
T ms- metastable

(~2.75) ] AFt +gypsum + calcite

Phase diagram

SO3/Al,03-ratio [-]

Reaction 3)
AFt+Mc+Cc

Reaction 1)
monosulf.

Reaction 2)

AFt + Hc+ Mc
monocarb.

A

0 0.25 0.5 0.75 1 1.25 15

~0.11 ~0.22 ~0.32 ~0.43 ~0.54 ~0.65
GEMS workshop, Diibendorf, May 7-8, 2014 ( ) ( ) ( ) ( ) ( ) ( )

molar (and weight) bulk CO,/Al,O3-ratio [-]




