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Tutorial 1 - single systems: hydration of C;A

EMPA)
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 & Péllmann CCR 1991, Kuzel et. al
CCR 1996) for experimental verification
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Hydration of C;A + CaSO, — project setup

U

LEXTOR

]
3
M
&

GEM: dell Select one to open, or dick "New Project...’ to create

o P

|AluSiOMSA MUSICAluminsSilics
AragCalc MAragonite-Calcite
Ca-5r-CO8 Solid _scluvions
CaleDoly GEMSSX-test—sxample
Kaolinite Test-JNC

Kinetics Mineral-Ag-Reactions
Kyanite MylstProject

Solvus Test project solvus
TesTPNIDE Test-PSI-Nagra-TDE-07-12
TestER test project PRSV fluid
TestSUP9S Test-SUPCRT9S-linked

B 1e8 (T IS0 180 1LY

¥ Retain setup of aqueous (and gas/fluid) phases I Activate Project Remake wizard
™ Change file configuration of the selected project S mbael ST s Wi Syl (vl D1
(S i e i M sl [~ ATA mode (simplex) | Smart 14 mode {S14)
~Make a new project:

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

New Project [P cancel |

GEMS workshop, Diibendorf, May 7-8, 2014

Hydration of C;A + CaSO, — project setup

EMPAQ

E i’mject: Enter a new record key, please__

| Tutorial_1:C3a:

ITutnriaI_l Mame of the modeling project

Comment to the project definition

From List | Help Cancel
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Hydration of C;A + CaSO, — project setup

EMPAQ
Select CEMDATA14 (3™ party data base)
V5
T Ho
:
I 5o
5
I sk
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Hydration of C;A + CaSO, — project setup
EMPAQ
Select elements necessary to model C;A hydration
- - .reactive N”

(don't use here)

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

we can also use
just oxygen (O,)
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Activity coefficients

EMPAQ
Solubility product e. g. of gypsum

KSO = {Ca2+}'{SO42_}'{Hzo}z/{caSO4'2HZO}

Kso = {Ca?*}{SO,?} = 1048

{}: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

EMPAQ
) —AZNT
Debye-Huckel log Yopr = lonic strength 1<01M
¢ 1+ Ba1
Extended | —AZZ\/Y .
~-Hii (0] 9 =
Debye-Huckel &7 ca 1+Ba\/_
common a, common b (Helgeson) [<1-2M
individual a, common b (Truesdell-Jones) I<1M
[ <0.3M
individual a, no b
JI
Davies logy .. =—AZ"( —0.3]) 0.1<1<0.5M
Ca 1+\/7
_—AZNT
log . &m 1<3M
@ LsVT -2 em )

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

| & 1A with extended Debye-Hueckel equation (Helgeson), common b_gamma and a0, H
59
T 1A with extended Debye-Huecke! equation (ﬁwamv), mmon b_gamma

1A with extended Debye-Hueckel equation (Karpov), com |n.123 "l

[ mwith Debye-Hueckel equation, no b_gamma, individual a0, b_gamma(F.T) mode
| € 1A with Debye-Huecke! limiting law (very low ionic strength}, 1 [kon -l
| © Do not generate; select a user-defined Phase record from database { Q, lcmn o0 valus: e
3.67 -

| T Do not indude aqueous electrolyte phase into the system definition, N
' 4 Gamma (neutral species)

Phase record key: Ia AQELIA ag_gen

b_gamma(1,298) value: / T~

EMPAQ
Select model for calculation of the aqueous phase
1B setup of aqueou and gas phases in project: Tutoriall = =]
Selact Aqueous Electrolyte Model | Select Gas/Fluid Mixture Mode |
| ¢ Ion-association {IA) with Davies equation, D (default) ;a;eramtersfgm o

1) constant,
-> select at 298 K
2) f(pressure, temp)
-> electrolyte

a0=3.67 for KOH

= R iCaicuiete as b_gamma™I5 :j
Gamma {water solvent)
iFrom osmotic coefficient j > Calculates
Malality conversion .« .
2. . | Applied to all species -l aCtl Vlty Of WGteI’
o cance 1. _ coeck | Cgmm ) More details
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Hydration of C;A + CaSO, - project setup
EMPAQ

-

:_:_:- Syskg: Please, enter 8 new record key:

| Tutarial_1:G:gyp:0:0: 1:25:0:

. —
Name of the modeling project

IG Thermodynamic potential to minimize {G GV} — |

| Tutorial _1

—+——> Project name

5 Method (Gibbs free
energy minimization)

| avp Name of the chemical system definition {CS0)

> System definition

|EI 3D {redpe) variant number <integer >

—> Integer (default 0)

Iﬂ Wolurme of the system, dm3 (0 if o volume constraint)
|1 Pressure, bar, or O for Psat{H20)g _

[25 | Temperature, C (>=10)

> System volume
unconstrained

> Pressure (bar)

Iﬂ wariant number for additional constraints

Cancel

Feset Fromn List

Help

—> Temperature (°C)

10
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Hydration of C;A + CaSO, - system creation (recipe)

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

EMPAG)

-

rm Input Recips of Single Thermodynamic Systers: Tutorial_1L:Gigyp:0i0a1:25:0: : ¥ | ®
tname | *
Froperty Selection - | Recipe Input

Compos {xa_) - -

DComp (xd_) AILOHE 503 Property Mame Quantity Units

1Comg (bi ) AIZO3

Phase [p) Agua

Kinlower (dll_) C3Aa

Kinupper (dul_) CHd

G0 shift (gkx_) coz

Other Inputs Ca(0OH)2
CaCO3
Cal M M "
Cos0s .Recipe wizard
Gypsum . .
H (we will use this later)
H2504
02

Input quantities of Compos{itions) contributing to B_
vector
Learn more Print oK Cancel |
| o
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Hydration of C;A + CaSO, — system creation (recipe)

11

EMPA)

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

| T = kL SR

Phase/species

Input: System Definton |

 Equillbrium State |

{gyve

L [ &
u (-] 9 |Tutorial_t:G:qyp:0:0:1:20:0:

JL jljonl ue IAcld to BCJ ue i(}l} corT. ]UK JLewe’riKC i[lppe’]:jxc I!{C Type I |

Brings you
back to this
screen

®-- ag_gen

B gas_gen

[+ 504_CH AFm
&~ GH_S04 AFm
- 504_CO3_AFt
B CO3_504 AFc
B Al (OH) 3mic
- Gibbaite

B~ Graphice

B Aluminate

- C2AHTS

- C3AHS

- C4AH13

- CAH1D

B C4ASH12

B C4Ach.5H12
B C4AcH11

B eccringice
B Aragonite

B Calecice

B 1ime

B Porclandice
& Anhydrite

- Gypaum

& hemihydrace
#- Bulphur

30 a+ a9

L] J a

all main‘cément :

hydrates relevant to

System file is now created

Ul

the system  © ° “
Ca0O-Al,0;-CaSO,- The next step is to
CaCO;-H,0 included formulate the

1 se @ 0 o experiment we want to

- ;o simulate

1 s+ g9 o J o

i ot 8 9 i e J L

1 &+ a g J el

System: T= 20315K: P= L00bar; V=

L; Aqueous: built-in EDH(H): pH = 0.000: pe = 0.000: 5= 0000 m

Recipe input

Recipe wizard

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

EMPAG)

As we have no carbonate in the

i Moduies Wies : . system in the first calculation we
P = foroesrien ™ Onyeffswitch fol phases’” ¥ 1LY switch the carbonate-sulfate AFt
r . i o 2y B B B B Py . .
il |_ T o SRR gt systemDsficn | Resits Bl site | \ solid solutions off
=]
SysEq Phase/specics I ; o) I "'ypeql)n/caff)
ﬁ) + s e ¥ Input: System Definition | Results: Equilibrium State |
+ gas_gsn 6 a +
:;:ss + 504 OB AFm 2 8 :: Phase/species |L |Type|om'uff |UC |Ad‘ to BClUG |
A 25 s < s 7
L - gas_gen 5 o + a ] J
) T | & 504 0m aFm 2 s + 0 J
o bb i ) ¥ Gl QH S04 AFD Fl y O sl R
. . ol b ) * || soa coz aF 2 - 0 J
2 AFt solid solutions ¥ Graphice 10s + e ala \¢ T . 5
[y - Aluminate 1 = + \.ertringite M - M 0 I
Contammg - CZAHTS 1 s + ||=- cos_sosa_ars 2 = - g 0 J
sulfate+carbonate B CIANE L B || ooceicamboalu / 5 \C Moo :
- C4AHYS 1 -] # ...ettringite J — M [1] J
- CAH10 N ¥ 21 (0H) 3mic 1[ = = g 0 J
- C4EaRYD . £ = + Gibbsite 1 s - (=3 0 J
Project ¥ C4kcD.5HIZ2 1 8 + | B Graphite E + g 0 J
) 4T ] ¥ Aluminate = + =4 o] J
rare— O: :|zow SR S B
e Rrageniet = * | ®e caamis 1 s + g 0 g
- Caloipe 1 B + CRE1D N - + g o a
SOcARt y e i Pl o N
il 5 [ C4Rc0.5H12 1 s + g O J
ideal composition ¢ Annyarice s % I I e Lo ;s J
- Gypoaum . £ -] 4+ @ ettringite 0 J
+ - hemikydrave X ] + -~ Aragonite — ) J
e . - Azsgonite ) = junior end member ’ :
#-- Lime 0 J
Number of components — —— | & 3=,.....M = major; end- member - ;
Anhydrlte + ] J
1: pure phase of solid solutR)n oo ’
. . . hemhydrate 1 ] + g 0 J
> 2: solid solutions % Sulphur 1s s s o 3
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Hydration of C;A + CaSO, - system creation (recipe)

EMPA)

Experimental problem part 1:

Reaction of C;A with calcium sulfate

59 C;A +2529gCaSO, + 2.5gCa0O + 50g H,0

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

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

> Recipe > > Equilibrium speciation

recipe input
w tew X[} EY VELal0
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Hydration of C;A + CaSO, - system creation (recipe)

. — 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)
:_s ﬁ ..|s\,-sm-|.-a :‘ji I - H @h *: ’i"( + d [D f \.‘3.-‘ E [."_a s, 9 _|Tumu_1r:;:gpp.-o:0:1:2s:u:
™1 /\ z Tulorel LS
;;I. [T compos | bcome | Phase | acomp | Sufaces |  coofia | [o7mam01s, 2020

SysEq
r Reaction of C3A with Cas0d  Description of experiment
) Tutorial 1 - Exampie 1
Process
| Mazzes| o 1 1 1| o.06102 =5.79254
:.}h Volums 1 1| |Proea I 1 0| 0
GiDema
ac [cowp S |
o + |[ALlf(OH)3 MIN ARluminum-hydroxide. (g 1]
GEMZMT 1 + MEOE MIN Muminum—o;ldl_:_ﬂ_{_ @
2 |+ |Agua 20 1 mole H20 la —> =1
%‘; 3 + C3m MIH Iricalcium_almina_ L é -]
A 4 # |CcH4 GR Mechane 1M \g (1]
Praject et st ssd e
5 |~ lcoz GAR Carbon-dicxide 1M |g 0
[ + Ca{OH)2 MIN Calcium-hydroxide . |g 0
7 L C=003 MIN Calcium-carbonate . |g (1]
] + |(CeD MIN Calcium-oxide 1M  |g é 2.5
5 + |CaS04 MIN Calcium-sulfate 1M |g % 2.52
10 |+ Gypsum MIN Ca-sulface-ZH20-1M |g o
11 |+ |H2 GA Hydrogen 1M g 1]
15: 1+ (H2S GR Hydregen-sulfide 1. |g 0
3 B2 |H2504 AQ Solfuric-acid 1M |g 0
14 |+ |02 GA Oxygen 1M g —_ i
i5 |+ |503 BRA Sulfur-crioxide 1M |g 0
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Hydration of C;A + CaSO, - system creation (recipe)

EMPA
Check system definition m *md s K[ ¥[& ,1-";-'-.!..0

. Missing ICs CONFLICT WARNING! EXCLUDE ALL
We eXCl u d e Ca rbo n ate I n Mole amounts of some Independent Compaonents (IC) —l

Cc are missing in the calculated bulk composition vector RETAIN ALL |

th|S example (B_[i] < Pa_DE)!

CHECKOk

POSSIBLE ACTIONS: I
*EXCLUDE ALL these ICs together with DCs that

contain them and some Phases made of those DCs;

) > SW i tC h e S Off a | | *RETAIN ALL missing ICs by inserting a default

maole amount (below) into bi_ vector cells;

M * CHECK some boxes to keep these ICs in the
p h a Ses CO nta I n I n g C system by inserting a default mele amount into bi_;
unchecked ICs will be turned off together with all

DCs that contain them, Learn more. .. |
Default amount, mal (editable): I 1e-09 Cancel |
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Hydration of C;A + CaSO, - calculation of equilibrium

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)

Start calculation

w e X3 OCDB =0 (D)
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EMPAG)

m Converged at DK=1e-06 ? =

GEM IPM calculation (run time: 0 s).

(LT LT R

System:

ITutorial_l:G:gyp:0:0:1:25:0:

Iter 1. 4: 99
Gaseous 0.998137
Agqueous 45.0279
Liquid
Solid 14,9939
pH 12.4768

pe 8.29951

73

0.0526675

Dismiss

[T

Hydration of C;A + CaSO, - results

17

Input; System Definiion  Results: Equilbrium State }

View results

|

vsEq Ft o1 25 o Fhase/species lL JIJMcun\: {mol) ‘1oq511’i\ctivi\:y Concentracion Activicy coeff,
rp - ®-& aggen 23 & 2.4981636 5.026e-11
1 #.g gas_gen 3 g 0.031192944 -9.286=-14
! B8 504 _OH AFm 2 = 0.017842377 6.263e-08
Process -8 ©H 504 AFm 2 8 1.3688381e-007 0.0002714
-8 A1(OH)3mic 1 =0 -2.287
"): -85 Gibbsite 1 80 -1.833
L s Aluminate 1 80 -36.53
Giema -8  C2AE7S 1 80 -2.514
W s C3MHE 1 80 -1.014
ﬂ Calculated =  C4AH13 1 =0 —:L."ris
=  CAH1D 1 so -3.514
o i . wos  C4ASHI2 1 so -0.04888
Slngle %o s ecEringice 1 = 0.00066183761 -8.681e-09
%‘:‘ t - lime 1 ) 8,776
~ #--s Porclandice 1 = 0.04234913 2.633e-10
Proiect Sys em - Anhydrice ¥ 50 -3.437
- Gypsum X s 0 -3.214
[ ] hemihydrace ¥ 50 -4,203
- Sulphur ¥ 80 =118.5

'AC_on [0,0] : Selection of Composiitions) to be used in the BCC calculation { + - * )

System: T= 20845K P= 100bar; V= 08257 L; Aqueous: built-in EDH{H); pH =12477; pe= 8300; IS= 0053 m

GEMS workshop, Diibendorf, May 7-8, 2014
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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

i *am X[ 32

EPA A=

Inputs System Definifion Results: Equilbrium State |

SysEaq E‘J}‘P 1o {0125 [0 Phase/species JTiMcunt {mol)
,.9 - i L B-a aggen 23 & 24981636
) Hoog gas gen 3 g 0.031152944
R W = 504 OH AFm Z_50. 017842377 ]
Process OH_504_AFm 1.3688981=-007
I..{ solid solution +betw;een mconosulfate arad C,AH,;
ibb=site 1 s U
- #--3 Aluminate 1 L
GiDemo ® 3  C2AHTS 1 s 0
#- 3  C3RHE 1 S50
ﬂ #--3  C4AH13 1 80
3 CAH10 ] g0
o] i - | C4AsH12 1 s 0
| eccringice 1 5 0.00066183761
%‘} -8 lime 1 s 0
e it Porclandice ] 5 0.0423451%
Fraject %3 Anhydreice 1 so
+ = Gypaum 1 50
i e | hemihydrace : a8y
+ =3 Sulphur 1 Ll
19

Hydration of C;A + CaSO, - results

Consideration of solid solution formation

Input: System Definiton  Results: Equillorium State |

EMPA)

GEMS workshop, Diibendorf, May 7-8, 2014

Enase/species 11. iTgpe ]Anuilrl!: (mol) llchI,’m‘:tivity JCcncentratiun J_hcl:ivity coeff,
+ & ag_gen 23 a 2.4981636 -5.107=-10
+og gas_gen 3 -] 0. 031192544 -8, 54e-1%
A 504 CH AFm 2 5 D.0LTB423TT . nbBe-08
C4BHLS M 0.00131839 0.0192869 0.073890942 0.26101866
menosulphate J 0.0165253987 0.B93594 0.82610806 0. 96455058
73 et - | CH 504 AFm 2 = 1.3710124e-007 ©.0001158
3 Al (CH)Smic -k & o =2.287
DI | Bibbaice 1 s L4 =1.833 . A
¥ = Aluminace B 0 ~36.53 solid solution:
48 C2AHTS 1 C] ol =2.5d4
48 C3AHE 1 C] ol =1.014
£ = CanHIS Bl il 1.1e 93 mol-% monosulfate
- CAH10 1 C] ol ~3.534
T3 gt - | C4AsH12 1 L} o -0.04886 O,
#- 83 eccringice i & 0.00066153746  5.506e-08 7 m0| %o C4AH13
48 lime 1 C] L1} =8.776 I
#-- 8 Portlandite 1 L] 0.042349131 -1.816e-05 => o
#-- 8 Anhydrice 1 L] ] ~%.437 Ca4A Z(OH)12‘16(SO4)0‘93 6H20
#-- 8 Gypsum 1 | o ~H.234
+ 3 nemihydrate 1 & e =4 .208
#- 8 Sulphur -k L] a -116.5

20



Hydration of C;A + CaSO, - results

BEr==  m tildm ¥V

= 8f|rmu,1:smm:c:nzs:u:

c E ¥ '

R Tuioral_fe¥ R Rt

Input: System Definifion  Resuls: Equilbrim State |

|

1'] Amount (mol)

|1uq

Accivicy

Concentracion |Activicy coeff.

SysEg rl'ﬁ')'l’ fﬂfﬂ§1=5 i Phase/species
,Q > PR = B--a ag gen 23 a 2.4981636 5.0268-
) (=3 gas_gen 3 g 0.031192944 =9.286-1
h Ll 504 OH AFm 2 5 0.01TE42377 6.263=—089
Process 3 ©CH_SC4 AFm 2 3 1.3688981e-007 0.0002714
I 3 Al(CH)3mic 1 s —2.287
:}{ 8  Gibbsice 1 &0 -1.833 .
8 Aluminate 1 &0 -36.53 |
Gtemo a  CRAHTS 1 so -2.514 VIeW
3 C3AHE 1 80 -1.01%
ﬂ 3 C4AH13 1 s0 -1.715 d . |
- | o= o etailed results
it s CtAsH12 1 s ~0.04886 I (
3 eccringite 1 5 0.00D66183761 -8.681e-09
%} | lime 1 50 -89.776
3 Porclandice 1 5 0.04234913 2.633=-10
Frgient s Anhydrice 1 so -3.437
3 Gypsum 1 s'o =3.21%
3  hemihydrace 1 so —4.203
-] Sulphur 1 50 =119.5

System: T= 20815K; P=

"AC.on (0,0} : Selection of Compositions) to be used in the BCC calculation [+ - * )

100bar; ¥ = 08257 L; Aqueous: built-in EDH{H); pH = 12477; pe= 8300; I5= 0053 m

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

EMPA)

Detailed information about composition of aqueous, gaseous and solid phases

m SQlidiphases 1 V@ |\ e | @ Fomamsorss

GEMS workshop, Diibendorf, May 7-8, 2014

=
EqlC | EaDC Ecurt Egen | o7jo4/a01s, 22119
total —— =
= amount Volume Mass |
[mol] [em?] [g]
PHnam |L1 lxﬂ Fa JDhVﬂl |phﬂ l - 11 03
0 [2 aggen 23 2.4981636) 5.0262098=-011] 45_07233 45.027313 | Msos-AFm = ° 9
= 5as_ gen' a - 031192944' -9.2864735e-014 773.26408 | u 998136?9
2 |= sS04 o AFm 2|  0.017242377 a 2631415a- 0'69"' 5. qs.'rsz'" 11.025425
s |= o= 504 aFm EY 35°3931e—097' 0.00027143681 | 4.1977575e-0...| B, 4640392-005 |
i ""'[fmi Imic 1 —2.238382 o a|
[§ |5 Gibbsite 1] =1 3334313 o| o
6 |= Zluminace R —36.526244 o al
7 |s czamis 1] —2.5138908] o g
e s Csaze 1 =L E:—L":S:r'éié_ o a|
10 |= caslo 1 -3.5141277| 0 al
11 |=  cam=miz 1 -g. 043359341 o g
12 |5 sttraingite 1 761 —5.6810579e-009  0.46793307  0.53067959
15 |5 1ime 1] ; -9.776082| o| o
13 |= Porl:land:.ce 1 0.04234013] 2 63259862 010|  1.4000622] 3.1377614|
(15 |= Anhydrn.e 1] - -3.4367853] ' o ' "o
z s Gypsum 1 B —3.213688) o a|
17 1= hem‘lydra\:e i ol e B 2029539 o 1] . - .
E s Sulphur Y o —119 46479 o/ al MPportlandite L 9
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Hydration of C;A + CaSO, - results

EMPAQ
Comparison of modelling vs. experiments:

Hydration of C;A at SO5/Al,O; = 1, 28 d at 25°C, solid phases by XRD

300

SO4-AFm
250 4

200 A

150 -

Intensity [cps]

100 - Portlandite SO4-AFmSO -AFm

50 - SO4-AFt Portlandite

s 12

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

EMPAQ
Composition of aqueous phase

(W EqPh EqDC Eqsurf EqGen ||0?.|’04f2014, 22:19

total molalities in

- aqueous phase
ICnam|b Cb u lgm © m t ICnam

(1] &1 0.037010516| -4.3927555e-018 -325.00408 -4.,39433% 4.033304e-005 A1

1 Ca .. 0.11860702| -7.8053431=-018 -266.17062 -1.65805294 0.020392507|Ca ..

2z H 5.5508373| 1.4056818e-016 -47.839143 -1.35901083 0.040727867 H

3 o - 3.06875738| -3.436111e-016|-1.0652328e-013 -1.3621855 0.043432463 |0

4 3 - 0.018510003| 2.1963777e-018 -275.07784 -5.0753463 8.4072447e-006 |5

& Zz . 0| -1.6683228e-0189 19.11033 0 T7.164635e-018 |Zz

GEMS workshop, Diibendorf, May 7-8, 2014 24




Hydration of C;A + CaCO;

EMPAG)

Experimental problem part 2:

Reaction of C;A with calcium carbonate

59 C;A + 1.86 g CaCO; + 2.5 g CaO + 50 g H,0

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

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

> Recipe > > Equilibrium speciation

GEMS workshop, Diibendorf, May 7-8, 2014 25

Hydration of C;A + CaCO;

GEMS workshop, Diibendorf, May 7-8, 2014

Experimental conditions: React 5 g C;A, 1.86 g CaCO; and 2.5 g CaO I
with 50 g water (add 1 g O, to simulate gas phase)
1) C reate neW System r._::_. Syskq: Please, enter 2 new record key: ? &
Tutorial_1:G:cal:0:0: 1:25:0:
¥ GEM-Seleitor 3 [GEMS3) - Geochemical Equilibrium Modelling T —
e fﬂﬂm 0]
l- Modu!es Record Data Calc ate View Pri agow '___ e i
J : A
':B @ B2 Create{New)... v! 2 = Lot
S HeaACiondl. [l Mame of the chemical system definition {CSD)
a | ® [ g Msgmenye or click ﬂfﬁh) ol lo G i) Wt e K
[_ 7 Remake.. Phase/spt IG Volumme of the system, dm3 (D if no volume constraint)
,3, Crlcaate [ = ag @ I 1 Pressure, bar, or 0 for Psat(H2O)g
“u) e S : if;':—'. |25 Temperature, C (»=10)
TSR 2 - OH_Si [o Variant number for additional constraints
. Save As.. #5048 |
:}l * Delete = 3315 Ok | Reset | From List J Help Cancel J
|| G0=m | 1A plot data + - Gibb L
" +-- Grap
ﬂ = Print... T
¥ - C2AH
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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)
2) Enter initial system composition
'm Input Recipe of Single Thermodynamic System: Tutorial 1:Gical0:0:1:25:0: ? =2
tname ]
Property Selection | Recipe Input
Compos (xa_) AOHR =03 Property Name . Quantity Units |
1Comp (bi] ARgs 1fsa {Aqua 50 g
Phase (p.) |_ oy gm. |02 L 9
I(m.lcrwer ] C3A 3 xa 34 X -
omnee | |cor e w0 |5 le
Other Inputs Ca(0OH)2 Sixa CaC03 136 g
CaC03 i .
Cal
Lasg
Gypsum
H2
H2S . .
g This time we use the

vector

Input quantities of Compos{itions) contributing to B_

recipe wizard

print ||

Learn more | |
GEMS workshop, Diibendor;’, May 7-8, 2014 J 27
Hydration of C;A + CaCO;
EMPA)

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 w *kd®= % ¥ J OV L= @

we leave the possibility of
sulfate addition in the system

GEMS workshop, Diibendorf, May 7-8, 2014

1.)

2

.
1= Tutorial T:Gical0:0:1:25:0; 7

Missing ICs

CONFLICT WARNING! EXCLUDE ALL
Mole amaunts of some Independent Components (IC)
are missing in the caloulated bulk composition vector RETAIN ALL
(B_fil <Pa_DE)! _RETANAL |

POSSIELE 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
male 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 1Cs will be turned off together with all

DCs that contain them. Learn more. ..
Default amount, mol (editable): I 1e09 Cancel

[ Cosece ]
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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)

3) Calculate equilibrium

! — : :- . x r R
- E ] X E SysEQ <l ,0 ,0 _71 15 .° Pi‘fasefspecies ‘L JTJmun: {mol)

[2{ayp [0 ]0 1 ]2 [0 [ aq_g=n 38 & 2.52882%4

; gas_gen 5 g 0.031192201
504_OH AFm 50
GH_504_AFm
502_CO3_AFt
CO3_504_AFt
A1 (CH) 3mic
Gibbsice

w

Graphite
Aluminace
C2AHTS
C3RHE
C4AH13
CAH1D
C4AsH12
C4Ach.5H12
C4AcH11
eccringice
Aragonice
Calcice
lime
Porclandice
Anhydrice
Gypsum
hemihydrace
Sulphur

Formation of
monocarboaluminate, ﬁ
small amounts of calcite
and portlandite

-01850509

.8443787e-005

- 043654238

-
T O O R
L Tl R S L S S S S S S S S S S SR R
L I R R R TR R R P R R T R R R PR R T
CO0000d0000000000000000

System: T= 20815K; P= 10Dbar; V= 08252L; Aqueous: built-in EDH{H
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Hydration of C;A + CaCO;

EMPA)

Detailed results
gic ||[ ewn | Eoc | Easef | Easen | ospamors 4

Reaction of C34 with CaCO3
Tutorisl 1 - Ixanpie 2
BHnam |21 %= Fa phvol ohi

a ag gen [ 28] 2.5299294 | -7,6990275e-010 45645478 45.60038

g gas_gen [ 5| 0.031192201 | -1,5452046e-010| 773.24568| 0,99811302|

s 504 OH AFm 2] | -1 ol 0|

s 0H 504 AFm 2| [ T o| a

s S04 CO3 AFc 3 o 1 o a

s O3 S04 AFc 2| o =y a| 0

s &L{0H|Zmic 1] a -3,0283947 | ol 0

s Gibbsite 1] o —2.57124486| o 0

= Graphice 1 o ~B2.225518| o a

Formatl'on Of s  Aluminate 1 o -38,001871] ol 0
. s C28HTS 1] o -3,9855155
monocarboaluminate, s cemme L o -z.4e04077]
. s caamEls 1 0 ~3.1303604
small amounts of calcite . o 1 S XL
. s  CansHlZ 1] o —4.1075232|
and Portlandlte s CiAc0.SHI12 1 o ~0,70017977|

DT = T T PR LA I S

= e - [ Meyene = 0.008 g .

= Aragonite 1 e (1]

s Calcize 1| 7.B443787e-005| —2.6182B02e—-010 0.0028972427+ 0,0078512033 |

= lime 1 o ~8,7760823 | o o

s Portlandite 1] 0.043658238| 1,4981742e-008 1.4432091 3.2324603

s &Znaydrite 1] o -6.0198243 g 0

|=  cvosum 1 o -5.7367051 al

30
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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) Re

peat calculati

on without lime addition
C AT R LS ‘a‘(_ T _v@: 9 [rera_sciom ot 7:. ¥ «’vtl=

orial_L G

[ compos pcome | phese | momp | suheces | confio | oameans, Input: SystemDefinibon  Resuts: Equilbrium State. |
Reaction of C3A with CaC03 FRAIT |L Jl’] BACHE: BNl |
Tutorisl 1 - Example 2 =8 e _gen X9 & 2. 6728571
- g ges_gen s g 0.03119%0463
+o3 304 CH AFm Zz 50
mssesl__ o) L 1] 1| 0.05788| &.68524 W a 9H7§95:m| 2 a0
T #-8 304 CO3_AFT Z =0
el il 1] [proce | £ a 2 #--8 CO3 504 AFT z 80
#- 8 Al(OH)3mic 1 =0
ac [covp [IET J # 3 Gibbsite 1 3 0.00010672167
A 0 HEN Slomisus-nydroxide. W | #- 8 Graphite 1 =@
i + R1203 MIN Aluminum-oxide 1M |g Q| - | Aluminate 1 a0
2 |+ |aqua 20 1 _mole #20_ P 20/ #- 8  CRAHTS 1 =9
s [+ |caa MIN Tricalcium alumina |g 5| #- 8  C3AHE 1 a0
FEEED GL Methame 1M |a 9| #- 8 C4RHIS L &5
s |+ |coz GA Carbon-dioxids 1M | g 0| E-n GO L 8%
=1 == 1 EH—-a C4AsH12 .8 a9
o it ol i e ___5 # 8 CARcO,5H1Z2 1 =80
".l_ * _Ca_CO3 MIN Calcim—ca:‘banar_.e___g 1.886| & A CakcH11 1 3 0.018438387
s + cao MIN Calcium-oxide 1M o + a eccringice ;.8 a g
—9—— + Eaééq HIZ\I E:a]‘.‘cr\:mfsul.far.e_i}-!_ .q a| - a Aragonite i 39
10 |+ |Gypsmm MIN Ca-sulfate-2H20-1M_|g a| #- 8 Caleice 1 s 0.00014509123
11 [+ (=2 GL Hydrogen IM_ la 8| o= daime ro=e :
12 |+ [ms G Hydzogen-suifide 1g g Formation 6f monocarboaluminate and
13 |+ HZS504 BD Sulfuric-acid 1M g a| P q a
1|+ |oz A Cxyges 1M g i smadll.ambdiihts of gibbsité and calcite
[18 |+ |so3 GA Sulfur-trioxide IM_|g 8| B8 BulphuE 1 80 ]
GEMS workshop, Diibendorf, May 7-8, 2014 31

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

I EqIC EqFh | EqDC | EqSurf | EqGen | |17f04f2014, 14:37

Reaction of C3A with caco3
Tutorial 1 - Example 2

measured *

ICnam|b Cb u lgm t m t ICnam

0o |al .. 0.037010516 -7.7140386e-018 -320.78351 -3.23426 0.00058309585 A1 .. 2.32 mmol/I
1 |cC 0.018583832 -1.747711%=-018 -185.38239 -5.1167551 7.6426667e-006 C <0.1 mmol/l
2 Ca .. 0.074099606 -5.4617505e-018 —270.1194% -2.36282886 0.0043368203 Cca .. 3.19 mmoI/I
3 |B 5.5508373 6.171230%e-016 -47.838792 -2.09284086 0.0080753134 H
4 3.0047041 2.9560437e-016 -6.4856465e-011 -1.9250178& 0.01188453% 0
5 |5 1e-008 1.145%4813e-025 -277.54608 -7.6659545 2.1579703e-008|5
6 iz .. 0 1.3430071e-020 20.5748863 o 2.9469924e-018 Zz

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

Solid phase assemblage:

CO4-AFm-calcite-aqueous phase experiments modelling

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)

Wlthout ||me addltlon: Input: System Definition I Results: Equilibrium State |
supress formation of Phase/species |L |:r|0n.f|UC |Add to BClUG |G0 core.
. . ag_gen 23 a + g 2] J Q
gibbsite and L, Zoeroe 70
microcrystalline Al(OH); ¥ 504_OH AFm 2 s+ g O 7 0
: [ OH_S04_RBFm 2 s+ g O J o
and repeat calculation - 504_CO3_AFt 2 s+ g 0 g 0
[ CO3_S04_AFt 2 = g 0 J o
El- Al (OH) 3mic 1 g g 0 J a
. b A10OHmMiC qd M 4] J a
=>Introduction of = Gibbsite 1 4-]a o 3 o0
o . e Bhs . M a J aQ
metastability constraints B Graphite 1 sV g o0 3 o
- Aluminate 1 s + I+ 0 J Q
[ C2AHTS 1 =+ g 0 J o
Bl C3RAHE 1 =+ g o0 J o«
[ C4AH13 1 =+ g o0 J o«
[ CAH10 1 s+ g 0 J 0
[ C4RSH1Z2 1 s+ g 0 J 0
[ C4AcO . 5H12 1 s+ g O J o
[ C4AcH11 1 s+ g 0O J o
- ettringite 1 s + I+ 0 J Q
- Aragonite 1 s + g 0 J Q
- Calcite 1 s + g 0 J 0
[ 1ime 1 = + g 1] J a
[#- Portlandite 1 = + g 1] J a
[+ Anhydrite 1 s + g [4] J a
[+ Gypsum 1 s + o4 0 J a
[ hemihydrate 1 3+ g 0 J o
- Sulphur 1 s + I+ 0 J Q
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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: Er

supress formation of E =P 7: V[ D\/VE]:E";:
gibbsite and

microcrystalline Al(OH);

Input; System Definition  Results: Equilibrium State |

. Bhzse/3pecies IL I‘l'lhmount imol)
and repeat calculation e Ene e
1§ gaa_gen 5 g 0.0311%0415
-8 SO&_GH_AFIE. 3 s 0
%3 OH S04 AFm 2 =0
. -8 503 _CO3_AfFc 2 =0
Formation of ©- 3 [C03 504 APt 2 =0
. £ g~ | Graphite 1 i
monocarboaluminate and % 3 Aluminace 1 =0
. -8 CZRHTS 1 =0
small amounts of calcite, s 3 CanHe 1 50
° ° Lo | C4AH13 1 i
as observed in the experiment % s CAHID 1 =0
+ 3 C4asH12 1 s 0
L - | C4AchD,.SH12 i =0
- | C4AcH11 1 = 0.018452868
-8 eccringice 1 -
+ 3 Aragonice 1 s 0
+ =3 Calcite 1 = 0.0001307%967%
£ -~ | lime 4 o
+ = Porclandice 1 s 0
T | Anhydrice 1 i
+ a3 BypaIum 1 i
T ] hemihydrace 1 = 0
- | Sulphur 1 = 0
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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 AIl(OH),
and repeat calculation

m r
Al = 2.27 mmol/kg ] easured
|1Tl = / ICnam A
[ C~0008mmol/kg | 0.0022697558 A1l .. 2.32 mmol/I
S~ 7_9g85752e-006|C  _ < 0.1 mmol/I

0.0034126022|Ca . V 3.19 mmol/Il
0.0045396865 H
Ca = 3.41 mmol/kg 0.011724956 |0

2.157899e=-008 |5
8.92095963=-0159 | 2=

pHcalc = 11.60 pH = 11.59

Phase assemblage:

CO,-AFm-calcite-aqueous phase
GEMS workshop, Diibendorf, May 7-8, 2014 35

Hydration of C;A + CaCO; + CaSO,

EMPAQ
Experimental problem part 3:

Reaction of C;A with calcium carbonate and calcium sulfate
59 C;A + + 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,/Al,0; = 1

> Equilibrium speciation
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Hydration of C;A + CaCO; + CaSO,

EMPAG)
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
We can use the previous system as template
[ GEM-Selektor 3 because sulfate was already included
|« Modules | Record Data Print Window Help
I : ;
DB ot
B MNew(Clone)... H 3 =
BI' " 2 s mentfe or click icar o osiniton  Real®) Jo Sysbe Plesse, enter 3 new record key: G
S¥EQ | & Remake.. E'Tﬁi"mzzi;'; | Tutarial_1:G:cal-gyp:0:0: 1:25:0:
! il Save #--3 S04 OH AFm M—— o
Process # 3 DH 504 AFm [6 rhermadynamic potential to minimize {G GV}
Save As.. o= S04 CO3 AFt
| Sc ¥ Delete #--3 CO3 504 AFt [cal-gv Name of the chemical system definition {CS0)
_n.d Lty ¥ -3 AL{DH)3am To YT p—— e
GtDema l_ Plot data o= Graphite
ﬂ s + o= Bluminate Iu Volume of the system, dm3 (0 if no volume constraint)
= Print.. + 2
» K. II Pressure, bar, or O for Psat(H20)g
[35 Temperatue, C (>=0)
|0 Variant number for additional constraints
We use the recipe wizard again ~ ( { T | B i R
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Hydration of C;A + CaCO; + CaSO,
EMPA)
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)
i Input Recipe of Single Thermodynamic System: Tutarial_1:Gical-gyp0:0:1:25:0: m
thame |Re-a|:t|onaf C3A with CaC0d and CaS04
- Property -~ Selection - Recipe Input
gg'g:s(g’_—]} TTE oo Property Name Quantity Units J
IComp (bi_) ARO3 1|xa_ | Aqua 50 |9
Phase (xp_} Aqus 2|xa_ A 5 g
Kinsiper ity | [co ccos s s
GO chift [gEx) ca2 1 (g
Other Inputs CaOH)2 1209 M
Lato3 Select all
Cald H
g Click on ==
Gypeum both solids
H2 Copy Header and Cells
H25
e
02
We do not need this anymore,
E;ﬂ quantities of Compositions} contributing to B_ as we add now CaSO,
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)

EMPAG)

| tnhame |Reaction of C3a with CaCo2 and Cas04

Property Selection | Recipe Input

Compos (xa_| -
DComp (xd) AOHS Property Mame Quantity

IComp (bi_ 1|xa | Aqua 50
Phase [p ) 2 |ua C3A 5
oo 3|xa [cac03 186
Kirupper (dul_) t T

G0 shift (gEx ) 4]xs 0 1
Other Inputs 5|xa CaS0dq 2.52

6 |xa Cal 25

™ Alternatively phases can be assessed via Dcomp
(dependent compositions) xd_
Some phases like calcite appear alﬁo there,

nomenclature is different.

Input quantities of Compos{itions) contributing to B_
vector

GEMS workshop, Diibendorf, May 7-8, 2014 39

Hydration of C;A + CaCO; + CaSO,

This error message might occur now:

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

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.
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Convergence problem - workaround

EMPAG)

58~  Imthew A Rl a0

7| B | rutonal_t:* T
éI: | 1 B PLists | Controls setings | Config |;wmﬂ;_&.zz

Siee [T Tuorsll (GO

Ii!a EPPI GEMS-0I w.3.1 z.2184 (zcf GEMSIK v.3.1 =.710 (zc}

this example: [Pa DR | 1=-006||[Pa rmm[7000] [Pa Lic] 30000| [Pa ac | 1] |[2a Dac 2|

|:X le-5 works |Pa pHB| 1=-013| [pPa DF¥Y| 1e-005] 1e-005| 1e-005| 1=-005| 1e-005] 1=—ﬂosif1e—nuag

ipa EBI 1e=01T |Pa DSI 1le=020 Pa ¥MI| 1e-013 1e-013/ 1e-033| 1e-02 | 1e=005]

H [Pa Eps| 1e-010] o.f01] [pa can] 1]  1000] 0.00i| {Papa | 1goo]

% ) [p2 pev] 130 / 3] offsape| o.01] o.01)|vsmms] 1F.05]
Profect lrape | 1f|page| 2/ |paean] 2] -5/ 1| |pa DKI| 1e-010]
e ] =5 _

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)

EMPA)

2) Calculate equilibrium

Input: System Definibon  Results: Equilbrum State |

. Fhase/apecies l L l I! Ampunt (mol) 1og8X/Apeivity Concentracion
Formation of AFt, =y 2 s zaRese  n.iiieas
. . [ | gas gen -4 g D.081195546 -2.73e-10
monocarboaluminate, calcite B8 S0t GH APm 3 W B
. #-3 ©CH 504 AFm 2 =90 =3
and portland[te B8 504 _CO3 AFc 2 8 0.0068201901 6.873-07
tricarboalu 7 0.00065073471  0.01168 0.095412986
ettringite M 0.0061694554 0.8539471 0.90458701
. W3 CO3 504 AFc 2 = 1.97420382—007 0.0701%
No formation of monosulfoalu- | = = ceseeaee. 1 .m0 4203
[ — 58 C2AMTS 1 an -3.99
minate despite SO,/ALLO; = 1 -y s L ;.
%3 C4AH1S 1 =20 =%.19
43 CAHIO 1 =20 —4.99
W8 CARsH1Z 1 =20 -1.058
+ -3  C4kcD,5H12 1 =20 -0.7002
%3 CaRcHL1 1 5 0.011684712 -3.061e-08
H H . -3 ectringice 1 a9 -0.0759%
solid solution: + 3 Aragonite 1 =20 —0.1438
%8 Caleive 1 3 0.0049466221 -1.4452-07
0, - - lime 1 a9 -5.776
90.5 mol% So4 AFt %83 Porclandite 1 = 0.043T06866 -6.743e-10
%83 Anhydrite 1 =20 -2.97
9.5 mol% CO,-AFt - 3 Gypam 1 a0 2l
+ 3 hemihydrace 1 a9 -3.736
+Hoo3 Sulphur 1 a9 =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)

3) Assess Calculation

Formation of AFt,
monocarboaluminate, calcite
and portlandite

No formation of monosulfo-

aluminate despite
SOy /ALO; =1

GEMS workshop, Diibendorf, May 7-8, 2014

EMPAG)

EqiC EqPh eoc | eswf | Eqoen | lospajpors, 1342
Reaction of C3A with CaC03 and CaBS04
Tutorial 1 - Exanple 3
PHnam |z1 |xa | Fa | phvel £l
(1] a aq gen 29 2.3665523 L2 0009 432 NEZRT 43.,018213
i g gas_gen 5 -031195546 —-— 0.599822004
4 1 Mppyes) = 8499 : ,

2 |= so4 oH AFm 2| o o
3 -] OH 504 AFm 2 8y ot Li]
= — | il |
4 -] S04 _CO3 AFT 2| 0.006820190L| &,8728173e-007 4.7852281 B.489707
5 a C03 509 AFt 2| 1.9742038e-007 0,070175618]| 0.00013934524 | 0,00024733198
8 -] Graphite 1 0| -82.225518 i o
T - Aluminate i a —38.001863 0 0
L3 : | ! : 4 }
8 -} CZRHTS 1 o -3.885951468 0 o
9 -] C3LHE = 9| =2,480408¢ ] g
10 |= C4RH1S 1 a| o I [1]
i1 i CAH1D 1 8 =4 o
1z |= C4Rsni1z % o =1.0575941 1]
13 )2 C4hcO.5HIZ = - =0 o e o
14 |2 C4lecHI1 1 0.0116847 —_ 6,8421602
[5a I Mcalcite = 0.50 g 1
i5 = ertringite 1 o
16 |= Aragonite - X e} -0.1438323 o
17 |= Caloive = 0.00459466221 | -1 ,44472595=-007 0.18269853 0,49509256
18 | lime i g -9.,7760821 o 0
i3 j& Portvlandite 1 0.043706866 -8.742948e-010 1,.444545 3.23983597
20 |= Bnhydrite - % el = 5 o
21 I8 Gypaum = 8| o
=2 ] Lo | “l'm . = 3.24 |
22. |= hemihydrate 1 o Portlandite ° g o
23 & Sulphur - | i F) =11B8,99824 i o

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)

3) Assess Calculation

43

EMPA)
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Hydration of C;A - Summary of modelled results

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

2.) C;A+CaCO;+Ca0O+H,0 = monocarboaluminate + calcite,,,... + CH

3.) C;A+CaCO;+CaS0O,+CaO+H,O0 = monocarboaluminate + AFt(ss) + calcite + CH

_excess portlandite present in all assemblages
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