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Tutorial - single systems: hydration of C;A
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Hydration of C;A

1) Simulation of reaction C;A + CaO + CaSO, Guided tutorial
(Lecture 02)

—

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,

—




Hydration of C;A + CaO + CaCO;

Experimental problem part 2:

Reaction of C;A with calcium carbonate
59 CA + 1.86 g CaCO; + 2.5 g CaO + 50g H,O
+ 0.1 g O, (oxidizing conditions, CO,-free = no carbonation)

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

> Equilibrium speciation

Materials Science and Technology



Hydration of C;A + CaO + CaCO;

@ Empa

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

Materials Science and Technology

with 50 g water (add 0.1 g O, to simulate gas phase)

1) Create a new system within the same project

;ﬂ GEM-Selektor 3 (GEMS3) - Geochemical Equilibrium Modelling by Gibbs Energy

'._[; Modules | Record Data Calculate View Print

- -

Process

i

GtDemo

fiE

GEM2MT

il

UnSpace

£,

Project

¥ Mew(Clonel...

(

2 Display

use menue or

se/species

# Remake.. Click icon

Calculate

H Save

Save Ac...
7 Delete

l ! Plot data

== Print...

F3

] ] ] O O O s R o O O O O O O O R e

indow Help

stem Definition

ay_gen
gas_gen
ettringite
504 CH AFm
CH 504 AFm
504 CO3 AFt
CO3_504 AFt
Al (CH)3am
A1 (CH)3mic
Gikbsite
Graphite
Mayenite
Aluminate
Ch

CaZ

C2AHTS
C3AHe
C4aH11
C4AH13
C4aH1S

Resul

.__:_; SysEq: Please, enter a new record key: [4 s

|C3.-5.:G:C3.-5.-C|::III:D:1:25:EI:

|C 34 Mame of the modeling project
give a new name
|G Thermodynamic potenial (o minimize 4a avy
|C3A - Mame of the chemical system definition (CSD)
|III 5D (redpe) variant number <integer =
a Volume of the system, dm3 (0 if no volume constraint)

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

|III| Variant number for additional constraints

Ok Reset | Fram List Help Cancel




Hydration of C;A + CaO + CaCO;

Experimental conditions: React 5 g C;A, 1.86 g CaCO; and 2.5 g CaO
with 50 g water (add 0.1 g O, to simulate gas phase)

@ Empa

Materials Science and Technology

2) Enter initial system composition

-Q« Input Recipe of Single Thermodynamic System: C3A:G:C3A-Calili:25:0: ? >
ReC| e Wiza rd tname |C3A + CaCO3 o
p Description

Property Selection Recipe Input of experiment

Compos (xa_) Prope Marme | Cuanti Units

DComp (xd_) AlOH)3 Gypsum perty | | i

IComp (bi) AI203 H2 1{xa_ C3A 5 g

Phase (xp_) Agqua H25 |

Kin Jower (dll_) Cl2a7 H2504 2] Caco3 126 g

Kin.upper (dul_ C3A 02 3 |xa_ Call 25 g

GO shift (gEx_) C4h3s 503 |

Other Inputs CA 4| xa_ Agqua 50 g
CH4 S 02 O 9
coz2
Cal0H)2
CaCOo3
Cal
Cas04
Cas04_05H20

Input quantities of Compos(itions) contributing to B_
vector 7 | ﬂ
Learn more Print | 0K | Cancel |




Hydration of C;A + CaO + CaCO, @ Empa

Experimental conditions: React 5 g C;A, 1.86 g CaCO; and 2.5 g CaO
with 50 g water (add 0.1 g O, to simulate gas phase)

Stal‘i' CG[CU[atlon 1) 2) ﬂ Converged at DK=1e-.. ? *

GEM IPM calculation (run time: 0.003 ¢

NN AR 100%

Wt X3

System:
|C3A:G:C3A—Cc:ﬂ:ﬂ:1:25:!]:
[ter | 1: 9: 93

:: C3AGCA-Calid:1:25:0:

Missing ICs CONFLICT WARNING! EXCLUDE ALL

Mole amounts of some Independent Components (IC)
v 5 are missing in the calculated bulk composition vector | peram ALL Gaseous 0.0999977
(B_[i] = Pa_DB)! -
CHECK/Ok Agueous 45.5984
FOSSIBLE ACTIONS:
* EXCLUDE ALL these ICs together with DCs that Liquid 0
contain them and some Phases made of those DCs;
* RETAIM ALL missing ICs by inserting a default Solid 13.7616
mole amount (below) into bi_ vector cells;
_ pH 12.4767
* 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 pe 8.29607
DCs that contain them. Learn more... IS 0.0525388
Default amount, mol (editable): |le-EIQ Cancel 6

Dismiss




Hydration of C;A + CaO + 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)

m GEM-Selektor 3 (GEMS3) - Geochemical Equilibrium Modelling by Gibbs Energy Minimization - [Eg5tat: Single Thermodynamic Syst

@ Empa

Materials Science and Technology

I;Modules Record Data Calculate View Print Window Help

3) Calculate equilibrium Zer—jm *ma= © O/ Vil = @ wewn
EW Input: System Definition  Results: Equiliorium State |

I D @}E = Phase/species | L | T | Bmount (mol) | logSI/Rctivity
- | W e - #-ia ag gen 29 a 2.529822 7.86%=-09
2|C3A-Cs |0 - gas gen 6 g 0.0031699457 -5.534e-08
H 5 ettringite 2 5 0 -9.132
%5 504 _OH AFm 2 50 -1
«-5 OH_S04 AFm 2 50 -1
He 5 Al (OH) 32am 1 s 0 —-3.534
He 5 A1 (OH) 3mic 1 s 0 -3.024
- S Gibbsite 1 s 0 -2.5711
H 5 Graphite 1 5 0 -82.21
H 5 Mayenite 1 5 0 -141
. e 5 Aluminate 1 s 0 -38
Formation of .5 o 15 12,56
. 3 5 CR2 1 s 0 -18.23
monocarboaluminate s C2ANTS Lo
/ 45 C3AHe 1 s 0 —2.489
o 45 C4RHI11 1 s 0 -4.676
small amounts Of calcite 45 CRHI3 1 s 0 -2.942
. E— =5  CARHIS 1 s 0 -2.741
and portlandlte - CAHLO 1 s 0 -4.5%
H 5 C4RsH105 1 s 0 -5.48
45 C4AsH1Z2 1 s 0 —-4.135
3l § C4AsH14 1 s 0 -4.10%
- § C4AsHle 1 s 0 -4.1585
5 C4LsHS 1 s 0 -7.5
3 5 C4RcHS 1 s 0 -3.999%
H 5 C4Lc.5H105 1 s 0 —-2.432
45 C4AcO.5H12 1 s 0 —-0.7002
3l § C4Acl.5HS 1 s 0 -5.431
- § C4RcH11 1 s 0.01850509 -5.727e-11
3 § CeAsH13 1 s 0 -37.06
3 5 CeAsHS 1 s 0 -46.07
- S Rragonite 1 s 0 -0.1438
45 Calcite 1 s 7.8441112e-005 2.37%=-07
e 5 lime 1 s 0 -5.77¢
5 Portlandite 1 s 0.043655451 -1.228e-07
‘+ s Anhvdrite 1 s 0 —-6.021
System: T= 298.15K; P= 1.00bar, V= 0.1305L; Aqueous: built-in EDH(H); pH = 12.477; pe = 8.
all »




Hydration of C;A + CaO + CaCO;

Formation of
monocarboaluminate,
small amounts of calcite
and portlandite

Detailed results

@ Empa

Materials Science and Technology

EqIC | EqPh EqDC Eqsurf EqGen | ‘26{03}2020, 15:43

C3n + Caso4d
PHnam L1 |Xa Fa phvol phM 1=

0 |a aqgen 29 2.529822| 6.4081814e-009 45.643622 45.598405
1 |o  gas gen 6 0.0031699457 -5.5338199e-009 78.58204| 0.099997749
2 s ettringite 2 0 -0.132409¢ 0 0
3 |s S04 OH AFm 2 0 -1 0 0
4 |s oH S04 BFm 2 0 -1 Mcoz.arm = 10.52 @
5 |s 2l (oH)3am 1 0 -3.934274| \ | \
26 |s  canco.sH12 1 0 ~0.70020345 0 \/ 0
27 |s  c4nco.sHS 1 0 -5.4311886 0 v 0
28 |s c4mcH11 1 0.01850509| -5.7273337e-011 4.8475565 10.519196
29 |s censH13 1 0| ( N 0 0
30 |s  C6RsSHS 1 0 Mcaicite = 0.008 g 0 0
31 |s Aragonite 1 0 -0.14383192] 0 0
32 |s  calcite 1| 7.8441112e-005 2.3794536e-007 0.002897144| 0.0078509356
33 |5 lime 1 0 -9.7760354 0 0
34 |s Pportlandite 1 0.043655451 -1.2281381e-007 1.4432492 3.2345502
35 |s  Anhydrite 1 0 -6.0210873 o 0
36 |5 Gypsum 1 0 -5.7980614 /Cv/ 0
37 |s hemihydrate 1 0 -6.7872852 /( 0
35 |s Sulphur 1 0 0 +¢

L I“Portlandite =3.23 g )




Hydration of C;A + CaCO,

Experimental problem part 3:

Reaction of C;A with calcium carbonate
59 CA + 1.86 g CaCO; + 50g H,0
+ 0.1 g O, (oxidizing conditions, CO,-free = no carbonation)

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

> Equilibrium speciation

Materials Science and Technology



Hydration of C;A + CaCO,

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

with 50 g water (add 0.1 g O, to simulate gas phase)

Repeat calculation without lime addition

@ Empa

Materials Science and Technology

ﬁ Input Recipe of Single Thermodynamic System: C3A:G:C3A-Calil:1:25:0: ? *

tname |C3A + CaCO3

Property
Compos (xa_)
DComp (xd_)
IComp (bi)
Phase (xp_)
Kin.lower (dll_}
Kin.upper (dul_}
GO shift (gEx)
Other Inputs

Selection

Al{OH)3
Al203
Aqua
C1247
C3A
C4A3s
CA

CA2
CH4
co2
Ca(OH)2
CaCo3
Ca0
Ca504
Ca504_05H20
Gypsum
H2

|»

[~

Input quantities of Compos(itions) contributing to B_

vector

Learn more

Recipe Input

Property Name Quantity Units
1|xa_ Aqua 50 g
?xa_ C3A 5 g
?xa_ CaCo3 1.86 g
:xa_ Cal
?xa_ 02
F bi_ S Te-08 M

PHnam

[z: [xa

Fa

phVol

pEM [~]

low amount of S added by GEMS as presence
of S in the calculations was maintained

Ls
16

17

18

19

20

21

22

23

24

2

26

27

28

29

30

31

32

33

34

]

s C03_S04_AFt
] A1 (CH) 3am

s &l1(CH)3mic
El Gibbsite

s Graphite

s Mayenite

s Aluminate

s ca

E] CAZ

3 C2RHTS

E] C3RHE
E C4nH11
E C4RH13

= C4aH1S

= CAHLO

= C4AsHI1O0S

E] C4RsH1Z

E] C4RsHI14

s C4AsH1E

s C4RhsHS

s C4RcHS

= C4Ac0.5H105
= C4Ac0.5H12
E] C4Rc0.5HS
E] C4AcHI1

3 CensH13

s CéhsHS

s Aragonite
s Calcite

s lime

M e R S S S T A e S

0.0001450871

1)

0

0

0.00010671355

ololol ololala o o|lo|lo|lal oo olololol ala

0.018438391

Q
]
]
9
1)

-1

-1.3631423
-0.45314547
4.,6642162e-006
-80.45%6214
-125.60593
-38.00523

w

.1357%¢66

w

6643563
-2.2756047

.4909356

r

-

L3909619

s

L 6562055

s

.4536514
-1.5600%69
-5.6530641
-4.3369726

-4.310718
-4.3955522

-7.7028542

-1.5573€56
-6.2894075
-9.4062568e-009
-37.664961
-46,6745937
-0.143830864
1.5190626e-006

-11.451063

Q
a
a

0.0034101384

clololaola|lalo o o|lo|lo|la|lo|lo olo|lo|lo ala

4.8300841

a

a

a
0.0053586501

Q

0.0083240404

H olololo|la|lo|lo o o|lo|lo|lo|lolo olo|lololala

10.481

5
@

ool o

0.014521341

o

Formation of monocarboaluminate and
small amounts of gibbsite and calcite




Hydration of C;A + CaCO, °
Empa

Materials Science and Technology

Experimental conditions: React 5 g C;A and 1.86 g CaCO;,
with 50 g water (add 0.1 g O, to simulate gas phase)

Without lime addition: check pore solution composition

EqIC EqPh ‘ EgDC | EqSurf ‘ EqGen ‘ 26/03/2020, 15:43

C3A + CaS04
N *
molality measured

ICnam|b Cb u logm t |m = |ICnam|

0 |AL .. 0.03701051e| -7.6640767e-018 -320.75864 -3.2343274 0.00058300544|21 .| 2.32 mmoI/I

1 C 0.018583832| 7.185071%e-019 -185.34933 -5.1157638 7.6601304e-006|C < 0.1 mmOI/I

2 |Ca . 0.07409%606| 4.5505455e-018 -270.10305 -2.3630329 0.0043347808/ca ..| 3.19 mmoI/I

3 5.5508373| -6.1312614e-016 -47.830556 —-2.0930571 0.0080712855%H

4 |0 .. 2.54B84519| 6.42105%3e-016 -0.016487608 -1.527%604 0.011804282|0

5 le-0089 0 -277.49644 -7.665%371 2.1580567e-008|S

5] ZZ .. 0] 3.6244083e-020 20.566841 0 -7.4164313e-019%9|Zz ..

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

Solid phase assemblage:

CO,-AFm - calcite - aqueous phase ~ experiments modelling

11




Solubility of Al-hydroxides

165"

_ﬂ
S
T

Mader-Waber
Aqueous geochemistry

Lothenbach eg,

|C'g Ksﬂ

CCR 2012

Al(OH),(gibbsite) = Al(OH), - OH- - H,0

4 amorphous A(OH);

AI(OH),

-.1.6 I I I | 1

0 10 20 30 40 50
Temperature [°C]

60

70

@ Empa
Al(OH); solubility depends on
crystallinity and time
In the database log Kk,
Al(OH),(am) > AI(OH), -OH -H,0  0.24
Al(OH),(mic) > AI(OH), - OH -H,0  -0.67

-1.12

+ this study: 0.5-19 montl

~Capmas: 1 hour

-Barret: 0-20 hours

ACarlson 57: 1-9 months

A Carlson 58: 212 month:

@Butler: 2-10 months

+ Percival: =4 months

AFaurie: 2-3 months

mD'Ans: 1-4 months
PokrovskKil

»*Wells: 25 months

X Peppler; 7 months



Hydration of C;A + CaCO, °
Empa

Materials Science and Technology

=> supress formation of gibbsite and microcrystalline AI(OH); and repeat calculation

=>Introduction of metastability constraints, Option 1: deactivate compound

Input: System Definition | Results: Equilibrium State |

Phase/species L T|On/|UC |Add to BC|UG |GO corr. |UK |Lower KC |Upper KC |KC ty]
: 29 a+ g O J 0
6 g+ g O J 0 /
o9l 9 g 70 Phases disappear
2 s+ g 0 J 0
2 2t 9 70 from results
2 5 + g 0 J 0
2 s+ g 0 J 0
1 s+ g 0 J 0
O+ M 0 J 0 M 0 1000000 B
T 5 - g 0 J 0
o - M 0 J 0 M 0 0 B
1 5 — g 0 J 0
; 0 - M 0 J 0 M 0 0 B
e o SR 1 - — n T n
Option 2: limit the amount formed to zero => phases still present in results, in 0 amount
Phase/species |L |T|On/|UC |Hdd to BC|UG |GO COrr. |UK |Lower_KC |Upper_KC |KC ty
H-ag_gen 29 a+ g 0 J 0
#-gas_gen 6 g+ g 0 J 0 R
s-ettringite 2 s+ g 0 J 0 Upper restriction
w504 OH AFm 2 s+ g O J 0
= OH S04 AFm 2 s+ g 0 J 0 dUl_ =0
= 504 CO3 AFt 2 s+ g 0 J 0
% CO3_S04 AFt 2 s+ g o0 J 0 Default 1000000
=--Al1 (OH) 3am 1 s + g 0 J 0
- A1OHam O+ M 0 Jg 0 M 0 1000000 B
=-Al (OH) 3mic 1 s + g 0 J 0
-~ AlOHmic o+ M 0 Jg 0 M 0 0 B
= Gibbsite 1 s + g 0 J 0
 Gbs o+ M 0 J 0 M0 0 B 13
W Erarnhitao 1 a 1 el N T n




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

with 50 g water (add 0.1 g O, to simulate gas phase)

supressed formation of
gibbsite and
microcrystalline Al(OH);
and repeat calculation

Formation of
monocarboaluminate and
small amounts of calcite,

as observed in the experiment

gibbsite and
microcrystalline AI(OH);
are oversaturated

(log SI > 0)

But none is allowed to form
(amount = 0)

@ Empa
Materials Science and Technology

Phase/species L T'| Bmount (mol) logSI/Activity
IR ag gen 29 a 2.5727565 1.056e-08
- ] gas_gen € g 0.0031689703 8.058e-08
CIR- ettringite 2 s 0 -%.857
%5  SO4 OH AFm 2 s 0 -1
%5 OH S04 AFm 2 s 0 -1
o5 Bl (CH) 3am 1 s 0 -0.5254
4 B A1 (OH) smic 1 5 U U.5845
+- B Gibbsite 1 s 0 0.8377
- ——mp =+ St =l
oo 5 Mayenite 1 5 0 -120.6
oo 5 Aluminate 1 5 0 -38.01
o5 Ch 1 s 0 -8.01%
o5 CRZ 1 s 0 -6.872
IR C2RHTS 1 s 0 -1.717
IR C3LHE 1 s 0 -2.491
IR C4rH11 1 s 0 -6.949
IR C4ARH13 1 s 0 -5.215
IR CARH1G 1 s 0 -5.012
IR CAHI10 1 s 0 -0.4431
oo 5 CA4RsH105 1 s 0 -5.725
o5 C4RsH1Z2 1 s 0 -4.379
o5 C4RsH14 1 s 0 -4.352
o5 C4RsHle 1 s 0 -4.437
o5 C4RsHS 1 s 0 -7.744
o5 CALcHY 1 5 0 -4
o5 C4Rc0.5H105 1 s 0 -3.569
o5 C4Rc0.5H1Z2 1 s 0 -1.837
IR CA4nc0.5HY 1 s 0 -6.569
IR C4ncHI1l 1 5 0.018452688 -8.03%e-08
IR CensH13 1 s 0 -37.7%9
oo 5 CeRsHS 1 s 0 -46.8
CIR- Aragonite 1 s 0 -0.1438 14
IR Calcite 1 5 0.0001307737¢ 1.642e-05
o 5 lime 1 s 0 -12.05




Hydration of C;A + CaCO, °
Empa

Materials Science and Technology

Experimental conditions: React 5 g C;A and 1.86 g CaCO;,
with 50 g water (add 0.1 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 J

A measured
' e ICnam
C ~ 0.008 mmol/kg ="
[ /kg 0.0022688506|a1 2.32 mmol/I
7.9829387e-006/C .. V < 0.1 mmol/I
0.0034113038|ca .. 3.19 mmol/I

0.0045379362|H
[ Ca = 3.41 mmol/kg 0.011643582|0
2.1579854e-008|5

1.197776le-018 |2z

pHcalc = 11.60 pH = 11.59

Phase assemblage:

CO,;-AFm - calcite - aqueous phase
15




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

@ Empa
Experimental problem part 4.

Reaction of C;A with calcium carbonate and calcium sulfate
5gC;A + + 1.86 g CaCO; + 2.52 g CaSO, + 2.5 g CaO
+ 50 g H,0

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

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

> Equilibrium speciation

16



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

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

@ Empa

Materials Science and Technology

and 2.5 g CaO with 50 g water (add 0.1 g O, to simulate gas phase)

1) Create new system

Process

L

GtDemo

HiE

GEM2MT

¥

UnSpace

&,

Project

We use the recipe wizard again

F‘f‘tﬁfemewj...

ﬂ GEM-Selektor 3 (GEMS3) - G

_._[; Modules | Record Data  Calculate

We can use the previous system as template }

]

& Display F&

« Remake...

““Use men
H Save

Save As..

7 Delete

[V Plot data

&= Print...

6
1

Input: System Definition

because sulfate was already included

Zadan (D

Results: Equilib

|Phase!species

. = ad_gen
ue or click-icon_sen

4| |

b

5 [F- - - - - - - -

L ¥ T {7 O O ¥ T ¥ ¥ T ¥ |

ettringite
504 CH AFm
CH 504 AFm
504 CO3 AFt
C03_504 AFt
Al (CH) 3am
Graphite
Mayenite
Aluminate
Ch

Ch2

C2AHTS
C3RHE
C4RH11

System: T= 298.15K; P =

1.00 bar; V

|C3A:G:C3A-C5-CC:EI:EI:1:25:0:

La

C3A

Mame of the modeling project

G Thermodynamic potential to minim give a hew hame

|C3a-Cs-Cc

Mame of the chemical system definition (C5D)

|III 5D (redpe) variant number <integer=

|IZI Yolume of the system, dm3 (0 if no volume constraint)
| 1 Pressure, bar, or 0 for Psat(H20)g
|25 Temperature, C (== 0}

Ok

|III Variant number for additional constraints

Reset | Fram List Help Cancel |

17




Hydration of C;A + CaO + CaSO, + CaCO;
@ 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 0.1 g O, to simulate gas phase)

‘Qﬂ Input Recipe of Single Thermodynamic Systern: C34:G:C3A-Cs-Calili1:25:0: ? >
tname| |C3A + CaS04 + CaCO3

Froperty Selection Recipe Input

Compos (xa_) Prope Name Quanti Units

DComp (xd_) AI(OH)3 =) ety ity

[Comp (bi_) Al203 1| xa_ Aqua 50 g

Phase (xp_) Aqua |

Kin.lower (dIl_) C12A7 2 |xa_ C3A 5 g

Kin.upper (dul_) C3A 3|xa_ CaC03 1.86 g

GO shift (gEx_) C4A3s |

Other Inputs CA 4|xa_ 02 0.1 g
ca2 ?r_
CH4

Hel
o d STF Il
Ca(OH)2 . elect a
CaCO3 Click on
Ca0 both solids™ Copy .
CaS04 and add data Engy Headierand Gelks We do not need this anymore,
E;éfj;fﬁ”z e as we add now CaSO,;
= elete rows 9
T = x might be deleted (nor not)
Input quantities of Compos(itions) contributing to B_ right mouse click to open this
vector = | | ﬂ
Learn more Print | OK | Cancel |

18



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

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 0.1 g O, to simulate gas phase)

@ Empa

Materials Science and Technology

‘Q’ Input Recipe of Single Thermodynamic Systerm: C34:C3A-Cs-Calle1:25:0: ? >
thame |C3A + CaS04 + CaCO3

Property Selection Recipe Input

Compos (xa_) p M ti Unit

DComp (xd ) AIOH)3 = roperty ame Cuantity nits

[Comp (bi_) Al203 1| xa_ Aqua 50 g

Phase (xp_) N

Kin.lower (dIl_) 2] ¥ C3A 3 g

Kin.upper (dul ) 3 |xa_ CaC03 1.86 g

GO shift (gEx) C4A3s |

Other Inputs CA 4\xa_ 02 0.1 g
CA2 —
CH4 i *a_ Cal 2.5 g
coz 6 CaS04 2.52
Ca(OH)2 \— - Z : 2
CaCO3 \
E:go . Compos: bulk compositions without thermodynamic data
E;ifj;ﬂ”ﬁmo Alternatively phases can be assessed via Dcomp
CE = (dependent compositions) xd_

Some phases like calcite appear also there, nomenclature
Input quantities of Compos(itions) contributing to B_ s d[fferent-
vector = | | ﬂ
Learn more Print 0K Cancel
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Hydration of C;A + CaO + CaSO, + CaCO;

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 0.1 g O, to simulate gas phase)

2) Calculate equilibrium

(you may activate again SO4_CO3_AFt,
CO3_SO4_AFt ,gibbsite and
microcrystalline Al(OH),)

Formation of AFt,
monocarboaluminate, calcite
and portlandite

No formation of monosulfoalu-
minate despite SO;/ALO; = 1

solid solution:
90.7 mol% SO,-AFt
9.3 mol% CO,;-AFt

Input: System Definition

Results: Equilibrium State |

@ Empa

Materials Science and Technology

Phase/species ‘ L ‘ T:‘ E2mount (mol) ‘ logSI/Activity Concentration

- | ad_gen 29 a 2.3867606 3.823e-10

s | gas_gen 3] g 0.0031733326 1.0%6e-07

o 5 ettringite 2 s 0 -0.04235

%5 S04 OH AFm 2 s 0 -1

: QH S04 _REm 2 0 =1

-5 S04 CO3 AFt 2 s 0.02041597 4.874e-08
tricarboalul3 J 0.001%071421 0.226472 0.093414229
ettringitel3 ss M 0.018508828 0.500165 0.50658577

=l 5 C0O3 S04 AFt 2 5 1.8168586e-007 4.903e-08
tricarboalu03 M 1.697¢312e-008 0.226472 0.093437717
ettringitel3 ss J _1.6470655e_007 0_600165 0.50656228

e 5 L1 (OH) 3am 1 s 0 -3.5634

e 5 L1 (0H) 2mic 1 s 0 -3.024

- 5 Gibbsite 1 s 0 -2.571

o G Graphite 1 s 0 -§2.21

o 5 Mayenite 1 s 0 -141

- 5§ BRluminate 1 s 0 -38

o 5 CR 1 5 0 -12.56

o 5 CR2 1 s 0 -18.23

- G C2RHTS 1 s 0 -3.989

5 C3AHG 1 s 0 -2._.48%

o 5 C4RH11 1 5 0 -4._676

o 5 C4RH13 1 s 0 -2.942

- § C4RH1S 1 s 0 -2.741

o 5 CRH10 1 s 0 -4.599

o 5 C4AsHI105 1 5 0 -2.45

o 5 C4AsHI1Z2 1 s 0 -1.105

E 5 C4nsH14 1 s 0 -1.07%

- § C4nsHle 1 s 0 -1.165

o 5 C4RsSHS 1 s 0 -4.47

o 5 C4RACHS 1 5 0 -3.999

o 5 C4Ac0.5H105 1 s 0 -2.432

- § C4RAc0.5H12 1 s 0 -0.7002

5 C4Rc0.5HS 1 s 0 -5.431

o 5 C4AcHI11 1 5 0.011659715 -1.72%=-08 20

o 5 CeAsH13 1 s 0 -27.97

= = AT el O 1 = 0N —_2F Qf



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

@ 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 0.1 g O, to simulate gas phase)

3) Assess Calculation . (.

EqDC ‘ EgSurf ‘ EqGen ‘ 27/03/2020, 08:36
. PHnam L1 |Xa | Fa rhvol hM I_‘
Formatlon OfAFt/ 0 a a 29 2.38e7606| 3.823365%4e-010 43.06245353 43.019523
monocarboa[um[nate Ca[a'te 1 |g gas gen 6 0.0031733326| 1.0959891e-007 75.665999 0.10010464
; _
o 2 ettringite 2 0 —0,042351029 0 0
and portlandite . oot on ; e . .
—= Mafyss) = -4/ 9

4 |s OH S04 AFm 2 o 0 0
' 504 C0O3 AFt 2 0.02041597| 4.8737265%=-008 1755733 83.4726721

No formation of monosulfo- |5 |z 504 6o 6
[ . d . 3 s CO3_SO4_AE‘t 2| 1.816858e=-007| 4.9026557e-008|4.2498715e-0..||7.5355875e-0...

a umlnate esplte 7 5 Bl (OH) 3am 1 0 —-3.5342733 0

SOy/Al,0;5 = 1 R | ] - 6.65g -

Mco3.arm = 6.6

20 |s  C4Bc0.SHY 1 0 -5.4311878 0
30 |s  camcH11 1 0.011699715/ -1 7287463=-008 1 0648341 6.6506889
31 |s  C6RsH13 1 Meacite = 0.50¢g 0 0
32 |5 cemsHO 1 T —o—w 0 0
33 |s AZragonite 1 0 —0.14383F2D;3\~£L 0
34 s calcite 1 0.0049766728| -7.0941594e-008 0.18380843 0.49810025
35 |5 lime 1 0 -9.7760351 0 0
36 |5 Portlandite 1 0.043707887 -6.9026541e-008 1.4449827 3.2384353
37 [s Anhydrite 1 0 29910661 __——"0| 0
38 |s Gypsum 1 0 — 0 0
39 |s hemihydrate 1 CI[ mPortIandite _ 3.24 g ] 0

0
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Hydration of C;A + CaO + CaSO, + CaCO;

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 0.1 g O, to simulate gas phase)

@ Empa

Materials Science and Technology

3) Assess Calculation v | ] o | e |Fommmm

Aqueous phase composttion T [cm + casos total conc. Ig activity molality
(speciation, acivities and [mol]  (activity) coeff.  [mol/kg]
activity coefficients) DCnam E [15a [gammna [m [<]
0 |nl(so4)+ 1.5068327e-035 -33.540047 0.82202255  3.508076e-034
. 1 |nl(so4)2- 0 -36.735817 0.82202255 0
AqueOUS phase CompOSltlon 2 |a1+3 1.6083685e-033 -32.244404 0.15212732 3.7444628e-032
(tota[ mo[a[[t[es) 3 |alo+ 6.8023658e-020 ~17.885448 0.82202255 1.5836673e-018
4 |nloz- 3.1659312e-007 -5.2176143 0.82202255 7.3706439e-006
\], s |nlozme 2.4294309e-013 ~11.247485 0.99999945 5.6559884e-012
e o | i~ | E— EoGen 6 |nloH+2 1.8521152e-026 -24.725228 0.43664655 4.3119326e-025
7 |ca(co3)e 2.383873e-007 -5.2557427 0.99999945| 5.5499245e-006
8 |ca(HCO3)+ 1.5710576e-011 -9.521961 0.82202255| 3.6575989e-010
m t ICnam 9 |ca(sod)e 3.8412382e-007 -5.0485142 0.99999945| B.9428346e-006
T7.37064%¢e-006 R1 10 |ca+2 0.000691686196 -2.15258477 0.43664655 0.016107325
6 6329802e—006C 11 |caom+ 0.00018264054 —2.4564943 0.82202255 0.0042520773|
12 |coze 1.0814254e-016 ~14.599048 0.99999945 2.5176801e-015
0.020373895|Ca 13 [co3-2 4.6329894e-008 -6.3271175 0.43664655 1.075612e-006
14 |HCO3- 1.7515891e-010 -5.4747461 0.82202255| 4.0778364e-009
0.040€80088 H -
15 |cHae@ 0 -159.28362 0.99999945 0
0.043352788 0 16 |H28 0 -44.651413 0.99999945 0
17 |o2@ 5.4634714e-005 -2.8955074 0.99999945 0.0012719576
2.3537276e-005/5 18 |5203-2 0 -163.51147 0.43664655 0
8.4386471e-01%|7z 19 |HSO3- 0 -55.394564 0.82202255
20 [s03-2 0 -50.137988 0.43664655 ?2
21 |HSO4- 1.0803266e-017 -15.684597 0.82202255| 2.5151219e-016




Hydration of C;A — Summary of modelled results

Materials Science an

d Technology

1.) C;A+CaSO,+Ca0O+H,0 = monosulfoaluminate(ss) + AFt + CH

traces

2.) CG;A+CaCO;+CaO+H,O0 =  monocarboaluminate + calcite,,,... + CH

4.) C;A+CaCO;+CaSO,+CaO+H,O = monocarboaluminate + AFt(ss) + calcite + CH

CaSO,

Excess phases:
pore solution
C-A-S-H
portlandite or
strétlingite

FH

M AH,

wt%
Phase diagramm

Reaction 1)
monosulf.

‘ Reaction 4)

AFt+Mc+Cc

Reaction 2)
monocarb.

C.A
OH-AFm Hc

Mc CaCO, 23



