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Tutorial – single systems: hydration of C3A
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Hydration of C3A

1) Simulation of reaction C3A + CaO + CaSO4

2) Simulation of reaction C3A + CaO + CaCO3

3) Simulation of reaction C3A + CaCO3

4) Simulation of reaction C3A + CaO + CaSO4 + CaCO3

Guided tutorial
(Lecture 02)

Individual
work



Hydration of C3A + CaO + CaCO3
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Experimental problem part 2:

Reaction of C3A with calcium carbonate

5 g C3A + 1.86 g CaCO3 + 2.5 g CaO + 50 g H2O

+ 0.1 g O2 (oxidizing conditions, CO2-free = no carbonation)

molar ratio SO3/Al2O3 = 0, molar ratio CO2/Al2O3 = 1



Hydration of C3A + CaO + CaCO3

Experimental conditions: React 5 g C3A, 1.86 g CaCO3 and 2.5 g CaO
with 50 g water (add 0.1 g O2 to simulate gas phase)

1) Create a new system within the same project

use menue or
click icon

give a new name
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2) Enter initial system composition

Hydration of C3A + CaO + CaCO3

Experimental conditions: React 5 g C3A, 1.86 g CaCO3 and 2.5 g CaO
with 50 g water (add 0.1 g O2 to simulate gas phase)

Description
of experiment

Recipe wizard
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Start calculation 2)1)

Experimental conditions: React 5 g C3A, 1.86 g CaCO3 and 2.5 g CaO
with 50 g water (add 0.1 g O2 to simulate gas phase)

Hydration of C3A + CaO + CaCO3



Hydration of C3A + CaO + CaCO3

3) Calculate equilibrium

Experimental conditions: React 5 g C3A, 1.86 g CaCO3 and 2.5 g CaO
with 50 g water (add 1 g O2 to simulate gas phase)

Formation of
monocarboaluminate,
small amounts of calcite
and portlandite



Hydration of C3A + CaO + CaCO3

Detailed results

Formation of
monocarboaluminate,
small amounts of calcite
and portlandite

mCO3-AFm = 10.52 g

mCalcite = 0.008 g

mPortlandite = 3.23 g 8



Hydration of C3A + CaCO3
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Experimental problem part 3:

Reaction of C3A with calcium carbonate

5 g C3A + 1.86 g CaCO3 + 50 g H2O

+ 0.1 g O2 (oxidizing conditions, CO2-free = no carbonation)

molar ratio SO3/Al2O3 = 0, molar ratio CO2/Al2O3 = 1



Hydration of C3A + CaCO3

Repeat calculation without lime addition

Experimental conditions: React 5 g C3A and 1.86 g CaCO3

with 50 g water (add 0.1 g O2 to simulate gas phase)

Formation of monocarboaluminate and
small amounts of gibbsite and calcite
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low amount of S added by GEMS as presence
of S in the calculations was maintained



Hydration of C3A + CaCO3

Experimental conditions: React 5 g C3A and 1.86 g CaCO3

with 50 g water (add 0.1 g O2 to simulate gas phase)

pHcalc = 11.84

Without lime addition: check pore solution composition

* measured at 25°C, aged 56 d, undersaturation

Solid phase assemblage:
CO3-AFm - calcite - aqueous phase

measured *molality

pH = 11.59

2.32 mmol/l
< 0.1 mmol/l
3.19 mmol/l

experiments modelling
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Solubility of Al-hydroxides

Mäder-Waber
Aqueous geochemistry

Lothenbach ea, CCR 2012

Al(OH)3 solubility depends on 
crystallinity and time

In the  database log KS0
Al(OH)3(am)  Al(OH)4‐ ‐ OH‐ ‐ H2O  0.24
Al(OH)3(mic)  Al(OH)4‐ ‐ OH‐ ‐ H2O ‐0.67
Al(OH)3(gibbsite)  Al(OH)4‐ ‐ OH‐ ‐ H2O ‐1.12



Hydration of C3A + CaCO3
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=>Introduction of metastability constraints, Option 1: deactivate compound
=> supress formation of gibbsite and microcrystalline Al(OH)3 and repeat calculation

Option 2: limit the amount formed to zero => phases still present in results, in 0 amount

Upper restriction
dul_ = 0
Default 1000000

Phases disappear
from results



Hydration of C3A + CaCO3
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Experimental conditions: React 5 g C3A and 1.86 g CaCO3

with 50 g water (add 0.1 g O2 to simulate gas phase)

Formation of 
monocarboaluminate and
small amounts of calcite,
as observed in the experiment

supressed formation of
gibbsite and
microcrystalline Al(OH)3
and repeat calculation

gibbsite and
microcrystalline Al(OH)3
are oversaturated
(log SI > 0)
But none is allowed to form
(amount = 0)



Hydration of C3A + CaCO3

Experimental conditions: React 5 g C3A and 1.86 g CaCO3

with 50 g water (add 0.1 g O2 to simulate gas phase)

measured

pH = 11.59

2.32 mmol/l
< 0.1 mmol/l
3.19 mmol/l

pHcalc = 11.60

Ca = 3.41 mmol/kg

Al = 2.27 mmol/kg

C ≈ 0.008 mmol/kg

Phase assemblage:
CO3-AFm - calcite - aqueous phase

Without lime addition: supress formation of gibbsite and microcrystalline Al(OH)3
and repeat calculation
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Hydration of C3A + CaO + CaSO4 + CaCO3

Experimental problem part 4:

Reaction of C3A with calcium carbonate and calcium sulfate

5 g C3A + + 1.86 g CaCO3 + 2.52 g CaSO4 + 2.5 g CaO
+ 50 g H2O
+ 0.1 g O2 (oxidizing conditions, CO2-free = no carbonation)

molar ratio SO3/Al2O3 = 1, molar ratio CO2/Al2O3 = 1
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Hydration of C3A + CaO + CaSO4 + CaCO3

Experimental conditions: React 5 g C3A, 1.86 g CaCO3, 2.52 g CaSO4

and 2.5 g CaO with 50 g water (add 0.1 g O2 to simulate gas phase)

1) Create new system

use menue or click icon

We can use the previous system as template 
because sulfate was already included 

We use the recipe wizard again
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give a new name



Hydration of C3A + CaO + CaSO4 + CaCO3

Experimental conditions: React 5 g C3A, 1.86 g CaCO3, 2.52 g CaSO4

and 2.5 g CaO with 50 g water (add 0.1 g O2 to simulate gas phase)

We do not need this anymore,
as we add now CaSO4;

might be deleted (nor not)

Click on
both solids
and add data
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right mouse click to open this



Hydration of C3A + CaO + CaSO4 + CaCO3

Experimental conditions: React 5 g C3A, 1.86 g CaCO3, 2.52 g CaSO4

and 2.5 g CaO with 50 g water (add 0.1 g O2 to simulate gas phase)

Compos: bulk compositions without thermodynamic data
Alternatively phases can be assessed via Dcomp
(dependent compositions) xd_
Some phases like calcite appear also there, nomenclature
is different.
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Hydration of C3A + CaO + CaSO4 + CaCO3

Experimental conditions: React 5 g C3A, 1.86 g CaCO3, 2.52 g CaSO4

and 2.5 g CaO with 50 g water (add 0.1 g O2 to simulate gas phase)

2) Calculate equilibrium
(you may activate again SO4_CO3_AFt , 
CO3_SO4_AFt ,gibbsite and 
microcrystalline Al(OH)3)

solid solution:

90.7 mol% SO4-AFt

9.3 mol% CO3-AFt

Formation of AFt, 
monocarboaluminate, calcite 
and portlandite

No formation of monosulfoalu-
minate despite SO3/Al2O3 = 1
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Hydration of C3A + CaO + CaSO4 + CaCO3

Experimental conditions: React 5 g C3A, 1.86 g CaCO3, 2.52 g CaSO4

and 2.5 g CaO with 50 g water (add 0.1 g O2 to simulate gas phase)

3) Assess Calculation

Formation of AFt, 
monocarboaluminate, calcite 
and portlandite

No formation of monosulfo-
aluminate despite
SO3/Al2O3 = 1

mAFt(ss) = 8.47 g

mCO3-AFm = 6.65 g

mPortlandite = 3.24 g

mCalcite = 0.50 g
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Hydration of C3A + CaO + CaSO4 + CaCO3

Experimental conditions: React 5 g C3A, 1.86 g CaCO3, 2.52 g CaSO4

and 2.5 g CaO with 50 g water (add 0.1 g O2 to simulate gas phase)

3) Assess Calculation

Aqueous phase composition
(total molalities)

Aqueous phase composition
(speciation, acivities and 
activity coefficients)

total conc. 
[mol]

lg
(activity)

activity
coeff.

molality 
[mol/kg]
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Hydration of C3A – Summary of modelled results
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1.) C3A+CaSO4+CaO+H2O     monosulfoaluminate(ss) + AFt traces + CH

2.) C3A+CaCO3+CaO+H2O     monocarboaluminate + calcitetraces + CH

4.) C3A+CaCO3+CaSO4+CaO+H2O     monocarboaluminate + AFt(ss) + calcite + CH

Reaction 1) 
monosulf.

Reaction 2)
monocarb.

Reaction 4)
AFt+Mc+Cc

Phase diagramm


