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Tutorial 1 – single systems: hydration of C3A 
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Hydration of C3A 

 

1) Simulation of reaction C3A + CaSO4 

 

2) Simulation of reaction C3A + CaCO3 

 

3) Simulation of reaction C3A + CaSO4 + CaCO3 
 
See Seligmann & Greening ICCC 1969 and various papers by Kuzel et al. (Kuzel & Pöllmann CCR 1991, Kuzel et. al 
CCR 1996) for experimental verification  
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Hydration of C3A + CaSO4 – project setup 
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Hydration of C3A + CaSO4 – project setup 
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Hydration of C3A + CaSO4 – project setup 
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Select CEMDATA14 (3rd party data base) 
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Hydration of C3A + CaSO4 – project setup 
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Select elements necessary to model C3A hydration 

Air: O2, N2, etc. 

(no reducing 

conditions, N2 not 

reactive) 

„reactive N“ 

(don‘t use here) 

we can also use 

just oxygen (O2) 
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Activity coefficients 
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Solubility product e. g. of gypsum 

KS0 = {Ca2+}·{SO4
2-}·{H2O}2/{CaSO4·2H2O} 

KS0 = {Ca2+}·{SO4
2-} = 10-4.58 

 
{ } : activity; [ ]: 

concentration 

{Ca2+} = [Ca2+] ·  Ca2+ 

 

 

Activity coefficicient 

Correction of concentrations by activity coefficients, as 

the ions „feel“ their neighbours (other ions, solvent). 

Activity coefficients depend mainly on: 

 ionic strength 

 other ionic species 

 temperature 
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GEMS workshop, Sao Paulo, Sept 19-21, 2012 

Activity vs. ionic strength              

– selecting the right aqueous electrolyte model 
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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 
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Hydration of C3A + CaSO4 – project setup 
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Select model for calculation of the aqueous phase 

1. 

2. 

1) constant,  

-> select at 298 K 

2) f(pressure, temp) 

-> electrolyte 

a0=3.67 for KOH 

Calculates  

activity of water 

More details  
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Hydration of C3A + CaSO4 – project setup 
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Project name 

Method (Gibbs free  

energy minimization) 

System definition 

Integer (default 0) 

System volume 

unconstrained 

Pressure (bar) 

Temperature (°C) 

GEMS workshop, Dübendorf, May 7-8, 2014 



Hydration of C3A + CaSO4 – system creation (recipe) 
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It would be possible to create the recipe already now …  

„Recipe wizard“ 
(we will use this later) 
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Hydration of C3A + CaSO4 – system creation (recipe) 
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… but we first look at the GEMS user interface more in detail. 

all main cement 

hydrates relevant to 

the system 

CaO-Al2O3-CaSO4-

CaCO3-H2O included 

System file is now created 

The next step is to 

formulate the 

experiment we want to 

simulate 

Recipe wizard 
Recipe input 

Brings you 

back to this 

screen 
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Hydration of C3A + CaSO4 – system creation (recipe) 
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On/off switch for phases 

Number of components 

 1: pure phase 

≥ 2: solid solutions 

2 AFt solid solutions 

containing 

sulfate+carbonate 

 

SO4-AFt 

ideal composition 

As we have no carbonate in the 

system in the first calculation we 

switch the carbonate-sulfate AFt 

solid solutions off 

J = junior end-member 

M = major end-member 

of solid solution 
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Hydration of C3A + CaSO4 – system creation (recipe) 

14 

Experimental problem part 1: 

 

Reaction of C3A with calcium sulfate 

 

5 g C3A + 2.52 g CaSO4 + 2.5 g CaO + 50 g H2O 

 

+ 1 g O2 (oxidizing conditions, CO2-free = no carbonation) 

 

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

recipe input 
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Hydration of C3A + CaSO4 – system creation (recipe) 

15 

Experimental conditions: React 5 g C3A, 2.52 g CaSO4 and 2.5 g CaO 

with 50 g water (add 1 g O2 to simulate gas phase) 

Description of experiment 
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Hydration of C3A + CaSO4 – system creation (recipe) 
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Check system definition 

we exclude carbonate in 

this example 

 

=> Switches off all 

phases containing C 
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Hydration of C3A + CaSO4 – calculation of equilibrium 
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Start calculation 

Experimental conditions: React 5 g C3A, 2.52 g CaSO4 and 2.5 g CaO 

with 50 g water (add 1 g O2 to simulate gas phase) 

GEMS workshop, Dübendorf, May 7-8, 2014 



Hydration of C3A + CaSO4 – results 
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Calculated 

single 

system 

View results 
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Hydration of C3A + CaSO4 – results 
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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 

solid solution between monosulfate and C4AH13 
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Hydration of C3A + CaSO4 – results 
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Consideration of solid solution formation 

solid solution: 

93 mol-% monosulfate  

7 mol-% C4AH13 

=> Ca4Al2(OH)12.16(SO4)0.936H2O 
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Hydration of C3A + CaSO4 – results 
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View 

detailed results 
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Hydration of C3A + CaSO4 – results 

22 

Detailed information about composition of aqueous, gaseous and solid phases 

Solid phases 

total 

amount 

[mol] 

Volume 

[cm3] 

Mass 

[g] 

mSO4-AFm = 11.03 g 

mSO4-AFt = 0.83 g 

mPortlandite = 3.14 g 
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Hydration of C3A + CaSO4 – results 
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Comparison of modelling vs. experiments: 

Hydration of C3A at SO3/Al2O3 = 1, 28 d at 25°C, solid phases by XRD 

Qualitatively very good agreement between experimental and calculated results  

Phase assemblage SO4-AFm - SO4-AFt - portlandite - aq. predicted and observed. 

Quantification with help of GEMS possible.  
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Hydration of C3A + CaSO4 – results 
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Composition of aqueous phase 

total molalities in 

aqueous phase 
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Hydration of C3A + 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 

 

+ 1 g O2 (oxidizing conditions, CO2-free = no carbonation) 

 

molar ratio SO3/Al2O3 = 0, molar ratio CO2/Al2O3 = 1 
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Hydration of C3A + CaCO3 
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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) 

1) Create new system 

use menue or click icon 
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2) Enter initial system composition 

Hydration of C3A + CaCO3 
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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) 

Description 

of experiment 

This time we use the 

recipe wizard 
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Hydration of C3A + CaCO3 
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Check system definition 

1.) we leave the possibility of 

sulfate addition in the system 

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) 
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Hydration of C3A + CaCO3 
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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 

GEMS workshop, Dübendorf, May 7-8, 2014 



Hydration of C3A + CaCO3 
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Detailed results 

Formation of 

monocarboaluminate, 

small amounts of calcite 

and portlandite 

mCO3-AFm = 10.52 g 

mCalcite = 0.008 g 

mPortlandite = 3.23 g GEMS workshop, Dübendorf, May 7-8, 2014 



Hydration of C3A + CaCO3 
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4) Repeat calculation without lime addition 

Experimental conditions: React 5 g C3A and 1.86 g CaCO3 

with 50 g water (add 1 g O2 to simulate gas phase) 

Formation of monocarboaluminate and 

small amounts of gibbsite and calcite 

GEMS workshop, Dübendorf, May 7-8, 2014 



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

with 50 g water (add 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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Hydration of C3A + CaCO3 
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Experimental conditions: React 5 g C3A and 1.86 g CaCO3 

with 50 g water (add 1 g O2 to simulate gas phase) 

=>Introduction of  

metastability constraints 

Without lime addition: 

supress formation of 

gibbsite and 

microcrystalline Al(OH)3 

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

with 50 g water (add 1 g O2 to simulate gas phase) 

Formation of 

monocarboaluminate and 

small amounts of calcite, 

as observed in the experiment 

Without lime addition: 

supress formation of 

gibbsite and 

microcrystalline Al(OH)3 

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

with 50 g water (add 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 + CaCO3 + CaSO4 
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Experimental problem part 3: 

 

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 

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

and 2.5 g CaO with 50 g water (add 1 g air CO2-free 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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Hydration of C3A + CaCO3 + CaSO4 
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Experimental conditions: React 5 g C3A, 1.86 g CaCO3, 2.52 g CaSO4 

and 2.5 g CaO with 50 g water (add 1 g O2 to simulate gas phase) 

We do not need this anymore, 

as we add now CaSO4 

Click on 

both solids 
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Hydration of C3A + CaCO3 + CaSO4 
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Experimental conditions: React 5 g C3A, 1.86 g CaCO3, 2.52 g CaSO4 

and 2.5 g CaO with 50 g water (add 1 g O2 to simulate gas phase) 

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 + CaCO3 + CaSO4 
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This error message might occur now: 

The reason is the solid solution SO4/CO3-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. 



Convergence problem - workaround 
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Smoothing parameter: 
use low positive value, e.g. 0.01 

Covergence tolerance parameter: 
use higher value, e.g. 1e-005, 
maximum seems to be 5e-004 

Minumum amount of stable phases: 
use lower value, e.g. 1e-023 

Do not touch the other values !!! 

this example: 

1e-5 works 



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

and 2.5 g CaO with 50 g water (add 1 g O2 to simulate gas phase) 

2) Calculate equilibrium 

Formation of AFt, 

monocarboaluminate, calcite 

and portlandite 

 

No formation of monosulfoalu-

minate despite SO3/Al2O3 = 1 

solid solution: 

90.5 mol% SO4-AFt 

  9.5 mol% CO3-AFt 
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Hydration of C3A + CaCO3 + CaSO4 
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Experimental conditions: React 5 g C3A, 1.86 g CaCO3, 2.52 g CaSO4 

and 2.5 g CaO with 50 g water (add 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) = 8.49 g 

mCO3-AFm = 6.64 g 

mPortlandite = 3.24 g 

mCalcite = 0.50 g 
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Hydration of C3A + CaCO3 + CaSO4 
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Experimental conditions: React 5 g C3A, 1.86 g CaCO3, 2.52 g CaSO4 

and 2.5 g CaO with 50 g water (add 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 

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