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Hydration of a model cement composition 

 

 The example will show the principle possibility to 

apply GEMS to simulate cement hydration. 

 A simplified cement composition is used and 100% 

hydration assumed (other assumptions are possible). 

 The impact of limestone on the predicted phase 

assemblage will be shown.  
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Select CEMDATA14 (3rd party data base) 
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Hydration of OPC – project setup 
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Modified project setup including elements necessary to model cement hydration 

(as we use a model cement we neglect Na, K, Mg and Fe for the moment) 

Air: O2, N2, etc. 

(no reducing 

conditions, N2 not 

reactive) 

we can also use 

just oxygen (O2) 

„reactive N“ 

(don‘t use here) 
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Select model for calculation of the aqueous phase 

1. 

3. 4. 

2. 
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Hydration of OPC – project setup 
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We leave temperature at 25°C 

Press OK again  to leave the recipe wizard. 

We will use it later, but first some more 

explanations and definitions are needed. 
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Hydration of OPC – system creation 
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all main cement hydrates 

included in this project 

System file is now created 

The next step is to 

formulate the 

experiment we want to 

simulate 
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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 
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Hydration of OPC – system creation 

11 

C-S-H is modeled as a solid solution of 4 different species: 

For more detailed information see: Kulik D.A., Cem. Concr. Res. 41 (2011), 477. 

CSH-JenD = (CaO)1.5·(SiO2)0.6667·(H2O)2.5 

CSH-JenH = (CaO)1.333·(SiO2)1·(H2O)2.1667 

CSH-TobD = [(CaO)1.25·(SiO2)1·(H2O)2.75]0.6667 

CSH-TobH = (CaO)0.6667·(SiO2)1·(H2O)1.5 
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Experimental problem part 1: 

Hydration of a model cement  

CaO  70.6 wt.-% 

SiO2  22.0 wt.-% 

Al2O3    4.5 wt.-% 

SO3    2.9 wt.-% 

w/c          0.50 

Assumption: 100% hydration 

 

Bogue calculation 

C3S 81.37 wt.-% 

C2S   1.70 wt.-% 

C3A 11.93 wt.-% 

CaSO4   5.00 wt.-% 

React 100 g of the model cement with 50 g water (add 1 g O2) 
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Experimental conditions: React 100 g OPC with 50 g water (add 1 g O2) 

Use recipe wizard 

Alternatively you could enter the 

oxide composition 

Enter phase composition 
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Check system definition 

We exclude carbonate in 

this example 

Experimental conditions: React 100 g OPC with 50 g water (add 1 g O2) 

GEMS workshop, Dübendorf, May 7-8, 2014 
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Experimental conditions: React 100 g OPC with 50 g water (add 1 g O2) 

137.4 g solid 

cement paste 

12.6 g pore solution 

solid 

gas 

liquid 

pH = 12.48 
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Hydration of OPC – results 
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Predicted stable phase assemblage 

C-S-H solid solution 

1.63 CaO · SiO2 · 2.88 H2O 

SO4-AFm solid solution 

 

0.83 mol-% SO4-AFm 

0.17 mol-% OH-AFm 

 

=> Ca4Al2(OH)12.34(SO4)0.83·6H2O 

 

CSH-JenD = (CaO)1.5·(SiO2)0.6667·(H2O)2.5 

CSH-JenH = (CaO)1.333·(SiO2)1·(H2O)2.1667 

CSH-TobD = [(CaO)1.25·(SiO2)1·(H2O)2.75]0.6667 

CSH-TobH = (CaO)0.6667·(SiO2)1·(H2O)1.5 
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Assessment of calculations 

Predicted  

phase assemblage 

(hydr. cement paste): 

 

 C-S-H (solid 

solution) 

 SO4-AFm (solid 

solution) 

 Portlandite 

 

Total solid volume: 

33.13+13.38+16.05 

= 62.56 cm3 

mC-S-H = 74.41 g 

mSO4-AFm = 27.03 g 

mPortlandite = 35.96 g 

mpore sol. = 12.60 g 

Vpore sol. = 12.62 cm3 

VC-S-H. = 33.13 cm3 

VSO4-AFm. = 13.38 cm3 

VPortlandite = 16.05 cm3 

total amount 

[mol] 

Volume 

[cm3] 

Mass 

[g] 
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Assessment of calculations 

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 a model cement composition – summary 

 possibility to apply GEMS to simulate cement hydration with metastability 

constraints ( e.g. siliceous hydrogarnet suppressed – see appendix) 

 additional iron and alkalis present in real “OPC”. 

Thus to improve accuracy of the calculation one has to consider: 

 Additional iron containing phases                                
(Moeschner et al. Geoch. Cosm. Acta 2007, Dilnesa et al. CCR 2014a+b 

included in the cement database) 

 Sorption of alkalis on C-S-H                                               
(experimental data: Hong and Glasser CCR 1999) 

 Sorption of sulfate on C-S-H 
(experimental data: Divet et al. CCR 1998, Barbarulo et al. 2002, Skapa in progress 2008 

 Substitution of alumina  (Richardson CCR 1994, Chen et al. ICCC 2007,  

Pardal et al. CCR 2009 & Inorg. Chem. 2012) 

 kinetics can be taken into account as function of clinker reactivity over time  
(e.g. Lothenbach et al. CCR 2006 & 2008) 
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Experimental problem part 2: 

Blending of the model cement with 5% limestone 

C3S 81.37 wt.-% 

C2S    1.70 wt.-% 

C3A 11.93 wt.-% 

CaSO4    5.00 wt.-% 

Hydration of OPC with limestone – system creation 
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+ 5% CaCO3 

w/c       0.50 

Assumption: 100% hydration 

 

C3S 77.30 wt.-% 

C2S    1.62 wt.-% 

C3A 11.33 wt.-% 

CaSO4    4.75 wt.-% 

CaCO3   5.00 wt.-% 
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Hydration of OPC with limestone – system creation 

Limestone addition: 

repeat calculations with 95% OPC blended with 5% CaCO3 

Create new system 

use menue or click icon 

Press OK again  to leave the recipe wizard 
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Hydration of OPC with limestone – system creation 
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Experimental conditions: React 100 g OPC blended with 5% CaCO3 with 50 g water 

(add 1 g O2) 

Use recipe wizard 

Enter phase 

composition 
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Hydration of OPC with limestone - results 
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Experimental conditions: React 100 g OPC blended with 5% CaCO3 with 50 g water 

(add 1 g O2) 

AFt solid solution: 

0.905 mol SO4-ettringite 

0.095 mol CO3-ettringite 

=> Ca6Al2(OH)12(SO4)2.715(CO3)0.285 ·26H2O 

Monocarboaluminate 

(CO3-AFm) 

=> Significant mineralogical changes due to limestone addition  

C-S-H solid solution 

1.63 CaO · SiO2 · 2.88 H2O 

CSH-JenD = (CaO)1.5·(SiO2)0.6667·(H2O)2.5 

CSH-JenH = (CaO)1.333·(SiO2)1·(H2O)2.1667 

CSH-TobD = [(CaO)1.25·(SiO2)1·(H2O)2.75]0.6667 

CSH-TobH = (CaO)0.6667·(SiO2)1·(H2O)1.5 
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Predicted phase 

assemblage 

(hydrated cement 

paste): 

 

 C-S-H 

(solid solution) 

 SO4-AFt 

(solid solution) 

 CO3-AFm 

 Calcite 

 Portlandite 

Experimental conditions: React 100 g OPC blended with 5% CaCO3 with 50 g water 

(add 1 g O2) 

mC-S-H = 70.70 g 

mAFt(ss)= 16.00 g 

mCO3-AFm = 16.53g 

mpore sol. = 10.36 g 

mcalcite = 1.72 g 

mportlandite = 34.69 g 

Vpore sol. = 10.37 cm3 

VC-S-H = 31.48 cm3 

VCO3-AFm. = 7.62 cm3 

VPortlandite = 15.48 cm3 

Vcalcite = 0.64 cm3 

VAFt(ss) = 9.02 cm3 

Mcalcite = 1.72 g => 5.00-1.72 = 3.28 g calcite had reacted 
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Comparison experimental data and modelling: 

Hydration of OPC without limestone 
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Comparison experimental data and modelling: 

Hydration of OPC without limestone 
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Comparison experimental data and modelling: 

Hydration of OPC with limestone 
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Hydration of OPC with limestone – phase diagram 
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Estimation of phase assemblages  

high carbonate content 

AFt (ettringite) + 

monocarbonate + 

calcite 

Our cement: 

molar SO3/Al2O3=0.82 

weight SO3/Al2O3=0.64 

 

molar CO2/Al2O3= 1.19 

weight CO2/Al2O3= 0.52 

 

=> Formation of 

monocarboaluminate, 

AFt and calcite 

expected 
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Hydration of OPC with limestone – phase diagram 

Distinction between limestone as reactive admixture and as filler 
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Hydration of OPC with limestone – phase diagram 
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=> Determination of reactive calcite content by using diagrams 

      based on thermodynamic phase predictions 

Cement composition: ~4.3 g Al2O3; SO3/Al2O3 weight ratio~ 0.6 

Previous calculations Mcalcite = 1.81 g => 5-1.71 = 3.19g calcite have reacted 

~3.2% of the added 

calcite reactive 

Matschei et al., CCR 37, 2007 
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Possibility of formation of siliceous hydrogarnet in the system 

CaO-SiO2-Al2O3-CaSO4-CaCO3-H2O at 25°C 

 

 according to the literature the formation of siliceous hydrogarnet is 

likely in heat treated concretes 

 AFm phases are abundant and generally observed in cement paste 

cured at 25°C 

 knowledge on thermodynamic properties of solid solutions between 

different hydrogarnets containing Fe, Ca, Si has improved recently 
(Dilnesa et. al. CCR 2014a+b) 

 formation of siliceous hydrogarnet apparently kinetically restraint 

To reproduce reality, the formation of siliceous hydrogarnet is by default 

supressed in GEMS. The data however is included in the cement database 

(DComp) and can be introduced (Phase) if desired. 

Predicted stable phase assemblage 
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Import of siliceous Al-hydrogarnets (Dcomp -> Phase) 

1. 

2. 

3. 
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Import of siliceous Al-hydrogarnets (Dcomp -> Phase) 

1. 

2. Record -> Create new 

3. 

4. 
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Import of siliceous Al-hydrogarnets (Dcomp -> Phase) 
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Import of siliceous Al-hydrogarnets (Dcomp -> Phase) 
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Import of siliceous Al-hydrogarnets (Dcomp -> Phase) 

GEMS workshop, Dübendorf, May 7-8, 2014 



Appendix – siliceous hydrogarnet 

37 

Import of siliceous Al-hydrogarnets (Dcomp -> Phase) 

1. 

2. 
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Import of siliceous Al-hydrogarnets (Dcomp -> Phase) 

1. Recalculate phase 
2. Save phase 

3. Repeat afterwards the same 

procedure with C3AS0.84H4.32 

4. Re-open your project: 

The new phases will be included 

5. GEMS workshop, Dübendorf, May 7-8, 2014 
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Predicted stable phase assemblage in presence of Si-Hg 

(for OPC+calcite) 
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Al-siliceous hydrogarnet 

(pure phases) 

Room temperature: only C3AH6 forms;  

C3ASxH6-2x forms at 110 C°, but also stable at 20 °C 
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