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Why study hydration of binders? 

Blended binders in concrete 
ü Use of type II (reactive) mineral additions for concrete increasing 

ÅFly ash since ca. 1970ôs 

ÅSlag since over 100 years 

ÅSilica fume since the 1970ôs 
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Why study hydration of binders? 

Hydration of Portland cement 
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Why study hydration of binders? 

Hydration of cement containing slag 
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Clinker phases + water 

Ca-silicate hydrate (C-S-H) 

Ettringite (AFt) + slag 

Portlandite (CH) + slag + water  

Aluminates + sulfate + water 

C-S-H + hydrotalcite 

monosulfate (AFm) 

carbo aluminate 

hydrates (AFm) 



Motivation for the research study 

Hydration of blended binders 
ü Influence on durability 

ÅFrost resistance 

ÅASR 

ÅResistance to chloride ingress 

ÅSulfate attack 

ÅCarbonation 

ü Influence on workability, early properties 

ÅCuring conditions 

ÅSetting 

ÅRheology 

Initiation of a research study on blended binder systems 
ü Funded by Swedish cement and concrete industry and by CBI  
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Materials and methods 

Binder systems 

Binder blends Eq. cements w/b w/ceff 

C Reference cement CEM I 42.5 RR 0.45 - 

S 16 % slag, 6 % LL, interground CEM II/B-M 42.5 0.45 - 

S1 CEM I + 30 % slag 0.45 0.49 

S2 CEM I + 50 % slag 0.45 0.53 

V 16 % fly ash, interground CEM II/A-V 52.5 0.45 - 

V1 CEM I +15 % fly ash 0.45 0.50 

V2 CEM I +50 % fly ash 0.45 0.64 

M1 CEM I + 15 % metakaolin 0.45 0.45 
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Materials and methods 

Experiments performed on cement paste samples 
ü Mixing paste in mortar mixer (w/b = 0.45) 

ü After mixing filling paste into PET bottles (250 ml) 

ü Rotation for max. 24 h at 3 min/rev 

ü Storage at 20 °C 

Hydration times 
ü Early hydration: 4 h, 1 d, 2 d, 7 d 

ü Late hydration: 28 d, 91 d, 365 d, 730 d 

Sample preparation 
ü After appropriate time cutting of bottles, slicing of paste 

ü Stopping hydration by immersing paste slices into iso-propanol for water 

exchange, evaporation of water after appropriate time (4-5 days) 

ü Storing in desiccator for further analysis under CO2 free atmosphere 
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Materials and methods 

Studies and analysis ï Overview 
ü Early hydration 

ÅHeat development Ą isothermal calorimetry 

ÅSetting Ą Vikat apparatus 

ÅPhase changes Ą In situ XRD 

ü Intermediate and late hydration 

ÅPhase development Ą XRD, TGA 

ÅPore structure Ą MIP 

ÅMicro structure/chemistry Ą SEM-EDX 

ÅPore fluid chemistry 

ÅStrength development 
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Development of porosity 

Results ï Pore structure development 
ü Carried out by mercury intrusion porosimetry 

ü Method is based the assumption of cylindrical pore shape 
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Development of porosity 

Results ï Pore structure development 
ü Total pore volume 

ü Pore size distribution 

ÅPore radius vs. pore volume 

ÅPore radius vs. frequency 
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Development of porosity 

Binders containing slag: Total pore volume 
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