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Hydration of Portland cement at different temperatures

1) Experimental evidences

2) Temperature calculation in GEMS
(Limestone-blended cement)



Tutorial: Effect of temperature on PC hydration

3

0

10

20

30

40

50

60

1 10 100

age [d] 

st
re

ng
th

 [N
/m

m
2
]

5 °C
20 °C
30 °C
40 °C

Lothenbach ea 2007, CCR 37
Lothenbach ea 2008, CCR 38

Cross over

Influence of temperature: Compressive strength
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Influence of temperature: Progress of hydration

20 °C

0

10

20

30

40

50

60

0.1 1 10 100 1000
time (days)

Re
la

tiv
e 

XR
D 

pe
ak

he
ig

ht

//

//

0

alite

50 °C

5 °C



Tutorial: Effect of temperature on PC hydration

6

Influence of temperature: Microstructure

5°C, 150 days
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Influence of temperature: Microstructure

50°C, 150 days

AFm
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XRD, 150 days
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Modelling: Temperature
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Hydration: 20°C

Calculated with earlier versions of GEMS & CEMDATA
(this slide and next slides)
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Higher temperature:
 kinetic of hydration

 morphology (inhomogenous), denser C-S-H
 coarser porosity
 pore solution (SO4, Al)
 hydrates (ettringite, monocarb.  monosulfate)

 volume decrease
 decrease in strength

Solubility of ettringite increases with temperature
-> less stable

Summary
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• Open Project „PC“ (Lessons L03 & L04)
• Clone the single file „PC“ and name it e.g. „PC2“

(will preserve deactivation of phases)
• Enter its composition as listed below und calculate Cement

composition in 
g/100 g:
=> All reacts!

w/b = 0.5

Some O2 to
ensure
oxidizing
conditions
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Fe-containing siliceous hydrogarnet
C-S-H

Ettringite

Monocarbonate

Calcite

Portlandite

Hydrotalcite
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• Clone process file „LS_Vol“ as we will re-use the output part
to simplify our work

name
temperature and
pressure variation
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Temperature and
pressure variation
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No script
needed

Start temperature
Stop temperature
Step size

Numbering
of the single
calculations

We leave the output file like it is and change it later
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cTC: Temperature in °C

cT: Temperature in K

The rest of the output we leave like it is

We differentiate between the
water contents of monosulfate
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• Calculate and make a nice cumulative plot
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• Plotting changes of pH, OH- and C-S-H composition
• Make new process „PC_temp_CSH“ with PC2 as parent file

No script
needed

Start temperature
Stop temperature
Step size

Numbering
of the single
calculations
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bXa[{CSHQ}] [{Ca}]:
mol Ca in C-S-H 
solid solution

my[{OH-}]: 
OH- concentration
(in mol/kg H2O)

Plotting of changes in 
pH, OH- and C-S-H
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Plotting of changes in pH, OH‐ and C‐S‐H

bXa[{CSHQ}][{Ca}]/bXa[{CSHQ}][{Si}]:
molar Ca/Si in C‐S‐H solid solution
bXa[{CSHQ}][{H}]2/bXa[{CSHQ}][{Si}]:
molar H/Si in C‐S‐H solid solution (H/2 = H2O)

14+lg(my[{OH‐}]) equals pH at 25 °C
=> to illustrate temperature effect on pH: 
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Changes in pH 
Much less in pOH
(DG(H+) = 0 by definition)

C-S-H composition quite constant, Ca/Si = 1.63 -> 1.59
H/Si = 2.89 -> 2.84, almost no variation with temperature
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Influence of temperature: 5% Cc

Changes in pH 
Much less in pOH
(DG(H+) = 0 by
definition)

C-S-H composition quite constant, Ca/Si = 1.63
H/Si = 2.9: mainly interlayer water + some gel water

Interlayer water

Interlayer
+
gel waterMuller ea 2013 

J Phys Chem C
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Influence of temperature: 5% Cc

Changes in pH 
Much less in pOH
(DG(H+) = 0 by definition)

C-S-H composition quite constant, Ca/Si = 1.63
H/Si = 2.9: mainly interlayer water + some gel water

Muller ea 2013 
J Phys Chem C

Interlayer water

Interlayer +
gel waterInterlayer + 

gel water

Gallucci ea 2013, CCR
Ca/Si no variation
total H/Si decreases
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Influence of temperature: 5% Cc

Changes in pH 
Much less in pOH
(DG(H+) = 0 by definition)

Muller ea 2013 
J Phys Chem C

Interlayer water

Interlayer +
gel water

Gallucci ea 2013, CCR

Myers,  L’Hopital ea in 
preparation
interlayer H/Si ~ 2 
from 7 to 80 °C

C-S-H

Interlayer water

gel water

 Variations in gel water
difficult to include

 Temperature effect on 
composition and 
interlayer water, on 
aluminium, anion and  
alkali uptake: 
work in progress
L’Hopital, Myers, 
Plusquellec, Kulik, 
Lothenbach, Nonat, … 


