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Project description

Porosity of cement-based materials forms a complex interconnected
network of a wide range of sizes (see right side). Despite numerous studies,
there are inconsistencies between authors about size names and ranges
when describing pores.

The reasons are twofold. First, C-S-H hydrates, which comprise a significant
fraction of the total porosity are difficult to address experimentally due to the
nanometric features of their structure. C-S-H morphology as well as its che-
mical composition are still under debate nowadays. Secondly, most o the dif- } i
ferent techniques able to assess the pore volume of cement pastes have limi- ml fem) imm) thim) i
tations and often do not measure the whole porosity.
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For the past 20 years, 'H Nuclear Magnetic Resonance (NMR) has been used in order to study the water in cementitious materials. With a resolution of one molecule, the water held in
the C-S-H nanostructure can be measured and studied. The aim of this project is to use this new tool to better describe the porosity of cement-based material. The NMR results will act
as a basis of comparison with the other «classical» characterisation methods.

Project results
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‘ @ After 2 days of hydration, Portlandite and C-S-H continue to grow while the gel water reaches a plateau.
\ This is associated with the formation of a denser C-S-H. In the same time, a slowdown in the consumption of
capillary water is observed.

@ When the capillary water has become insignificant (after 28 days), C-S-H layers continue to form using up
‘ the gel water, which has become the largest water reservoir.
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water. The «bulk C-S-H» density (green dots, right 0.0 0.2 0.4 0.6 0.8 1.0 — the outer surface of C-S-H aggregates, this den-
graph) increases over the time as the C-S-H densi- E——
fies. Ppyik = 2.09 after 300 days.
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‘ « Scanning Electron Microscopy (SEM) ‘ ‘ « Mercury Intrusion Porosimetry (MIP) ‘ - Oven drying at 50 °C
| | | NMR - Oven drying at 105 °C
::o;?ropar;ol exchange Isopropanol exchange paraffin Pore description -Vacuum drying at 10'2 bars
esin exchange White cement White cement -Vacuum drying at 107° bars
» +10% Silica Fume 28 days cure- - Freeze drying
Pore description Wi =040 - | dunder water - Solvent exchange
White cement Glass oylinder = [ (isopropanol and ethanol)
28 days cured 4
under water I I —
No pre-treatment Isopropanol exchange - i
| | ) ' . Re-saturation — NMR
Mixing Nuclear Magnetic Resonance under H,O
« Water sorption isotherm « Nitrogen sorption isotherm L t ‘\ / 2

Qutstanding questions

1. What are the best methods to accurately measure the porosity of cement based-material? Where do they fail? Where do they succeed?
2. Have the SCMs an influence on the C-S-H chemical equation and density?

3. How does the drying prior to most of the measurements affect the porosity of a never dried material?
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