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Introduction “Ink Bottle Pores”

The invoking of “ink bottle” pores, with a single small pore entrance and large volume beyond the entrance, provides a common method for
explaining the overall hysteresis observed in mercury intrusion porosimetry (MIP). However, hysteresis Is also caused by contact angle
hysteresis, mercury snap-off, and rupture of the pore network. So the existence of ink bottles cannot be judged simply from the extent of
MIP hysteresis. However, their existence can be investigated using the Pore-Cor Research Suite software (University of Plymouth, UK),
which generates a three-dimensional void network with a simplistic Cartesian geometry that has the same percolation properties, in terms
of MIP, as an experimental sample. Successful modelling requires very accurate experimental MIP measurements over the entire pressure
region up to 400MPa, including blank runs at the same temperature to allow correction for compressibility, and values of sample density.
The software then uses connectivity, as well as pore and throat sizes and a short range size auto correlation function, as a fitting parameter
to match the percolation properties. The fitting Is carried out with an 8-dimensional Boltzmann-annealed amoeboid simplex. Interrogation
of the resulting explicit 3-dimensional network, in terms of the connectivities of individual pores, yields a range of connectivities over the
permitted range of 1 to 6.

The software does not prove the existence of ink-bottles, but can demonstrate for a particular sample whether the existence of ink bottles is
compatible with the shape of the MIP curve, porosity and density. A range of other properties can also be modeled, for example diffusion[1].

Samples & MIP Experiment

“UHPC”
Ultra High Performance Concrete made of cement CEM 52,5R HS-NA
(733 kg/m?3), sand (1008 kg/m3), microsilica (230kg/m?3), quartz | (183

“OPC”

Hardened Cement Paste made of Ordinary Portland Cement
CEM | 32.3R, w/c=0.4 minimum 28 days cured [2,3]

kg/m?3), vol.% of fines < 0.125mm (405 I/m3), plasticiser (28.6 kg/ms3),
Mercury Intrusion Porosimetry (MIP) investigations water (161 I/m3). The water cement ratio was w/c = 0.23, considering
were conducted at Porotec lab with PASCAL the water content of the plasticiser the water binder ratio is w/b = 0.19

140/440 Mercury intrusion porosimeters minimum 28 days cured (provided by University Kassel [4])
(ThermoFisher Scientific) up to 400MPa (UHPC) and
200MPa (OPC) with blank correction.

Results
Results for a specimen sample are presented as a fit to the mercury intrusion curve, the corresponding pore and throat size distributions,
and the individual pore connectivities. Those pores with connectivity of 1 are ink bottles, although some larger ink bottles could be

clusters of well connected smaller pores.
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The Pore-Cor results show a clear
difference In size and frequency of
iInk bottle pores between OPC and
UHPC, which 1Is realistic In the
context of the known high density
and strength of UHPC. The
connectivity of pores Is similar.
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