A long-term study of the properties of a magnesium-silicate-hydrate cement
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Cement products are ubiquitous in today’s engineering applications, from building to nuclear
waste management. Substantial research has been devoted to understanding the microstructure
and formation mechanisms of magnesium-silicate-hydrate (M-S-H) cements for various
magnesium and silica sources, including waste products. More specifically, methods to reduce
the water demand of magnesium powders and the formation of magnesium hydroxide, an
intermediate product, have also been developed to improve peak strength and the formation
rate of M-S-H. This is especially important because M-S-H formation is hindered by the slow
dissolution kinetic of magnesium hydroxide, leading to properties that change over a long
period of time. Few transport and mechanical characterisations have been conducted for the
M-S-H cement, and most have been performed on cements aged for under 90 days. As M-S-H
continues forming after 90 days, the long-term behaviour is unknown. The purpose of this work
is to understand the behaviour of the M-S-H cement as a reference for magnesium hydroxide-
based cements for waste incorporation in a nuclear setting. Periodic assessments of transport,
mechanical and characteristic properties were undertaken for a year to determine the behaviour
of a M-S-H cement formed from hydration of magnesium oxide and silica fume. Properties
including porosity, sorptivity, diffusivity, compressive strength were assessed. A peak strength
of 34MPa is achieved by 60 days, with the continued formation of M-S-H resulting in the
continued improvement of transport properties due to the reduction in pore volume. These
results suggest that the research could also be applied outside the nuclear waste field.



