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Mechanisms behind Microstructural Changes Induced by Accelerated Carbonation in
GGBS-Blended Hardened Cementitious Materials
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(Abstract)

Carbonation mechanisms have been widely investigated in the past, as natural
carbonation can cause deterioration of reinforced concrete structures. Previously, the
accelerated carbonation was used to predict long-term effects of natural carbonation.
However, with the growing interest in Net-Zero emissions and sustainability issues, the
use of supplementary cementitious materials (SCM) in combination with Carbon Capture
Utilization & Storage (CCUS) strategies creates a new scenario for the carbonation
mechanisms’ investigation.

The combination of accelerated carbonation and SCM, such as ground granulated blast
furnace slag (GGBS), presents a promising approach for mitigating CO, emissions and
enhancing circularity in the cement and concrete industry. Despite extensive research in
recent years on accelerated carbonation of cement-based materials, much of the focus has
been on maximizing and quantifying CO, uptake, mainly assessing CC formation. Thig
emphasis has often overshadowed other critical phenomena such as the decalcification of
calcium silicate hydrates (C—S—H) and the behavior of water release during carbonation.
It is well known that, for carbonation reactions to occur in cementitious materials,
calcium 1ons must react with CO: to form CC. However, in hydrated cement-based
materials, this also implies the gradual (partial or total) decomposition of the hydrate
phases, a process that is often overlooked. Moreover, after the hydrates’ decomposition,
water 1s generated as an additional carbonation product, alongside CC. This aspect has
also received limited attention in the study of accelerated carbonation.

Considering this background, this study explores accelerated carbonation from a new
perspective, focusing on the mechanisms underlying microstructural changes induced by
accelerated carbonation in Ordinary Portland Cement (OPC) and GGBS-blended hardened
cementitious materials. Through analysis of phase assemblage, comparing OPC and
GGBS-blended system, it was found that the decomposition of different hydrates during
the reaction with CO:z and the formation of different carbonation products are responsible

for the microstructural transformations, reflected in measurable porosity, mass and

dimensional changes. While the formation of CC is largely responsible for mass gain
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during carbonation, the already reported C-S-H decalcification shrinkage (polymerization
of silica chains) appears to be the main factor influencing dimensional change induced by
accelerated carbonation, resulting in macroscopic shrinkage, especially in GGBS-blended
systems. However, the water behavior (formation and release) upon carbonation seems
also to be a significant mechanism governing the microstructural changes and should not
be disregarded.

Therefore, this research highlights the importance of evaluating microstructural changes
induced by accelerated carbonation through an integrated assessment of hydrated phases,
carbonation products and water behavior. A comprehensive understanding of these
mechanisms is essential for achieving the full potential of accelerated carbonation
technologies, particularly in conjunction with SCM, to help drive the cement and concrete
industry toward Net-Zero emissions.
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