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Summary: Temporally-resolved tomographic and chemical analyses are integrated in order to 
inform understanding of the curing process of reactive magnesium cement, a lower carbon-
emissions alternative to conventional Portland cement. 

 
1. INTRODUCTION 

Cements made of reactive magnesium minerals ("reactive magnesium cements", or RMCs) have been 
proposed as an alternative to commonly used Portland cement (PC). PC production is a significant 
carbon emissions source, producing on the order of 5% of the world’s carbon emissions annually 
[Worrell et al., 2001]. RMC production requires a lower calcination temperature compared to PC (800 vs. 
1450oC), enabling the usage of renewable energy for calcination process; and RMCs necessarily 
consume significant amounts of CO2 during cementation [Ruan and Unluer, 2016]. These factors 
combined indicate that replacement of PC with RMCs in construction and industrial applications, 
where available, could largely reduce the carbon emissions derived from cement production and 
concrete usage. 
 

Upon initial mixing, RMC-aggregate mixtures are porous and relatively weak, but over time, and with 
exposure to water and gaseous CO2, RMCs react to form hydrated magnesium-carbonate minerals 
within the pore structure of the original aggregate skeleton. The formation of hydrated carbonate 
strengthens the concrete, but can also clog the pore space and limit complete reaction or produce 
unstable minerals. Understanding the interplay between the 3D structure, minerals and chemistry of 
RMC-based concrete — and the evolution of these properties over time — is crucial for developing a 
reliable, strong, and building-ready RMC-based alternatives to PC. 
 

We present results from a suite of experiments investigating RMC curing for different aggregate 
compositions, and under accelerated and ambient CO2 concentration conditions. The evolution of the 
3D concrete microstructure was characterized using high resolution 3D X-ray computed tomography; 
accompanying temporally-resolved mineral characterization was accomplished using diffuse 
reflectance FTIR spectroscopy (Figure 1). The time-resolved linkage of chemical and structural analyses 
presented herein provides insight into optimization of RMC-based concretes, as well as a case study for 
coupling tomographic image and chemical/mineralogical signatures to inform understanding of 
reactive processes. 
 

2. EXPERIMENTAL METHOD 
Three aggregate compositions were investigated: (1) monodisperse quartz sand sieved at 35 mesh, (2) 
monodisperse quartz sand sieved at 70 mesh, (3) a polydisperse 50:50 mix of quartz sand sieved at 35 
mesh and 70 mush. For all samples, the original cement material was commercially available calcined 
magnesia (Causmag® Granomag® AL7; Causemag International; Young, NSW Australia 2594), and 
concrete was mixed manually to a cement: aggregate: water ratio of 1:2:0.8 in micro-cores (12 mm 
diameter, 36 mm tall). Duplicate samples were mixed for each carbonation condition. “Normal” 
carbonation conditions were maintained under atmospheric CO2 levels; “accelerated” carbonation 
conditions were achieved by periodic (on the order of several days) injections of pure CO2 at 
atmospheric pressure into an air-tight vessel. At five time points during curing, high-resolution 



laboratory-based 3D X-ray CT (via the ANU CTLab) and diffuse reflectance FTIR measurements of the 
surface were obtained. Destructive compressive strength testing was conducted at the endpoint of 
curing. 
 

3. RESULTS 
The results of this study are significant in several aspects. First, we provide a case study for integration 
of chemical and 3D image-based analyses. Second, comparison of the different aggregate-carbonation 
scenarios establishes links between structure, and reaction rate and extent. Third, the results indicate 
that nesquehonite (MgCO3 ·3H2O) is the dominant reaction product for samples cured under 
accelerated carbonation (IR bands from Coleyshaw et al., 2003). Although nesquehonite loses CO2 
and/or H2O at ambient conditions to become amorphous or converts to hydromagnesite or dypingite 
in humid conditions (Zarandi et al., 2017), it can also be used to form a lightweight cement if it is 
thermally activated and treated under water (Morrison et al., 2015). Utimately, we provide insight into 
how to optimise initial aggregate composition/structure and curing conditions, in order to 
enhance CO2 uptake and RMC-concrete strength. 
 

 
Figure 1. Time resolved tomographic imaging (a) enables characterization of the 3D structure (b), as well as 
quantification of phase volumes and distributions from both segmented and grayscale (c) perspectives. Image 
based analyses are combined with diffuse reflectance Fourier-transform infrared (FTIR) spectroscopy (d) to 
enhance understanding of the interplay between structure and chemistry on the RMC curing reaction. 
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