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ABSTRACT 

Giorgiosite is a relatively unknown hydrated magnesium carbonate (HMC) without a clear understanding 
of its characteristics and synthesis pathway. The phase has a nano-wire morphology with high surface 
area, and hence, attracts immediate interests for various applications including as early-strength-giving 
phase in HMC-based binder. However, there had been no clear and successful pathway in the past to 
synthesize the phase. The present work addresses this research gap and reports an effective protocol to 
obtain giorgiosite in high purity. We found that giorgiosite can be synthesized via the conversion of pure 
nesquehonite [MgCO3·3H2O] in a 1M Mg-acetate solution at 50 °C. In contrast, nesquehonite converted 
to dypingite [Mg5(CO3)4(OH)2·5H2O] in the absence of acetate. Here, the characteristics of giorgiosite as 
determined by XRD, TGA/FTIR, SEM, and Raman spectroscopy are reported. The better understanding 
of the characteristics of giorgiosite will contribute to the development of HMC-based binders, which have 
the potential to be a carbon-negative construction material. Further work is needed to shed light on the 
conversion pathway in the presence of organic ligand (e.g., acetate) and to determine the thermodynamic 
properties of giorgiosite. 
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1. Introduction 

MgO-based cements have been attracting increased interests due to their potential as a major binding 
system. Hydrated magnesium carbonate (HMC)-based binders show the ability to utilize carbon as a 
precursor in producing the binder. Thus, they can potentially reach net carbon-negative emission, if the 
source of MgO comes from non-carbonate sources such as Mg-silicates (Scott et al., 2021; Zevenhoven et 
al., 2017). Mg-silicates are abundant on Earth’s crust and widely distributed worldwide, as well as Mg-
containing brines (Badjatya et al., 2022). However, little is known about the formation, stability, and the 
role of different HMCs in the binder. In our previous work (Nguyen et al., 2022), when acetate 
(CH3COO-) ligand was present in the system, giorgiosite [Mg5(CO3)4(OH)2·5–6H2O] was formed by 
conversion from nesquehonite [MgCO3·3H2O]. It is a relatively unknown phase (no single crystal 
structure and thermodynamic data available in literature) and with only scattering information from X-ray 
diffraction available in literature (Canterford et al., 1984; Friedel, 1975). The phase was mentioned for the 
first time by Friedel (1975) with a relatively low synthesis yield (~50%) and unclear formation route. 
Hence, in this work we provide a clear pathway to synthesize giorgiosite, a detailed characterization as 
well as an outlook to shed further light on the crystal. 
 
2. Synthesis of giorgiosite 
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The synthesis of giorgiosite was based on the conversion of nesquehonite in a 1 M Mg-acetate solution. 
First, nesquehonite was synthesized via wet carbonation of brucite (VWR Finland, purity 99.7%, CAS 
number: 1309-42-8) at 20 °C. Brucite was used as a source of magnesium at 0.7 mol Mg(OH)2 per liter of 
solution. The CO2 gas was bubbled into the suspension with a flow rate of 100 cm3/min. During the 
synthesis, the pH was measured in-situ. The pH value stabilized at around 7 when the carbonation of 
brucite was completed.  
One part of the suspension was vacuum filtrated (filter size: 1 µm) after carbonation. The solid was 
washed twice with isopropanol and once with diethyl ether and then dried in an oven at 40 °C for 1 hour 
before completing the drying process at ambient conditions for 2 days. The solid was then characterized 
by X-ray diffraction (XRD) analyses, and the formation of high purity nesquehonite (with about 1 mass-
% brucite remaining) was confirmed. 
To obtain giorgiosite, a part of the nesquehonite suspension was sealed with 1M Mg-acetate after wet 
carbonation and oven-cured at 50 °C for 14 days. After the curing period, the solid was collected 
following the above-mentioned procedure prior to further analyses. Note that although the conditions of 
synthesis (e.g., duration, acetate concentration, and temperature) can be further optimized, the present 
work intends to report the route for giorgiosite synthesis, and the optimization will be the focus in future 
study. 
 
3. Characterization  

The XRD measurements were performed with a PANalytical X'Pert Pro using with a Co X-ray source at 
45 mV voltage and 40 mA intensity and an X'Celerator detector. Prior to the measurement, samples were 
sieved through a 63-µm sieve, and back-loading was used for sample preparation. The measurement was 
performed from 5 to 90° 2θ with a scanning step of 0.017° 2θ and step time 66 seconds; this leads to a 
total time for a measurement around 45 mins. Data were further analyzed using X'pert Highscore Plus 
software version 5.1 coupled with PDF-4+ 2022.  
The morphology of synthesized giorgiosite was observed via scanning electron microscopy (SEM) using 
a FEI Quanta 650 (ThermoFisher Scientific). The instrument was set at an accelerating voltage of 10 kV 
and a working distance of 10 mm using a secondary electron detector. Prior to SEM analyses, the samples 
were stored in sealed conditions and coated with Pt prior to the measurement. 
Thermogravimetric analyses were performed under nitrogen atmosphere (flow rate 20 cm3/min) using a 
Netzsch STA 449 F3 Jupiter coupled with a Fourier Transform Infrared (FT-IR) spectrometer (IR Alpha 
detector, Bruker AG, Germany) for gas analysis. Weight changes were measured on 50–70 mg sample 
during heating s from 30 to 1000 °C with a heating rate of 10 K /min in alumina crucibles. 
Raman spectroscopy was performed using a laser confocal micro-Raman spectrometer from B&W Tek. 
The calibration was done using pure silicon as a reference sample. The scan was set at 20% laser intensity 
with a total 10 seconds of scanning for an average of 10 scans. 
 
4. Results and discussion 

Pure giorgiosite was obtained by the conversion of nesquehonite in the presence of acetate in the 
suspension within 14 days at 50 °C (Figure 1). However, the exact kinetics of this conversion remains 
unclear, particularly the influence of temperature. Since nesquehonite is known to convert to either 
dypingite [Mg5(CO3)4(OH)2·5H2O] or hydromagnesite [Mg5(CO3)4(OH)2·4H2O], depending on the 
temperature (Hopkinson et al., 2008), the role of temperature coupled with the presence of additives e.g., 
other organic ligands, will be of interest for further studies. Giorgiosite has a clearly distinguishable 
morphology compared to other HMCs such as nesquehonite (Figure 2), dypingite or hydromagnesite 
(Raade, 1970). As shown in Figure 2, giorgiosite has a needle-like shape with very high aspect ratio, 
which could be beneficial to provide early strength for the HMC-based binder.  
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Figure 1. XRD patterns of synthesized nesquehonite and giorgiosite 

 

 
Figure 2. Morphology of nesquehonite and giorgiosite as determined by SEM 

The thermal decomposition of giorgiosite confirms the phase as a hydrated carbonate with both FT-IR 
signals for H2O and CO2 present (Figure 3a). The dehydration started during 60–200 °C and the 
dehydroxylation and decarbonation appeared simultaneously in an identical range of temperature from 
300 °C to 500 °C. Furthermore, Raman spectroscopy indicates the presence of acetate with the C–C 
stretching, and CH3 deformation signals at 940 cm-1 and 1356 cm-1, respectively [q.v. (Wang et al., 
2005)]. The peak at 1114 cm-1 is assigned to the antisymmetric stretching vibration ν1 of CO3

2-, while 
there is a hump around 900–700 cm-1 which may be due to the antisymmetric stretching vibration ν4 of 
CO3

2- [q.v. (Frost, 2011; Skliros et al., 2020)]. Since giorgiosite was formed in the presence of acetate at 
relatively high concentration (i.e., 1 M), there is high possibility that giorgiosite in addition to carbonate 
either absorbs or incorporates some acetate in its structure, as indicated by the trace of acetate in the 
Raman spectroscopy. Further investigation is needed to verify the potential uptake of acetate in 
giorgiosite and to confirm the chemical formula of this phase. In addition, the thermodynamic data of 
giorgiosite and its crystal structure will be beneficial to enable better prediction in thermodynamic 
modelling and the quantification of HMC-based binders with the presence of giorgiosite. 
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(a) (b) 
Figure 3. (a) Thermal properties of giorgiosite and its correspondence of mass loss to CO2 and H2O signals 

from FT-IR, (b) Raman spectroscopy of the giorgiosite showing the trace of acetate (Ac) in the giorgiosite 

 
5. Conclusions and outlook 

In this work, we suggested a pathway to synthesize giorgiosite based on the conversion of nesquehonite in 
an acetate-containing suspension. The synthesis route yields a full conversion to giorgiosite in a relatively 
short curing time (i.e., 14 days). The giorgiosite contains a trace of acetate as seen via Raman 
spectroscopy. Thus, there may be the possibility that acetate is incorporated in the crystal leading to the 
need to redefine whether giorgiosite is an organo-HMC or not. Therefore, further work is needed to 
confirm and shed further light on the nature of giorgiosite phase that was synthesized in this work. The 
phase will also be beneficial to further investigate the role of organic ligand in the formation of HMC 
towards the utilization of HMC-based binder in construction when the properties and characteristics of 
this phase are fuller understood. 
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