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1. How does your work advance the field of green chemistry? .o, 1103005003500
Transforming waste bischofite brine into reactive magnesia cement (RMC),
reducing reliance on virgin magnesite and mitigating environmental impact

from brine disposal. The resulting CO,-cured mortar actively sequesters
carbon, offering a carbon-storing alternative to Portland cement.

2. Please can you describe your specific green chemistry
achievement, either quantitatively or qualitatively?

Synthetic RMC-based mortar exhibits 19.7% lower CO, emissions per MPa
than commercial RMC mortar. This combines waste utilization (bischofite),
reduced process emissions compared to literature wet synthesis (-18.9%), and
significant CO, uptake during curing.

3. How could your work be made greener and be elevated by further
research?

Replace the carbon-intensive CaO alkaline source with lower-impact
alternatives (e.g., alkaline wastewater from concrete mixing plant). Optimize
carbonation curing conditions to maximize CO, uptake.
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Abstract

Bischofite (MgCl,-6H,0), the byproduct of salt lake resource extraction, is a useful source
for valuable resources. This study investigated the production and utilization of reactive
magnesia (MgO) cement (RMC) from bischofite. Synthetic RMC recovered through timed
calcination was used in preparing CO,-cured mortar and compared to samples produced

from commercial RMC. The acid neutralization time, an indication of reactivity, of the
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synthetic RMC from complete calcination indicated a good correlation with specific surface
area. Synthetic RMC-based mortars exhibited higher reaction rates of hydration.aud, c
carbonation than mortars involving commercial RMC. Furthermore, mortars prepared with
synthetic RMC demonstrated higher compressive strengths, attributed to a denser pore
structure and enhanced moduli/hardness in interfacial transition zone. The indentification of
the key factors governing mechanical performance facilitated the regulation of the strength
of high-activity RMC-based mortars. The overall CO, per MPa of the synthetic MgO-based

mortar was 19.7% lower than that for the commercial RMC-based mortar.

Keywords: waste brine; synthetic magnesia; calcination; pore structures; nanoindentation;

life cycle assessment (LCA)
1 Introduction

Ordinary Portland cement (OPC), a primary component of concrete, poses significant
environmental challenges due to the high CO, emissions associated with its production ['-41,
Much research has focused on low-carbon alternatives to achieve carbon neutrality, with
reactive magnesia cement (RMC) emerging as a promising substitute for OPC 5-71. RMC is

produced by decomposing magnesite (~700-900 °C, dry route) or brucite (~500-700 °C, wet

Published on 21 August 2025. Downloaded by Y unnan University on 8/23/2025 5:34:14 PM.

route) [Bl. However, the limited availability of magnesite restricts global access and increases
costs. In contrast, abundant magnesium resources in Qinghai Lake, China, offer a more
accessible and cost-effective alternative. Unfortunately, the extraction of potassium salts
generates a large amount of magnesium-rich byproduct, bischofite (MgCl,-6H,0), which
remains underutilized and contributes to environmental degradation Pl. Consequently,
recovering RMC from bischofite presents an attractive option for producing RMC with
reduced environmental impacts ['], and recent studies have demonstrated the feasibility of

using bischofite for RMC production [10. 111,
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Researchers have precipitated Mg(OH), by adding alkali to seawater or brine,, ptitiarily.:
focusing on the effects of different alkali sources, calcination temperatures, and times on
RMC characteristics, such as reactivity ['>74. Among various alkali sources used for
precipitating Mg(OH), from desalination brine, CaO is noted for its lowest environmental
impact %], Studies also show that Mg(OH), precursors can be calcined at 500 °C for 2 h to
obtain highly reactive magnesia. However, a significant decrease in RMC reactivity is
observed with increasing calcination temperatures within the 400-550 °C range, particularly
above 500 °C "4, In investigations of calcination temperature and time effects on magnesia
properties, the predominant method used is timed calcination, which involves controlled
heating for a specified duration without an intervening cooling phase ['2 131, This method is

less effective for energy conservation and emission reduction.

In addition to rejecting brine, other magnesium-rich sources can also be used to produce
magnesia. For instance, Badjatya [l utilized membrane-free electrolyzers to convert Mg2* in
seawater into Mg(OH),, which was then calcined to obtain MgO. Zheng ¢! produced MgO
by sintering bischofite at 1000, 1050, 1100, and 1150 °C for 1, 2, and 3 hours. Most research
has focused on RMC-based concrete [ 17. 18] while studies on RMC-based mortar are less
common "], especially those exploring the use of precipitated Mg(OH), or synthetic RMC for
mortar preparation ['9: 201, Despite the improved strength observed in concrete with a lower
w/b ratio within the 0.55-0.65 range '8, differences in mix proportions and pore structure
between RMC-based mortar and concrete complicate the understanding of how w/b ratio

influences the carbonation degree and strength of RMC-based mortar.

Compared to concrete, mortar mixes typically have a higher water-to-binder (w/b) ratio 2],
which increases their porosity and makes them more susceptible to CO, penetration.

Conversely, coarse aggregates in concrete can slow CO, penetration 22, Therefore, the

3
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CO,, diffusion patterns differ between RMC-based mortar and concrete. Additionally, our
previous work 2% showed that the interfacial transition zone (ITZ) in synthetic, RMGCibased; -
mortar is denser than in commercial RMC-based mortar, leading to superior mechanical
properties. In OPC-based mortar mix design, the mortar strength primarily depends on the
cement strength and w/c ratio for non-absorbent substrates. Conversely, for absorbent
substrates, the strength depends mainly on the cement strength and content, with less
influence from the w/c ratio. However, the lack of a clear quantitative relationship between
pore structure, ITZ characteristics, and RMC-based mortar strength at the microscale

hinders the optimization of mortar formulations and CO,-curing regimes.

Based on these considerations, the brine from potassium extraction at Caerhan Salt Lake,
which primarily contains bischofite, was effectively used to produce highly reactive synthetic
RMC. Two calcination regimes, timed calcination and complete calcination, were
innovatively employed to calcinate Mg(OH), extracted from the brine. This study is the first
to elucidate the relation between lattice transformation of Mg(OH), calcined at 400, 500 and
600 °C and reactivity of RMC. Both synthetic and commercially available RMC were then

used to prepare mortar samples with varying w/c ratios, which were then subjected to a 28-

Published on 21 August 2025. Downloaded by Y unnan University on 8/23/2025 5:34:14 PM.

day CO, curing period. The underlying mechanisms of strength development and key
controlling factors were revealed to explain the differences between synthetic and
commercial RMC-based mortars by using microscopic characterization techniques,
including X-ray diffraction (XRD), thermogravimetric and differential thermogravimetric
Analysis (TG-DTG), X-ray computed tomography (X-CT), and nanoindentation. Finally, the
carbon footprint of commercial and synthetic RMC was analyzed using the single indicator
IPCC 2013 GWP 100a, yielding the global warming potential of each product, as well as
incorporating the CO, sequestration level and mechanical performance of mortars prepared

with each binder.
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2 Materials, sample preparation and methodology
2.1 RMC synthesis

View Article Online

Fig. 1 (a) illustrates the process for preparing synthetic RMC and mortars. Thébrine, mainty”*
composed of bischofite, is a byproduct of potassium extraction from Caerhan Salt Lake. The
specific composition of the brine is detailed in Table S1 of supplement document. To
achieve a 0.15 mol/L Mg?" concentration, bischofite was dissolved in water. CaO, a cost-
effective alkali source, was used to extract Mg(OH),, maintaining a Ca?*/Mg** molar ratio of
1. Initially, CaO was added to 200 mL of brine, ultrasonically dispersed for 3 minutes, and
stirred to ensure complete dissolution [, The resulting solution was transferred to a 25 L
reaction tank containing brine, and manually shaken every hour for 5 mins, with the pH
monitored until stabilization, indicating reaction completion. After 24 h of natural separation,

the solid accumulated at the tank bottom was separated from the solution.

The newly formed precipitates and liquid were separated using a centrifuge. The solid
phases were washed three times with deionized water, repeating the solid-liquid separation
step after each wash. The washed Mg(OH), solids were placed in an oven at 105 °C for one
day. After drying, the solids were ground into powder under consistent grinding conditions

to ensure uniform grain size distribution across different batches 1.

The microscopic morphology, XRD pattern, and particle size distribution of brucite are
shown in Fig. 81 (a)-(c) in the Supplementary documents. Brucite appeared as nanoflake
particles with rounded and cornered edges, with most particle sizes ranging between 50 and
200 nm (Fig. $1 (a)). A faint impurity peak, likely calcite, was also observed in (Fig. S1 (b)).
Rietveld refinement results indicated that the Mg(OH), (brucite) content exceeded 94%,
confirming the effectiveness of the preparation process. Two calcination schemes were

employed to produce RMC from Mg(OH), (see Table 1), with details outlined below:
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(1) RMC-TC via timed calcination: Calcination was maintained for 1 or 2 h after reaching
the maximum temperature, following the method described in reference 'Y, The. gratps: :
were labeled as Sx-1 or Sx-2. For example, S4-1 represents the RMC obtained after

calcination at 400 °C for 1 h.

(2) RMC-CC via complete calcination: Calcination continued for 0, 0.5, or 6 h after
reaching the maximum temperature. The heat source was then turned off, allowing the
furnace to cool naturally for 24 h. The parameters (calcination temperature and holding time)
were based on relevant literature ['2 141, Additionally, SS7-6 was designated as the over-
calcined group due to its maximum temperature (700 °C) and prolonged holding time (6

hours), which significantly exceeded those of other groups.

Brucite was heated in a 100 mm x 100 mm x 25 mm alumina crucible with a 4 mm thickness,
using a heating rate of 20 °C/min. Fig. 1 (b) demonstrates the calcination temperature

curves for the S4-1 and SS5-0.5 groups over time.

2.2 Sample preparation

Published on 21 August 2025. Downloaded by Y unnan University on 8/23/2025 5:34:14 PM.

In addition to using synthetic RMC as the binder for mortar, the study included another binder,
commercial RMC derived from calcined magnesite, serving as the control group. The
specific surface area (SSA) of the commercial RMC, determined through Brunauer Emmett
Teller (BET) testing, was 12.4 m?/g. The acid neutralization time, assessed in accordance
with YB/T 4019—2020 23], was 1033 s. The chemical composition of the commercial RMC
was: MgO: 93.66%, SiO,: 3.28%, CaO: 1.62%, Fe;03: 0.59%, Al,O3: 0.30%, and SO;:
0.14%. For mortar formulation, river sand (~diameter: 1.30-2.36 mm) was used as fine

aggregate, with its grading curve shown in Fig. S1 (d) of supplement document.

Table 2 presents the mixture details of RMC-based mortar, with RMC-TC and commercial
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RMC used in the preparation. Initially, RMC and sand were combined, followed by gradual
water addition during mixing until a homogeneous mixture was achieved. The mortarfldidityo’:
was tested using the jumping table method as per standard 2. The fresh slurry was cast
into cubic molds measuring 13 mm x 13 mm x 13 mm (within the 10-20 mm size range in
the literatures [ 19 20I) compacted with a vibrating table, and leveled. The mold diameter
(~13 mm) was 5.5 times the maximum sand diameter (~2.36 mm), ensuring optimal
performance and strength of the mortars. Subsequently, all specimens underwent CO,
curing (CO, concentration: 20+2%; Relative humidity: 60+5%; Temperature: 2012 °C) [1829]
in an HTX-12X chamber (Donghua Examination Apparatus, China). After 1 d, specimens

were demolded and continued curing under carbonation conditions for up to 28 d.

2.3 Methodology

After completing the calcination process illustrated in section 2.1, the RMC powder was
stored in a sealed bag for subsequent physicochemical properties tests. Besides,
microstructural analysis of specimens was conducted on samples obtained at 3 days and
14 days, following established references ['7- 8. Paste segments extracted from the interior
region of the specimens after compression testing were utilized for the microstructural
analysis. These paste segments were immersed in ethanol for 3 days to arrest hydration [26],
followed by vacuum drying (~40 °C) for an additional 3 days. Post-drying, the specimens
were used for the nanoindentation test, and other specimens were ground to pass through

a 75 ym sieve for tests of XRD and TG.

2.3.1 Physical properties of commercial and synthetic RMC

The crystallite size, particle size, specific surface area, reactivity, and morphologies of RMC

were measured as follows:

(a) Crystallite size: X-ray diffraction (XRD) analysis was conducted using a Bruker D8
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Advance diffractometer, operating at 40 kV and 40 mA with Cu-Ka radiation. The scanning
range was from 5° to 90° 26, with a step size of 0.02°. The crystallite size of synthetic:RMCH.:

was calculated using the Scherrer formula 27-2°]1 as shown in Eq. (1):

Gy = L
pxCosf

(1)
where G,q is the crystallite size (nm); K is the Scherrer constant (0.89); A Is the X-ray
wavelength (0.1541 nm for Cu-Ka); B is the full width at half maxima (rad); and 0 is the

diffraction angle.

(b) Particle size: 50 mg RMC powder was sonicated in 20 mL anhydrous ethanol for 3
minutes, and then the particle size of RMC was investigated by laser diffraction method

using Beckman—Coulter LS 13320 laser particle analyzer.

(c) SSA: The SSA of RMC was obtained by Brunauer-Emmett-Teller (BET) method by using
Micromeritics ASAP 2020 HD88. Before the test, the powder was degassed at 150 °C for

10 hours. RMC reactivity was tested in line with YB/T 4019-2020 [30],

Published on 21 August 2025. Downloaded by Y unnan University on 8/23/2025 5:34:14 PM.

(d) Reactivity: At a 40 °C temperature and a 700 rpm magnetic stirring rate, 1.70 g RMC
was used to neutralize 200 mL citric acid solution (0.07 mol/L, containing 4 drops of
phenolphthalein indicator). The time (s) required for neutralization were measured. The two

parallel samples were tested for each group and the average value was recorded.

(e) Morphologies: Scanning electron microscopy (SEM) was used to observe the
morphologies of RMC. Before analysis, RMC samples were mounted on conductive
adhesives for observation using an SU 8010 SEM (Hitachi, Japan) at 15 kV and a working

distance of 9.5 mm.

2.3.2 Mechanical properties of RMC-based mortar
8
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The compressive strength of RMC-based mortar is a crucial indicator for evaluating material
performance, ensuring the safety of building structures, maintaining quality,contedl,. aud:.:
optimizing economic efficiency. Additionally, nanoindentation testing allows for analyzing
RMC-based mortar's performance variations at the microscale, providing insights into the
relationship between its internal microstructure and mechanical properties. This technique
can precisely target different areas within RMC-based mortar, especially the interfacial
transition zone (ITZ), thereby revealing the performance characteristics of the interface

region.

(a) Compressive strength: The compressive strength of the mortar was assessed using
an Al-7000M servo-controlled tensile testing machine at a loading rate of 0.5 mm/min ['],
Each group was tested in triplicate, and the results were reported as the average and

standard deviation.

(b) Elastic modulus and hardness: To determine the elastic modulus and hardness of the
mortar, nanoindentation was employed. Specimens were impregnated with a fast-hardening
epoxy solution in cylindrical molds (Diameter: 25 mm; Height: 50 mm). The demolded
specimens were then ground and polished using an Ecomet 250 grinder/polisher, following
the procedures outlined in the reference '8l Silicon carbide sandpaper with particle sizes of
180, 600, 1200, and 2000 was used for rough grinding, processing each group for 5 minutes.
Subsequently, the specimens were polished sequentially with 3, 1, and 0.25 ym diamond
spray polishing agents for 15 minutes each. The turntable and base rotational speeds were

maintained at 30 r/min, and a loading force of 5 N was applied.

The specimen's root mean square (RMS) roughness was measured using the NT9100
profiler, with the selected area size set at 63x47 ym. Additionally, five positions near the

interfacial transition zone (ITZ) were assessed in each group to calculate the average value.

9
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The average indentation depth (436 nm) was approximately four times the average RMS
roughness (104 nm), indicating that roughness effects on the measured properties werer.:

mitigated.

In the ITZ grid nanoindentation tests, an Agilent G200 nanoindentation tester was used with
a maximum load of 2 mN. The loading (t ), unloading (ty), and maximum load holding
durations (ty) were setat 10 s, 10 s, and 5 s, respectively. The horizontal and vertical spacing
between adjacent indentation points was 20 ym, covering a grid range of 100x180 pum.

Further details of the test procedure are outlined in our previous research [8l,

2.3.3 Hydration/carbonation degrees of RMC-based mortar

X-ray diffraction (XRD) and thermogravimetric-differential thermogravimetric analysis (TG-
DTG) were employed to measure the hydration and carbonation degrees of RMC-based

mortar.

For RMC-based mortar, the RIR method [l was employed for quantitative phase analysis

using a fluorite internal standard material of 20 wt% CaF,. The weight fractions of MgO and

Published on 21 August 2025. Downloaded by Y unnan University on 8/23/2025 5:34:14 PM.

Mg(OH) were calculated using the equation y = kx, where x represents the RIR of the phase
being analyzed (determined by dividing the integrated intensity of the phase's strongest line
by that of fluorite) 31, and y is the weight fraction of MgO or Mg(OH),. The k values are
0.2886 for MgO and 0.3651 for Mg(OH), 132, Each test was conducted twice, and the

average value was recorded.

The TG-DTG test was used to investigate the hydration and carbonation degree of RMC-

based mortar, using a TGA2 (Mettler Toledo Crop., Switzerland). The test involved heating

from 30 to 1000 °C at a 10 °C/min rate 133 with a nitrogen flow of 50 mL/min.

10
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2.3.4 Pore structure of RMC-based mortar

X-ray Computed Tomography (X-CT) analyses were performed using the Nikon XTH320 at

View Article Online
DOI: 10.1039/D5GC03502C

180 kV and 220 pA. Two thousand projections were collected from various angles as the
specimen rotated uniformly by 360°, with an exposure time of 0.5 seconds per projection.
CTPro and VGStudio software were then used to generate gray images and conduct pore
analysis, respectively, as described in reference 2. The grey value range method was
employed to distinguish the pore phase by identifying the lower grey values of the low-
density phase from the higher ones of the high-density phase. The resulting X-CT images

had a pixel resolution of 3.3 pm/pixel.

2.3.5 Correlation analysis

Correlation analysis is a statistical method employed to elucidate the relationships between
different parameters and quantify their degree of association. In this study, the Pearson
correlation coefficient was employed as the metric to evaluate these relationships. A greater
absolute value of the Pearson correlation coefficient indicates a stronger association
between the variables. The Pearson correlation coefficients in this research were calculated

using the statistical software packages Origin and SPSS.

2.3.6 Carbon footprint assessment

This section analyzes the carbon emissions of the wet synthesis route for RMC compared
to the conventional production process of commercial RMC, and extends the analysis to the
mortar level. The specific analytical methods are based on the ISO 14040 and 14044
standards, corresponding to the GB/T 24040 and 24044. The assessment was conducted
using the LCA software SimaPro 9.0, with details of system boundary, functional unit and
life cycle inventories of RMC through dry and wet routes were illustrated in Text S1 in

Supplementary documents.

1"
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3 Results and discussion
3.1 Physical properties of synthetic RMC

View Article Online

XRD, SEM, laser diffraction method, BET and citric acid neutralization method 01 {W&re’ tised’
to investigate the crystallite size, morphologies, SSA, particle size and reactivity,

respectively.

3.1.1 Crystallite size

The hexagonal structure of Mg(OH), transforms into the regular structure of MgO while
preserving the anionic planes of the substrate, meaning that the MgO crystallite size is
influenced by the substrate size [34. Additionally, the calcination parameters affect the MgO
crystallite size even with a constant substrate size. As shown in Fig. 2 (a) and (b), no brucite
was detected in any groups, indicating the complete decomposition of brucite into reactive
magnesia cement (RMC). Moreover, Rietveld refinement results revealed that all groups'
MgO content exceeded 91%. The peaks exhibited increased sharpness with higher
calcination temperatures, suggesting a tendency towards complete periclase lattice
formation ", Fig. 2 (c) and (d) further demonstrate a decrease in the full width at half
maximum (FWHM) and an increase in crystallite size (Gyq4) with elevated calcination

temperatures.

Published on 21 August 2025. Downloaded by Y unnan University on 8/23/2025 5:34:14 PM.

The calcination of Mg(OH), involves the release of H,0, resulting in MgO with a porous
structure. Increasing the calcination temperature beyond the decomposition point of
Mg(OH), leads to the sintering of MgO, reducing its porosity and increasing its crystallite
size 3%, When comparing S4-1 and S4-2 to S5-1 and S5-2, the crystallite size (G,q4) of the
latter increased by 19% and 30%, respectively. However, further increasing the calcination
temperature did not significantly raise G44. Meanwhile, for RMC-CC, the changes between
SS5.5-0.5, SS5-0.5, and SS5 were smaller than those between SS5 and SS4.5. This
indicates that 500 °C is a critical point, after which the rate of increase in G,,q decreases with

further temperature rise, consistent with the findings in reference 4.

12
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3.1.2 MOI'phOlOgieS View Article Online

DOI: 10.1039/D5GC03502C

Fig. 3 (a)-(f) illustrates the microscopic morphology of RMC-TC. During the calcination
process, internal moisture diffused outward, creating a mass transfer channel (Fig. 3 (i)).
Brucite became loose due to lattice distortion [36], a process requiring time. As shown in (Fig.
3 (a)-(b)), S4-1 and S4-2 exhibited high packing density and low porosity within the

specimen due to insufficient heat transfer [14],

As the calcination temperature increased, RMC particles gradually transformed from plate-
like to spherical shapes and became more dispersed ['4, resulting in decreased packing
density and enhanced RMC reactivity. Additionally, the morphology of RMC-CC is shown in
Fig. 3 (g)-(h). SS4 had an irregular plate-like structure, similar to S4-1 and S4-2. Meanwhile,
the over-calcined SS7-6 displayed significantly larger particle sizes (mostly 50-300 nm)

compared to all others (mostly 20-100 nm).

3.1.3 Specific surface area (SSA) and particle size
Fig. 4 (a) and (b) illustrate the SSA of RMC-TC and RMC-CC. For RMC-TC, 500 °C was

identified as the threshold temperature. When the calcination temperature was the same,
increasing the calcination time from 1 h to 2 h had a negligible effect on the SSA, ranging
from -8% to 6%. Additionally, compared to S4-1 and S4-2, S5-1 and S5-2 demonstrated a
more regular atomic arrangement in the MgO crystal lattice, resulting in decreased crystal
defects [¥71. Furthermore, these samples exhibited increased MgO grain size, leading to a

41% and 46% reduction in SSA compared to S4-1 and S4-2, respectively.

However, the SSA decreased only slightly as the calcination temperature increased further.
Specifically, the SSA of S6-1 and S6-2 decreased by only 6% and 3% compared to S5-1

and S5-2, respectively. For RMC-CC, the SSA of SS4 (~77.0 m?g) was the highest among

13
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all groups and was close to the highest SSA (~78.8 m?/g) reported by Dong et al. 3%,
indicating that a high-SSA RMC could be obtained through the complete calcination scheme.;.:
The most rapid decrease in SSA in the 400-550 °C range occurred at 450 °C, with SS450

exhibiting a 33% decrease in SSA compared to SS4.

The decrease in SSA of SS5-0.5 was slight compared to SS5. Due to the prolonged cooling
period (~1 day) of RMC-CC, there was sufficient time for heat transfer, rendering the
increase in holding time of 0.5 hours negligible in effect on SSA. SS7-6 exhibited the largest
crystallite size, highest crystallinity, and fewest defects [37- 381 thus indicating the smallest
SSA (~17.4 m?/g). Furthermore, comparing the properties of RMC-TC and RMC-CC, it is

evident that the complete calcination scheme can improve RMC SSA.

Fig. 4 (c) demonstrates the particle size distribution of RMC-TC. The strong van der Waals
forces between nanoscale RMC particles led to their agglomeration, resulting in particle size
at the micrometer level, significantly larger than the nanometer-level crystallite size Gxrd.
As shown in Fig. 4 (d), the D50 of RMC-TC first decreased and then increased with rising

calcination temperatures. S4-1 and S4-2 exhibited higher packing density, facilitating

Published on 21 August 2025. Downloaded by Y unnan University on 8/23/2025 5:34:14 PM.

particle aggregation and resulting in a larger D50 than S5-1 and S5-2. Conversely, the D50
of S6-1 and S6-2 was higher than that of S5 and S4 due to their advanced crystal
development. Additionally, the sintering phenomenon, where small particles converge into
larger ones, contributed to the larger D50. Fig. 4 (e) shows the macroscopic appearance of
SS7-6 with the highest sintering degree, where gaps left by moisture and heat transfer are

visible, and the powders adhered to each other.

3.1.4 Reactivity
Fig. 5 (a) depicts the acid neutralization time of RMC-TC. S5-1 exhibited the highest

reactivity as its acid neutralization time was the smallest. When the calcination temperature
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was the same, different calcination times (1 h or 2 h) had little effect on magnesia reactivity,
and the difference between each group was between 9-17%. Moreover, dug. to, the high, c
packing density and low porosity, S4-1 and S4-2 revealed a slower generation rate of Mg2*
and OH~ than S5-1 and S5-2, resulting in their longer acid neutralization time (see Section

3.6.1 for details).

Fig. 5 (b) presents the acid neutralization time of RMC-CC. The acid neutralization time
increased with increased calcination degree, indicating that a long cooling time facilitated
heat and moisture transfer. Compared to RMC-TC, RMC-CC exhibited a more regular atom
array in the MgO crystal lattice and decreased crystal defects, so they demonstrated lower

reactivity.

3.2 Mechanical properties of RMC-based mortars

Synthetic RMC and commercial RMC were used to prepare CO,-cured mortars, and their
mechanical properties were measured through compressive strength and nanoindentation

testing, as detailed in Section 2.2 for sample preparation and mix design.

3.2.1 Compressive strength

Fig. 6 (a) and (b) show the compressive strength of all CO,-cured mortars after up to 28
days. As shown in Fig. 6 (a), akin to the OPC system [39, the compressive strength of the
commercial RMC-based specimens increased as the w/c ratio decreased. C55 achieved the
highest compressive strength, with a 28-day strength 1.45 times greater than that of C65. A
comparable trend was observed in the synthetic RMC-based specimens, where S5-2-0.85
exhibited the highest compressive strength, while S5-2-1.25 showed the lowest. Additionally,
commercial RMC-based mortar demonstrated maximum compressive strength at 7 or 14
days, but excessive expansion of hydration and carbonation products at later stages % led

to crack formation and reduced strength (see the figure in the discussion section).
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Consequently, extending the curing time weakened the strength: the 28-day compressive
strength of C55, C60, and C65 decreased by 21.8%, 16.1%, and 16.3%,Jespectively, -c
compared to the 7-day strength. Hay !l reported a similar phenomenon that due to the
excessive carbonation caused by volume expansion, the compressive strength of RMC-
based material decreased by ~11.1% at 28 days compared to 14 days under 20% CO,

curing.

Fig. 6 (b) demonstrates the effectiveness of using synthetic RMC to enhance the
mechanical properties of RMC-based mortar. C55, S4-2-1.25, and S5-2-0.85 exhibited
similar working performance. S5-2-0.85 achieved the highest 28-day compressive strength
among all groups, which was 15% higher than that of C55. Furthermore, high-reactivity RMC
led to a higher degree of hydration and carbonation, resulting in a positive correlation
between compressive strength and RMC reactivity when the w/c ratio was kept constant

(w/c=1.25).

3.2.2 Elastic modulus and hardness

Fig. 7 and Fig. S2 illustrate the contour maps and frequency distributions of

Published on 21 August 2025. Downloaded by Y unnan University on 8/23/2025 5:34:14 PM.

moduli/hardness in the aggregates, interfacial transition zone (ITZ), and paste of S5-2-1.25,
S6-2-1.25, S5-2-0.85, and C55. The areas were divided into aggregates, ITZ, and paste
based on color differences in the contour maps. The ITZ width was approximately 30 pm,
consistent with reference 2. Additionally, the ITZ and paste of S6-2-1.25 exhibited a dark
blue color, indicating low elastic modulus and hardness. In the S6-2-1.25 group, 97.6% of
the elastic modulus values in the paste and ITZ were less than 30 MPa. In contrast, 83.3%
of the values in the S5-2-0.85 group were greater than 30 MPa, and 7.1% exceeded 60
MPa, indicating the formation of more high-density HMC. This trend was similarly reflected

in the hardness measurements.
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Table S2 and Fig. S3 provide detailed distributions of elastic modulus and hardness along
the X-axis, along with the values for each phase in $5-2-1.25, S6-2-1.25, S5:2;0,85, and’:
C55. S5-2-0.85 and S6-2-1.25 exhibited the highest and lowest elastic modulus and

hardness in the paste and ITZ, respectively, aligning with their overall mechanical properties.

Previous studies reported that the elastic modulus of ITZ was smaller than that of the paste
in air-cured OPC mortar with a w/c ratio of 0.53 2. Furthermore, compared to air curing,
CO, curing enhances ITZ performance as CO2 diffuses along the ITZ '8 |eading to
substantial HMC formation in the ITZ. Therefore, despite the higher w/c ratios in our study
(0.55-1.25 vs. 0.53), the elastic modulus and hardness of the ITZ were close to or even

exceeded that of the paste [42],

3.3 Hydration/carbonation degrees of RMC-based mortars

The measurement of hydration and carbonation degrees in RMC-based mortar can reflect

its strength development.

Fig. 8 illustrates the XRD patterns of all groups after 3 and 14 days of CO, curing. Compared
to the commercial RMC-based specimens, the synthetic RMC-based specimens exhibited
more intense brucite peaks and weaker periclase peaks, indicating a faster hydration rate
for the synthetic RMC. Additionally, the quartz peaks present in all groups originated from
sand, and the magnesite peaks were from the commercial RMC material. Furthermore, due
to the preferential formation of nesquehonite in high-concentration CO, environments 3],
only nesquehonite was observed, rather than hydromagnesite and dypingite. The formation
of nesquehonite is also influenced by pH levels and the presence of HCO3 44, as detailed

in the discussion section.

Table S3 shows the unhydrated MgO and uncarbonated brucite contents in all groups,
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obtained through RIR. The MgO content decreases in all groups from 3 to 14 days due to
increased hydration. High-reactivity RMC demonstrated a faster hydration rate and iower;.:
MgO content. Specifically, the high-reactivity S5-1-1.25 and S5-2-1.25 exhibited the lowest
MgO content, and the synthetic RMC-based groups showed a smaller MgO content than the

low-reactivity commercial RMC-based groups.

Fig. 9 illustrates the TG-DTG curves of all specimens at 3 and 14 days. The three main

phase decomposition stages are listed below 2I:

50-300 °C: Dehydration of water bonded to HMCs (e.g., nesquehonite, hydromagnesite and

dypingite).

300-500 °C: Dehydroxylation of HMCs (e.g., hydromagnesite and dypingite), decarbonation

of HMCs (e.g., nesquehonite) and decomposition of uncarbonated brucite.

500-900 °C: Decarbonation of HMCs (e.g., nesquehonite, magnesite, hydromagnesite and

dypingite).

Published on 21 August 2025. Downloaded by Y unnan University on 8/23/2025 5:34:14 PM.

The mass loss across three temperature ranges is shown in Table 3. The synthetic RMC-
based group exhibited average mass loss increases of 4.5%, 5.5%, and 0.9% at 50-300 °C,
300-500 °C, and 500-900 °C, respectively, over 3 to 14 days. In contrast, the commercial
RMC-based group showed negligible mass loss growth in these temperature ranges due to
its significantly lower reactivity compared to the synthetic counterparts. This result aligns
with the RIR findings, which indicated higher brucite and HMC content in the synthetic RMC-

based group compared to the commercial one.
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3.4 Pore structure of RMC-based mortars

The pore structure of mortar significantly impacts its mechanical properties and durability

iew Article
DOI: 10.1039/D5GC03502C

431, Fig. 10 presents the 2D X-ray computed tomography (X-CT) images of selected groups
at 14 days. Aggregates in concrete mitigate the expansion effects of cement, but this
constraint is less effective in mortar due to the absence of aggregates. Consequently,
excessive expansion of brucite and HMC caused cracks in the S4-2-1.25 and S5-2-1.25

groups (red circles in Fig. 10 (a)-(f)).

The random stacking and hydrogen bonding of brucite 8] resulted in a poorly connected
network structure with widely distributed pores throughout S6-2-1.25. Additionally,
numerous pores were observed at the interfacial transition zone (ITZ) (yellow circles in Fig.
10 (g)-(i) and (m)), which weakened the bonding force between the fine aggregate and the
paste, leading to stress concentration under load and resulting in the worst mechanical
performance for S6-2-1.25. Furthermore, a paste layer (yellow rectangle) was found at the
upper part of S6-2-1.25, formed by surplus slurry containing small sand particles that floated
to the surface. In contrast, due to the low water-to-cement ratio (w/c), S5-2-0.85 and C55

exhibited dense structures with some trapped pores (blue circles in Fig. 10 (m)-(0)).

Fig. 11 (a)-(e) shows the 3D X-CT images of the selected groups at 14 days. The
macropores in S4-2-1.25, S5-2-1.25, and S6-2-1.25 were interconnected and extended from
the surface to the interior, providing pathways for CO, diffusion and further carbonation of
the specimens. In contrast, the pores in S5-2-0.85 and C55 were mainly trapped pores.
Larger pores lead to stress concentration and decreased concrete strength. As depicted in
Fig. 11 (f), the order of mortar mechanical properties aligns with the pore structure
parameters: the 28-day compressive strength was highest in S5-2-0.85 and lowest in S6-2-

1.25.
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3.5 Carbon footprint

The carbon emission equivalent for commercial RMC and wet synthesis RMC is shown in

View Article Online
DOI: 10.1039/D5GC03502C

Fig. 11 (g). The carbon emissions for commercial RMC are 1.53 kg CO, eq, which is similar
to the average value reported in the literature ['l. In contrast, the carbon emissions from the
wet synthesis process of RMC are higher, 15.0% greater than those of commercial RMC.
The higher carbon emissions are mainly attributed to the production of the alkaline source
CaO, which is used to precipitate Mg(OH), from waste brine solutions. The production of
CaO involves the calcination of CaCOgs, which generates a significant amount of CO,,
leading to a high carbon footprint. This process emits ten times more CO, than the
calcination of Mg(OH), and other subsequent treatments. However, the RMC synthesized
using the parameters in this study results in a carbon emission equivalent that is 18.9%
lower than the wet synthesis carbon emission equivalents reported in other literature (1.76

kg CO, eq vs. 2.17 kg CO, eq) Il

Since the production of CaO is the primary contributor to the significant carbon footprint of
wet-synthesized RMC, the total CO, emissions can be further reduced from RMC production

by using alternative alkaline sources [#71. This approach is not only more sustainable but also
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more cost-effective. Additionally, a large volume of brine is required because the
concentration of Mg?* ions in the brine used in this study is relatively low. In the future, the
concentration of Mg?* ions in the brine could be increased through green energy methods
such as solar evaporation, which would reduce the amount of brine required per cycle and
indirectly decrease CO, emissions from subsequent processes like washing and

centrifugation.

When assessing the net CO, emissions of RMC-based binders, an important aspect is the
amount of CO, that can be absorbed during the use phase of their concrete products.

Specifically, the net CO, emissions should be calculated. The RMC produced through the
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wet process has higher purity and reactivity than RMC produced by the calcination of
magnesite 8. Most existing literature studies typically stop at comparing, the.cathon;,:
emissions of RMC cement produced through two different methods, without considering the
subsequent CO, capture in concrete. This study expands on this by extending the analysis
to mortar-based applications and recalculating the net CO, emission equivalent, as detailed

in the discussion.

3.6 Discussion
3.6.1 Key factors Influencing the reactivity of RMC

(a) Statistical analysis of reactivity versus SSA of RMC

Fig. 12 (a) illustrates the fitting curve between the acid neutralization time and SSA of RMC-
CC. A higher SSA indicates more surface sites are available for interaction with water,
leading to increased Mg?* dissolution and subsequent formation of magnesium hydroxide
18], Consequently, there is a strong correlation between the RMC neutralization time and

SSA, with an R2 value of 0.91.

In contrast, Fig. 12 (b) and (c) show the fitting curves of RMC'’s acid neutralization time and
SSA from references ['2 14, Researchers ['2 used a maximum calcination temperature and
duration of 700 °C for 12 hours, respectively, resulting in RMC with a lower SSA (<10 m#q)
and poorer reactivity (>2200 s). As shown in Fig. 12 (b), when the SSA is < 15 m?g, the
acid neutralization time increases rapidly with decreasing SSA. This led to the fitting
functions in the two studies being represented by an inverse proportional function (Fig. 12
(b)) and an exponential function (Fig. 12 (c)), respectively. It should be noted that compared
to references ['21 and ['4, the effective high-temperature calcination time (> 400 °C) for RMC-
CC in this study is shorter, resulting in a higher SSA (mostly >20 m#qg) and better RMC
reactivity. Consequently, the fitting function for this study is linear, differing from those in

references (121 and 4],
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Fig. 12 (d) shows scatter plots of acid neutralization time versus SSA for RMC- TG, THe -
poor-fitting relationship observed is due to the fact that high-SSA RMC-TC samples, such
as S4-1 and S4-2, exhibited longer acid neutralization times compared to S5-1 and S5-2.
Nonetheless, as mentioned earlier, a good-fitting relationship between acid neutralization
time and SSA was observed when RMC was fully calcined. Therefore, it can be predicted
that data points for calcination temperatures between 500-600 °C and durations of 1-2 hours

will be located near the red dashed line (ideal fitting line).

(b) Crystal phase transformation during calcination of brucite

RMC reactivity is not only related to particle size, but also to phase transition ['4 4%-511 The
thermal decomposition process of Mg(OH), is illustrated in Fig. 13 (a). During the thermal
decomposition, partial dehydroxylation occurred between the layers of Mg(OH),, forming
MgxOy(OH)ax-2y, @s shown in Eq. (5) [49l. As the temperature increases or calcination time is
prolonged, dehydroxylation proceeds until it is complete, leading to the formation of MgO
crystals. At low temperatures and short calcination durations, the dominant exposed plane

in the resulting MgO is the (111) plane. This plane is highly unstable due to its low atomic
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density, which correlates with higher reactivity. At this stage, MgO crystallizes in a hexagonal
system (space group P6smc (186)). With further heat treatment, the (111) plane transitions
into the (100), (010), and (001) planes. The flake-like crystals subsequently transform into
MgO with a stable polyhedral cubic crystal structure (space group Fm-3m (225)), leading to
a reduction in the specific surface area (SSA) of the crystal particles 50 511,
XMg(OH)2—MgxOy(OH)2x.2y+yH20 (5)
Rietveld whole-pattern fitting refinement was performed on the XRD data of S4-2, S5-2, and
S6-2, with the results shown in Fig. 13 (b). S4-2 exhibited the highest proportion of MgO
(P6smc (186)), which correlated with its largest specific surface area (SSA) among the three

groups. As the temperature increased, the unstable, highly reactive layered MgO crystals
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gradually transformed into stable cubic structures. Consequently, S6-2 was composed
almost entirely of cubic MgO. DOL 10,1036 DeC 052050
As shown in Fig. 13 (c), the MgO crystallites grew progressively larger as the calcination
temperature increased. At 400°C, although the obtained RMC retained more layered
structures, its intergranular porosity was relatively low. During calcination at 500°C, Mg(OH),
dehydroxylation proceeded more rapidly, leading to the formation of larger crystallites. The
rapid dehydroxylation process also resulted in increased intergranular porosity, allowing the
reactant solution to access more active sites within the MgO powder. At 600°C, the high
temperature facilitated the rapid formation of MgO crystals, which became more structurally

regular, thereby reducing both SSA and intergranular porosity.

3.6.2 Key factors Influencing the strength of RMC-based specimens

Considering the above, it is necessary to discuss the correlation between the mechanical
strength of RMC-based mortar and various influencing factors: material-level (RMC
reactivity) and specimen-level (ITZ characteristics, porosity, and hydration/carbonation
degree). The degree of hydration/carbonation was represented by the unhydrated MgO
content and the weight loss during the 300-500 °C range in the TG test ['7l. Additionally,
given the limited increase in hydration/carbonation degree and strength development from

14 to 28 days ['7- 18], the microscopic test results at 14 d were selected for analysis.

(a) Material-level properties

When the water-to-cement ratio (w/c) was kept constant at 1.25, the 28-day compressive
strength of the synthetic RMC-based mortar exhibited a strong correlation with RMC
reactivity (reciprocal of acid neutralization time), with an R2 value of 0.91 (Fig. 14 (a)). The
high-reactivity RMC group demonstrated a greater degree of hydration and carbonation,

resulting in more carbonation products (HMCs) that reduced porosity and improved the ITZ
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characteristics of the mortar, thereby enhancing its mechanical properties, consistent with
the findings of Mi et al 52, Mi et. al %2 also observed that under air-curing conditions;-Highs:5:
activity RMC-based mortars rapidly formed expansion products (such as brucite), which led
to crack formation and subsequent deterioration of strength. Consequently, air-cured RMC-
based samples showed a negative correlation between compressive strength and RMC

reactivity.

(b) Specimen-level properties

Fig. 14 (b)-(d) illustrates that the 28-day compressive strength of the specimens shows a
significant correlation with specimen porosity and the modulus/hardness of the ITZ. Lower
specimen porosity decreases the likelihood of pore evolution into large cracks under stress
concentration. Additionally, a higher elastic modulus and hardness of the ITZ result in slower
crack development at the ITZ under the same loading conditions, leading to a more gradual
decline in specimen stiffness. Thus, reduced porosity and enhanced ITZ characteristics both

contribute to improved mechanical properties of the specimens.

When the w/c was constant at 1.25, the correlation coefficient (R?) between the 28-day
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compressive strength and the hydration/carbonation degree was higher than the R? values
at different w/c ratios (0.85, 1.05, and 1.25). Since the latter correlations were not statistically
significant at the 0.05 level, Fig. 14 (e) and (f) only present the fitting results for the constant
w/c ratio. Additionally, at a constant w/c of 1.25, a lower unhydrated MgO content allowed
for more carbonation of hydration products, resulting in greater HMC formation.
Consequently, specimen porosity decreased, and the modulus/hardness of the ITZ was

strengthened, leading to increased compressive strength [18 53],

However, when w/c ratios varied (0.85, 1.05 and 1.25), an increased w/c promoted hydration

and carbonation reactions, reducing the unhydrated MgO content. Additionally, a high w/c
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resulted in a thicker coating of water, which expanded the interspaces among cement
particles and left coarser capillary pores after being filled by hydration prodygts, ,HIGhS&/E55:
also increased porosity and ITZ width while reducing the elastic modulus of the paste and
ITZ 42, Therefore, the strength was influenced by multiple factors when wi/c ratios varied,

significantly weakening its correlation with the hydration/carbonation degree.

(c) Pairwise relationships between properties of material- and specimen-level

In addition to analyzing the correlation between strength and various factors, it is also
necessary to examine the pairwise relationships between material properties, specimen
mechanical properties, and hydration/carbonation degrees. Table 4 demonstrates the
correlation coefficients between six factors in synthetic RMC-based mortar with the same
w/c ratio. Although the 14-day and 28-day compressive strengths of CO,-cured RMC-based
mortars showed a significant correlation with RMC reactivity, they had no significant
correlation with SSA (p > 0.05). This is because high-SSA S4-1 and S4-2 exhibited lower
reactivity than S5-1 and S5-2, resulting in limited strength improvement in S4-1-1.25 and
S4-2-1.25. Additionally, the carbonation degree was positively correlated with the hydration
degree. When the w/c ratio is constant, higher RMC reactivity leads to more hydration
products available for carbonation, thereby improving the carbonation degree and
enhancing the mortar's strength. This explains the significant correlation between strength

and the degrees of hydration and carbonation.

When expanding the data range to include groups with low-activity commercial RMC and
different w/c ratios, the pairwise correlation coefficients between six factors in RMC-based
mortar are shown in Table 5. In RMC-based mortar, the 28-day strength exhibited a strong
correlation with the 14-day strength, as did the carbonation degree with the hydration degree.
(Fig. 15 (a)). However, the strength is no longer significantly correlated with the degree of

hydration/carbonation. Conversely, as high-SSA synthetic RMC and low-SSA commercial
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RMC exhibit high and low hydration/carbonization degrees, respectively, the correlation

between the degree of hydration/carbonization and SSA is enhanced (Fig. 15(b) ant(€)).-5>-

3.6.3 Carbonation degrees versus mineral phases/net carbon footprint of RMC-
based specimens

(a) Carbonation degrees versus mineral phases

Nesquehonite was preferentially generated in low pH environments rich in HCO5; 141,
According to XRD and TG-DTG results, synthetic RMC-based mortars exhibited a higher
degree of carbonation and consequently a lower pH environment compared to commercial
RMC-based mortars. In this low pH environment, many carbonate ions exist in the form of
COs%, and the presence of more HCO; facilitated the formation of nesquehonite 41,
Therefore, only nesquehonite was observed in synthetic RMC-based mortars, rather than
hydromagnesite or dypingite. Additionally, nesquehonite peaks were significantly more
pronounced in synthetic RMC-based mortars than in commercial RMC-based mortars.
Furthermore, compared to concrete, mortar lacks coarse aggregates, which hinders CO,
diffusion 4, and contains more RMC, indicating a greater degree of carbonation than

concrete [2,
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(b) Carbonation degrees versus net carbon footprint

The optimal compressive strength group for commercial RMC/synthetic RMC is selected as
C55/S5-2-0.85. A 1-ton mortar model is established for each, considering the CO,
absorption during mixing, demolding, and accelerated carbonation curing. The net carbon
emissions of the two mortar groups are calculated, with the mixture of 1-ton mortar provided

in Table S4 in supplement document.

Existing literature indicates that the carbon sequestration capacity of RMC varies due to

factors such as CO, concentration, pressure, and carbonation time. For example, under flue
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gas treatment at 120°C and 0.4 MPa, the carbon sequestration rate of RMC is 20 g CO, per
100 g of sample 1% %61, The carbon sequestration rate of the two mortar samples prépared:’:
in the laboratory was calculated and scaled up to 1 ton of mortar. A model was established

to calculate the net CO, emissions for the production of 1 ton of mortar (Fig. 16).

In this experiment, the carbonation curing environment of the samples has not yet reached
optimal parameters. As a result, the carbon emissions for the synthetic MgO-based mortar
group are slightly higher than those for the commercial RMC-based mortar group. Due to
the different water-to-binder ratios used in the mortars, the CO, intensity data is provided to
more clearly link the compressive strength with carbon emissions for both groups. As shown
in Fig. 16, the CO, emissions per MPa for the synthetic MgO-based mortar were 19.7%
lower than those for the commercial RMC-based mortar. Moreover, the theoretical CO,
absorption capacity of synthetic MgO can reach approximately 110% 29, It indicated that
the net carbon emissions and carbon intensity of synthetic MgO-based mortar could be
further reduced by using additives, adjusting mix proportions and optimizing curing

conditions 2 %61 thus highlighting its advantages over dry-route RMC-based mortar.

4 Conclusions

This study investigated the production and application of RMC extracted from bischofite via
the wet route, involving two calcination schemes: timed calcination and complete calcination.
The physicochemical properties of synthetic RMC were analyzed. Mortar samples were
prepared using synthetic RMC obtained by timed calcination and subjected to 28 days of
CO; curing, and compared to those involving commercial RMC (produced via the dry route).
The phase composition, pore structure, and ITZ characteristics were examined, leading to

several key findings:

(1) For synthetic RMC obtained by complete calcination, a robust correlation between acid
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neutralization time and SSA was observed (R? =0.91). As calcination temperature increased,
the MgO lattice became more complete, grain size (Gxrp) increased, SSA degreased, andy’:
acid neutralization time increased. RMC obtained by calcining brucite at 500°C for 1 or 2

hours exhibited the highest reactivity among all groups.

(2) The mechanical properties of mortars improved with a decreased w/c ratio, reflected in
the strength order of both commercial and synthetic RMC-based mortars. Due to the smaller
particle size and higher SSA of synthetic RMC, its hydration and carbonation rates were

significantly faster than those of commercial RMC.

(3) Compared to commercial RMC, the use of high-activity synthetic RMC improved the
mechanical properties of CO,-cured mortars. At a constant w/c ratio, high-reactivity RMC
showed higher hydration and carbonation rates, resulting in a denser pore structure and
improved ITZ performance. Thus, the 28-day compressive strength of synthetic RMC-based
mortar was closely associated with RMC reactivity, ITZ elastic modulus/hardness, porosity,
and unhydrated MgO content. These relationships could allow for the accurate prediction

and precise control of RMC-based mortar performance at both material and specimen levels.
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(4) RMC synthesized in this study exhibited an equivalent carbon emission 18.9% lower
than those reported in the literature. Besides, when the carbon sequestration potential of
RMC was considered, the carbon emissions for the synthetic RMC-based mortars were
lower than those for the commercial RMC-based samples. CO, intensity data further showed
that synthetic RMC-based mortars emitted 19.7% less CO, per MPa compared to

commercial RMC-based samples.

Further research is required to enhance the production and purity of MgO in the wet process

through process optimization. Additionally, an improved calcination method should be
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established to utilize heat from the cooling stage while mitigating the adverse effects of

prolonged insulation time on RMC reactivity. DO 10,1030 bt 032006
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List of Tables
Table 1 Details of timed and complete calcination. Vs Aete O
e (0
Synthetic The maximum The maximum
Calcination Cooling time
RMC Group temperature temperature
regime (d)
category (°C) duration (h)

S4-1 400 1 0

S4-2 400 2 0
2 :
< Timed S5-1 500 1 0
& RMC-TC
g calcination S5-2 500 2 0
2
@ S6-1 600 1 0
>
‘D
. S6-2 600 2 0
5
= sS4 400 0 1
N
oy
3 SS4.5 450 0 1
K
=}
§ Complete SS5 500 0 1
g RMC-CC
S calcination $S5-0.5 500 0.5 1
= $S5.5-0.5 550 05 1
g
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£
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Table 2 Mixture formulations of RMC-based mortar specimens.

View Article Online
DOI: 10.1039/D5GC03502C

RMC/sand
Group RMC wl/c
ratio
C55 0.55
Commercial
C60 2:3 0.60
RMC

C65 0.66
S$4-1-1.25
$4-2-1.25
$5-1-1.25

Synthetic RMC 2:3 1.25
$§5-2-1.25
$6-1-1.25
S$6-2-1.25

$5-2-1.05 1.05

Synthetic RMC 2:3
$5-2-0.85 0.85
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Table 3 Mass loss of specimens at 3 d and 14 d obtained by TG-DTG (wt.%).

50-300 °C 300-500 °C 500-900 3G 10 1050/050¢ 05205
Group

3d 14 d 3d 14 d 3d 14 d

S4-1-1.25 945 15.04 18.42  25.29 2.06 2.92
S4-2-1.25 8.07 14.00 17.49 2433 2.11 3.23
§5-1-1.25  9.32 15.68  20.63  27.13 1.92 3.19
§5-2-1.25 8.95 15.18 18.06  24.85 2.14 3.32
S6-1-1.25  6.32 8.35 18.08  22.23 2.03 3.01
S6-2-1.25 5.86 9.32 17.38  20.15 1.91 2.26
§5-2-1.05 7.43 12.56 17.21 23.71 2.00 3.02
§5-2-0.85 8.17 9.88 17.65  22.48 1.96 3.34
C55 4.89 5.45 8.28 8.61 1.77 1.82
C60 5.62 6.13 9.58 9.68 2.22 2.34

C65 6.63 6.76 10.39 10.47 1.85 2.27
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Table 4 Pearson correlation coefficient between 6 factors in synthetic RMC-based mortar with the same w/c ratio.

RMC properties

Mechanical properties

Hydration degree

Carbonation degree

SSA(mig) | 14dr.(Pa) | 28ar.(ape) |14dMg0 content wie) (A MaightIoss (s
0.084 0.876" 0.932" -0.817" 0.933"
SSA (m2/g) 1 0.494 0.288 -0.379 0.326
_ 1 0.965" -0.925" 0.941"
28 d . (MPa) 1 -0.915" 0.915'
1 -0.921"

1

Note: (1) ** and * represent significance levels, p < 0.05 and p < 0.01, respectively; (2) Weight loss is the weight difference of 300-500 °C in TG-

DTG curves.

Table 5 Pearson correlation coefficient between 6 factors in synthetic/commercial RMC-based mortars with different w/c ratios.

RMC properties

Mechanical properties

Hydration degree

Carbonation degree

SSA(meig) | 14dr.MPa) | 23dr.(Pa) | 14dMgO contont(vi%) |[HAdWeighticss (%) |
0.583 0.129 0.111 -0.835" 0.877"
SSA (m2/g) 1 -0.310 -0.399 -0.784" 0.810"
_ 1 0.989" 0.328 -0.303
28 d . (MPa) 1 0.362 -0.343
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1 -0.981"

1

Note: (1) ** and * represent significance levels, p < 0.05 and p < 0.01, respectively; (2) Weight loss is the weight difference of 300-500 °C in TG-

DTG curves.
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Fig. 1 (a) Diagram showing the preparation of synthetic RMC and mortars and

(b) Calcination temperature curve of S4-1 and SS5-0.5 over time.
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Fig. 2 (a)-(b) XRD patterns, (c)-(d) FWHM and G4 of RMC-TC and MC-CC.
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Fig. 3 Microscopic morphologies of (a)-(f) RMC-TC and (g)-(h) RMC-CC; (i)
schematic diagram of moisture diffusion during the brucite calcination

process.
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Fig. 4 SSA of (a) RMC-TC and (b) RMC-CC, (c) particle size distribution and

(d) median particle size D5y of RMC-TC, (e) sintering phenomenon observed

in SS7-6.
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Fig. 5 Acid neutralization time of (a) RMC-TC and (b) RMC-CC.
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Fig. 8 XRD patterns of all groups after being CO,-cured for (a) 3 d and (b) 14
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Fig. 10 2D X-CT images of selected groups after being CO,-cured for 14 d.
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Fig. 16 CO, emissions and CO, intensity associated with the production of
1 ton of commercial (C55) and synthetic (S5-2-0.85) RMC-based mortar.
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