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1. Experimental procedure
1.1. Reactivity evaluation for hydration reaction by using thermobalance

The reactivities of all the samples were determined using a thermobalance (TGD-9600 series,
ADVANCE RIKO, Inc.). The samples (20 mg) were charged into a Pt cell. The mole fraction of
Mg(OH), was calculated based on the data obtained using the thermogravimetric (TG) analysis
technique. A thermobalance was used during the process.[1-6]

The mole fraction was determined as follows:
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where wj,; represents the initial weight (the weight of Mg(OH), at 200 °C; [mg]), wg, denotes the
weight of Mg(OH), that reacted (theoretical reaction; the weight of MgO; [mg]), w denotes the
weight of Mg(OH), in the sample during the reaction (mg), Myigomy 1s the molecular weight of
Mg(OH), [g mol™'], My,0o is the molecular weight of MgO [g mol '], and x denotes the mole
fraction of Mg(OH); [-]. We assumed that the added LiCIl and LiOH were unreactive. The weights
of LiCl and LiOH in the sample were subtracted from the total sample weight. [1-4,6]

Figure S1 shows the dehydration and hydration reaction profiles of Mg(OH),-W. x [-] denotes
the mole fraction of Mg(OH), and was determined immediately before the sample was hydrated,
Xy [-] denotes the mole fraction of the sample and the value was calculated immediately after
hydration, and x. [-] denotes the mole fraction of the sample determined 10 min after the
completion of the hydration process. Axy, Ax;, and Ax; [%] represent the extent of dehydration
reaction conversion, hydration reaction conversion, and conversion change (physically adsorbed
water), respectively (expressed as percentages) (Figure S1). These values are calculated as
follows:

Ax,; = (1- x,) X100 (3)
Axl = (xc— XO) x 100 (4)
sz = (xh - xc) X 100' (5)

The temperature dependence of the hydration process (MgO hydration) was determined. 7,
was varied (110, 170, and 200 °C). Dehydration temperature (74) was set at 350 °C and the water
vapor pressure was 57.8 or 31.2 kPa.

The non-zero mole fraction post dehydration can be potentially attributed to the presence of
structural water. [7-9] The mole fraction (hydrated MgO) defined in this study denotes the net
hydration conversion. The hydration behavior was studied (Figure S2 and Eq. (6)). The mole
fraction was determined as follows:

; (6)

Xpyq = X = Axg

where xhyq [-] denotes the net change in the mole fraction due to hydration and Ax, denotes the
mole fraction of structural water.

2. Results

Figure S3 shows the Fourier transform-infrared (FT-IR) spectral profiles of L10. The spectrum
of the as-prepared sample was recorded at room temperature (r. t.) in air. Following this, the sample
was stored in the IR cell at r. t. in air. The storage time was varied as 10 min, 30 min, and 1 h,



following which the spectra were recorded. L10 was the sample of choice to study the effect of
water as LiCl exhibited the property of deliquescence (in air). The intensities of the peaks at 3700,
3395, and 1634 cm™!, which were assigned to the hydroxyl groups present on the surface of
Mg(OH),, von, and 6 modes of H,O molecules adsorbed on the Mg(OH), surface,[10] respectively,
did not change significantly when they were exposed to air atr. t. for a period of 10-60 min (Figure
S3). Thus, the water vapor present in the air barely influenced the FT-IR spectral profiles. The
absorption band at 2359 c¢cm™' was assigned to CO, in the gas phase (Figure S3).[10] The
absorption bands at 1523 and 1446 cm™! could be ascribed to the COs%> and/or HCO?™ species
produced when CO, was adsorbed on the surface of MgO.[10,11] It was observed that the
intensities of these bands did not change significantly. Diffraction patterns corresponding to
carbonate species were not observed in the X-ray diffraction (XRD) patterns of the samples. It was
observed that a small amount of carbonate was adsorbed on the sample surface. Fresh Mg(OH),
was exposed to a flow of CO, (flow rate: 100 mL-min~!; 24 h) at r. t. (referred to as CO,-exposed
Mg(OH),) to investigate the effect of CO, capture on the sample properties. A TACI1000SE
thermobalance (Netzsch Japan, Inc., Japan) was used to conduct the experiments. Figure S4 shows
the hydration properties of fresh de-Mg(OH),-W and CO;-exposed de-Mg(OH),. Both samples
were dehydrated at 350 °C (time: 30 min) and then hydrated at 110 °C under an atmosphere of
water vapor and Ar gas (mixture; 57.8 kPa; 80 min). The hydration properties of the samples were
not significantly different from each other. These results revealed that the major constituent of the
sample was MgO. It was also observed that surface carbonation did not influence the hydration
behavior of MgO.

Figures S5-S7 show the hydration behaviors of de-Mg(OH),, de-L10, de-LO20, and de-
L10/LO10 at 110, 170, and 200 °C under (Pyp0: 57.8 kPa). Analyses of the data presented in the
figures reveal that the addition of Li compounds promotes the hydration of MgO. The co-addition
of LiCl and LiOH enhanced the reactivity at 200 °C. The data presented in Figures S5-S7 were
used to prepare Figure S8. The conversions of Ax; and Ax, were calculated using Egs. (4) and (5),
respectively.

Figure S9 shows the FT-IR spectral profile of de-MgO-W (before the hydration reaction at
110, 170, and 200 °C). Two absorption bands at 3710 and 3691 cm™! and a shoulder band at 3756
cm ! were observed in this figure. These characteristic peaks were observed in the spectral profile
of de-LO20 (before hydration; black lines in Figures 7-9 (¢)). The results indicated that the surface
state of de-LO20 was similar to that of MgO.

Figure S10 shows the FT-IR spectra recorded for Mg(OH),-W. [12—17] This peak assignment
was the same as that in our previous study.[12] This figure was revised (Figure 10; main
manuscript).

Figure S11 shows the hydration behavior of the de-Mg(OH),-W, de-L10, de-LO20, and de-
L10/LO10 at 110 °C (Ppa0: 31.2 kPa). Initially, the mole fraction of Mg(OH), (present in de-L10
and de-L10/LO10) increased rapidly. The increase could be attributed to the adsorption of water
by LiCl. Under these conditions, the hydration of LiCl did not positively affect the hydration of
MgO because the mole fraction of de-L10 (determined after an 80 min-long hydration process)
was lower than the mole fraction of de-Mg(OH),-W.

Figure S12 shows the hydration behaviors of LIOH/MgO and de-Mg(OH),-W at 200 °C. This
figure shows that the hydration reactivity of LIOH/MgO increases with an increase in the amount



of LiOH. The data on hydration conversion (determined by analyzing the data presented here) has
been presented in Table S1. A limited number of Mg?* ion sites could be substituted by Li* ions
(Figure S13) because the peak at 3564 cm™! (corresponding to LiOH-H,0) could not be detected
in the spectra recorded with the impregnated LO20 sample. The results revealed that the hydration
reactivity of MgO was influenced by the concentration of OH™ ions.

Figure S14 shows the FT-IR spectra recorded for hydrated de-MgO-W. The sample was
hydrated at a temperature of 110 °C (Pyp0: 31.2 kPa).
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Figure S1. Dehydration and hydration reaction profiles of Mg(OH),-W (73 =350 °C, T;,= 110 °C,
PH2O =57.8 kPa)
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Figure S2. Hydration reaction profile of de-Mg(OH),-W studied at a temperature of 110 °C
(Mg(OH),-W was dehydrated at 350 °C, following which it was hydrated at 110 °C (Py0: 57.8
kPa)).
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Figure S3. FT-IR spectral profile recorded for L10 (a) as-synthesized. The sample was stored in
an IR cell atr. t. for (b) 10 min, (c) 30 min, and (d) 1 h. All the spectra were recorded under ambient
conditions (in the air at r. t.), as described in the manuscript.



OH),, Xpyg [

& ==

(@] (o] ~
1 1 |

on

=

w
1

S0.2 -

o)

o

—_—
|

:Fresh de-Mg(OH),
——:CO,-exposed de-Mg(OH),

0 1000 2000 3000 4000 5000 6000 7000
Hydration time, t;, [S]

Figure S4. TG curves recorded for fresh de-Mg(OH), and CO;-exposed de-Mg(OH),. Fresh
Mg(OH), and CO;-exposed Mg(OH), samples were dehydrated at a temperature of 350 °C,
following which they were hydrated at 110 °C (Pyp0: 57.8 kPa).
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Figure S5. Hydration behavior of (a) de-Mg(OH),-W, (b) de-L10, (c) de-LO20, and (d) de-
L10/LO10 studied at 110 °C. Mg(OH),-W, L10, LO20, and L10/LO10 were dehydrated at 350 °C,
following which they were hydrated at 110 °C (Pp0:57.8 kPa).
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Figure S6. Hydration behavior of (a) de-Mg(OH),-W, (b) de-L10, (c) de-LO20, and (d) de-
L10/LO10 studied at 170 °C. Mg(OH),-W, L10, LO20, and L10/LO10 were dehydrated at 350 °C,
following which they were hydrated at 170 °C (Pypo: 57.8 kPa).
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Figure S7. Hydration behavior of (a) de-Mg(OH),-W, (b) de-L10, (c) de-LO20, and (d) de-
L10/LO10 studied at a temperature of 200 °C. Mg(OH),-W, L10, LO20, and L10/LO10 were
dehydrated at 350 °C, following which they were hydrated at 200 °C (Py20: 57.8 kPa).
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Figure S8. Reaction conversion vs. hydration time plots to determine the hydration reaction (Ax;)
and physical adsorption (Ax;) values for dehydrated samples. Data were recorded at (a) 110 °C, (b)
170 °C, and (c) 200 °C. Filled symbols and open symbols represent Ax; and Ax,, respectively.
Mg(OH),-W, L10, LO20, and L10/LO10 were dehydrated at a temperature of 350 °C, following

which they were hydrated at 110, 170,

or 200 °C (Pyp0: 57.8 kPa).
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Figure S9. FT-IR spectral profiles of de-MgO-W. MgO-W was dehydrated at a temperature of 350
°C, following which it was dehydrated again at temperatures of 110, 170, and 200 °C for 10 min.
(FT-IR spectral profiles were recorded at r. t. before the samples were hydrated).
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Figure S10. FT-IR spectral profiles of samples. Literature reports were referred to for peak
assignment.[12—17] The peaks were reassigned, as shown in Figure 10. The data has been
presented in the main manuscript.
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Figure S11. Hydration behavior of (a) de-L10/LO10, (b) de-L10, (c) de-LO20, and (d) de-
Mg(OH),-W (110 °C; 31.2 kPa). Mg(OH),-W, L10, LO20, and L10/LO10 were dehydrated at a
temperature of 350 °C, following which they were hydrated at 110 °C (Py,0: 31.2 kPa).
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Figure S12. Hydration behavior of pure and LiOH-added MgO studied at 200 °C for (a) de-LO10,
(b) de-LO20, (c) de-LO25, (d) de-LO30, (e) de-LO50, and (f) de-Mg(OH),-W. LO10, LO20,
LO25, LO30, LO50, and Mg(OH),-W were dehydrated at a temperature of 350 °C, following
which they were hydrated at a temperature of 200 °C (Pyy0: 57.8 kPa). LO10, LO20, LO25, LO30,
and LOS50 represent LiOH-added Mg(OH), samples where the Mg(OH),:LiOH molar ratios were
100:10, 100:20, 100:25, 100:30, and 100:50, respectively.
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Figure S13. FT-IR spectral profiles recorded for samples (as-synthesized LO20, LO25, LO30, and
LO50) prepared following the (a) impregnation method and (b) physical mixing technique. LO20,
LO25, LO30, and LOS50 represent LiOH-added Mg(OH), samples where the Mg(OH),:LiOH
molar ratios were 100:20, 100:25, 100:30, and 100:50, respectively.
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Figure S14. FT-IR spectral profiles recorded for de-MgO-W hydrated at 110 °C (Py,0: 31.2 kPa).
MgO-W was dehydrated at a temperature of 350 °C, following which it was hydrated at 110 °C
(PHZO: 31.2 kPa)
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Table S1. Hydration conversion values recorded at a temperature of 200 °C for de-Mg(OH),-W
and LiOH/MgO. LO10, LO20, LO25, LO30, and LO50 represent LiOH-added Mg(OH), samples
where the Mg(OH),:LiOH molar ratio were 100:10, 100:20, 100:25, 100:30, and 100:50,

respectively.

Sample Hydration conversion (Ax;) [%]
de-Mg(OH),-W 2.9

de-LO10 10.8

de-LO20 31.7

de-LO25 38.1

de-LO30 45.3

de-LO50 58.3
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