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To compare the phase composition, load transferring mechanism, deformation
behavior, and structural changes of pure calcium silicate minerals according to
the Ca/Si ratio and carbonation period by X-ray diffraction and pair distribution
function (PDF) analysis, high energy X-ray scattering experiment was performed
on the 5x5x10 mm? sized paste mixture of C,S, C,S, C,S,, and CS (which
corresponds to pure calcium silicate phases with varying chemical compositions
(Ca/Si= 3, 2, 1.5, and 1) with the carbonation period of 0, 12, 24, 48, 72, 168
hours.
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Based upon the experiments done earlier by the applicants, the experiments of
carbonated calcium silicate pastes were performed in the form of paste
mixtures (5x5x10 mm?®). First experiments were held by applying external loads
during X-ray scattering experiments with the pure calcium silicate phases with
varying chemical compositions (Ca/Si= 3, 2, 1.5, and 1, which corresponds to
C.S, C.S, C,S,, and CS respectively). The samples were prepared by two types,
hydrated and carbonated ones for the comparison of the results. The incident
X-ray beam was targeted to the center of the sample in the size of 0.5 mm x0.5
mm and the flat panel (FP) detector will be positioned at the distance of 304
and 654 mm from the pastes to achieve an extensive PDF Q-range and high
angular resolution. External loads of 0.5 to 1TMPa were applied each step until
the rupture of the sample. The 3-dimensional internal microstructure of the
samples weare further investigated by hard X-ray computed tomography at
Pohang light source (PAL-7C beamline, X-ray energy: 8.3 keV (Ni K-edge)).
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Results and Discussion

X-ray scattering results of the C,S according to the initial carbonation period
are displayed in Fig.1. The scattering peaks of the C,S samples varies
significantly by the initial carbonation period. Hydrated C,S contains CSH and
CH as a reaction product, whereas the carbonated C,S shows decreased or no
amount of CSH according to the Especially, the sample initially carbonated for
12 h (Fig. 1. (c)) shows distinct peaks indicating the presence of Ca(OH), as a
reaction product. With the increasing carbonation period, diffraction peak
intensities of CaCO, significantly increases (Fig.1. (b)).

PDF analysis results of the C,S according to the initial carbonation period are
displayed in Fig.2. The PDF peaks of the C;S samples varies significantly by the
initial carbonation period. The peaks located at 1.6, 2.4, 3.6 A is shifted
according to the presence of carbonation products. Especially, the sample
subjected to 168 h of initial carbonation exhibited the drastic changes
compared to the one without carbonation curing.

Atomistic strain calculated by the shifts of PDF peaks according to the constant
step loading was shown in Fig. 3. The sample initially carbonated for 12 h had
shown drastic strain at initial loading region, whereas the hydrated and 168 h
carbonated samples had shown higher elastic modulus. Therefore, it was found
that the longer the carbonation period becomes, the higher the elastic modulus
became.
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Fig. 1. X-ray scattering results of C,S by varying initial carbonation period.




3.0

25 ] ——Hydrated
N - -~ 168h CO,
20 - 12h €O,
1.5
1.0+
R A 2 S 051
Figures, Tables and 00 1
Equations 2 0574
-1.0
1.5
T T T T T T T T T T T T T T
2 4 6 8 10 12 14 16 18 20
r(A)
Fig. 2. PDF results of C;S by varying initial carbonation period.
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Fig. 3. Atomistic deformation behavior of C,S by varying initial carbonation
period.

20 - FELEE (BF
Xk - BEEE)
Remarks(References and
Acknowledgements)

Sumin Im, Hyeonseok Jee, Heongwon Suh, Manabu Kanematsu, Satoshi
Morooka, Hongbok Choe, Nishio Yuhei, Akihiko Machida, Jihoon Kim, Seungmin
Lim, Sungchul Bae, "Insight on the mechanical properties of hierarchical porous
calcium-silicate-hydrate pastes according to the Ca/Si molar ratio using in-situ
synchrotron X-ray scattering and nanoindentation test", Construction and
Building Materials, 365, 130034 (2023),
DOI:10.1016/j.conbuildmat.2022.130034

Im Sumin, Bae Sungchul, "Multiscale investigation on the thermal stability of
synthetic C-S-H pastes according to Ca/Si ratios", 16th International Congress
on the Chemisstry of Cement, ICCC2023 (Bangkok, Thailand) , S#15%E9H819H
Kim Gyeongryul, Suh Heongwon, Cho Seungmin, Bae Sungchul, "Effect of the
Formation of MgCl, based Magnesium Silicate Hydrate on the Physicochemical
Characteristics of Calcium Silicate Hydrate", Korea Concrete Institute 2022
Spring Academic Conference (Seoul, Korea), §#14F5H12H

BRFF - BRRFIA / Publication and Patents




DOl (X - FO>—F 4«
> 1]
DOI (Publication and
Proceedings)

Seongmin Cho, Characteristic microstructural phase evolution and the
compressive strength development mechanisms of tricalcium silicate pastes
under various initial carbonation curing environments, Construction and
Building Materials, 409, 133866(2023).

DOI: 10.1016/j.conbuildmat.2023.133866

AEFER, RNRAY—HK
B LU, FOMDERI[1]
Oral Presentations etc.

Im Sumin, Cho Seongmin, Chen Yukun, Bae Sungchul, "Microstructural Analysis
of Calcium Silicate Hydrate (C-S-H) Incorporating Graphene Oxide via High
Energy X-ray Scattering Measurement", Korea Concrete Institute 2023 Spring
Academic Conference (Busan, Korea), §#15%E5811H

AR, RRY—HR
LUV, EF0MDHRZ[2]
Oral Presentations etc.

Cho Seongmin, Suh Heongwon, Kim Gyeongryul, Bae Sungchul, "Comparison of
the nanostructure of carbonation products of hydraulic and non-hydraulic
calcium silicates using pair distribution function", Architectural Institute of
Korea 2023 Spring Conference (Seoul, Korea), S#15F4827H

ABFER. RRAY—HRK
BLU. FOMDERI[3]
Oral Presentations etc.

Cho, Seongmin, Im Sumin, Bae Sungchul, "Nano-structural Investigation of the
Reaction Products of Pure Tricalcium Silicate Paste by Carbonation-hydration
Curing Condition using Pair Distribution Function", Korea Concrete Institute
2022 Autumn Academic Conference (Jeju, Korea), 5#14%E1183H

ABERER. "NRAY—HK
b LU, FOMDERI[4]
Oral Presentations etc.

Cho Seongmin, Bae Sungchul,"An Experimental Study on the Micro-scale
Deformation Behavior of CO2-Cured Di-calcium and Tri-calcium Silicate Pastes
Using In-situ Loading Atomic Pair Distribution Function Analysis", The 1st RILEM
International Conference on Mineral Carbonation for Cement and Concrete
(Aachen/Germany), S#16F4817H.

LEE] T
Number of Patent o4

Applications

W ERHM
Number of Registered | Of4

Patents



https://doi.org/10.1016/j.conbuildmat.2023.133866

