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To reduce CO2 emissions, it is essential to applicate supplementary
cementitious materials (SCMs), such as fly ash, granulated blast-furnace slag,
and silica fume, that can partially replace cement. Despite the diversification in
cement composition, the volume fraction of calcium–silicate–hydrate (C–S–H)
still accounts for more than approximately 50% of the total composition of
cement hydration products. Due to the abundance of elements capable of
modifying the C–S–H structure in SCMs, such as aluminum and magnesium,
there are various types of silicate hydrates in cementitious materials (Fig.1):
aluminum-incorporated C–S–H (C–A–S–H), magnesium-incorporated C–S–H
(M–C–S–H), and magnesium silicate hydrate (M–S–H), respectively. These
silicate hydrates affect the mechanical properties of cement paste according to
the ratios of constituent elements (i.e., Ca/Si, Al/Si, Mg/Si, and Ca/Mg) [1].
There are three distinct periods during C–S–H carbonation, including a
dissolution period, a diffusion period, and a slowly ongoing reaction
period. During C–S–H carbonation under atmospheric conditions, C–S–H gel
transforms into an amorphous silica gel and various polymorphs of calcium
carbonate, such as amorphous calcium carbonates, calcite, vaterite, and
aragonite [3]. Due to the heterogeneous and amorphous characteristics of
C–S–H gel, the carbonation kinetics of interatomic structure of C–S–H and the
correlation between chemical decomposition and mechanical properties
remain unknown [4]. Furthermore, the carbonation kinetics of other amorphous
silicate hydrates in PC-based materials with SCMs, such as C–A–S–H and
M–S–H, still remain unclear. Therefore, this study aims to investigate the
carbonation kinetics of silicate hydrates and the relationship between
interatomic structural changes and mechanical properties of amorphous silicate
hydrates after the early stage of carbonation via in-situ loading synchrotron X-
ray scattering experiments.

実験
Experimental

準備した合成 C–S–H, M–C–S–H, M–S–H, and C–A–S–H pasteに圧縮負荷をかけな
がら（常温）XRD実験を行う。事前に準備した試験片は 持ち込み装置である小型引
張圧縮試験機一式（AC 100 V）を用いて、予備実験の結果より最大15~18 MPaま
で0.5～1 MPa間隔で圧縮応力を負荷した圧縮試験を行う予定とした。BL22XUのSi
(111)二結晶分光器で単色化した70 keVのX線を使用する。検出器には回折計に搭
載された大型デジタル２次元X線検出器を用い、入射ビームサイズは0.5 mm × 0.5
mmとした。試験片からの距離Lを304 mmおよび654 mmでそれぞれPDFおよ
びXRD解析用のデータを収集した。

結果と考察
Results and Discussion

After 10 min of carbonation, the peaks of MgCO3 and CaCO3 were detected as
shown in the total X-ray scattering patterns. Furthermore, the intensity of the
hump within the Q ranging from 1.5 to 2 Å increased, indicating that the
depolymerization behavior of silicate chains in M-C-S-H was more apparent
than that of C-S-H pastes. The interatomic distance at 2.4 Å regarding the
calcium layers slightly decreased while that of the M-C-S-H phases almost
unchanged after 30 min of carbonation. The peak intensity of interatomic
distance between Mg and O increased. The PDF peaks according to the
interatomic distance of Ca-Si (3.6 Å) decreased while that of M-C-S-H phase
increased. These results show that the structural transformation from chain-like
structure to plate-like structure due to the Mg substitution can reduce the
decalcification behavior of C-S-H under carbon storage conditions.
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Pair distribution functions of (A) C-S-H pastes and (B) M-C-S-H pastes after
carbonation curing time of 10, 20, and 30 min
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