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概要（目的・用途・実施
内容）

Abstract (Aim, Use
Applications and

Contents)

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 mm3 sized paste mixture of C3S, C2S, C3S2, 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.

実験
Experimental

【利用した装置】：高速2体分布関数計測装置
【実験方法】
Based upon the experiments done earlier by the applicants, the experiments of
carbonated calcium silicate pastes were performed in the form of paste
mixtures (5×5×10 mm3). 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
C3S, C2S, C3S2, 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 ×0.5
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 1MPa 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)).

結果と考察
Results and Discussion

X-ray scattering results of the C3S according to the initial carbonation period
are displayed in Fig.1. The scattering peaks of the C3S samples varies
significantly by the initial carbonation period. Hydrated C3S contains CSH and
CH as a reaction product, whereas the carbonated C3S 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)2 as a
reaction product. With the increasing carbonation period, diffraction peak
intensities of CaCO3 significantly increases (Fig.1. (b)).
PDF analysis results of the C3S according to the initial carbonation period are
displayed in Fig.2. The PDF peaks of the C3S 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 C3S by varying initial carbonation period.
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Fig. 2. PDF results of C3S by varying initial carbonation period.
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Fig. 3. Atomistic deformation behavior of C3S by varying initial carbonation
period.
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