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Effect of Decalcification on C-S-H Gel Microstructure in Cement Paste
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Abstract: Effect of decalcification on microstructure of C-S-H gel in ASTM | cement paste were studied by
X-ray fluorescence spectrometer (XRF), X-ray diffraction (XRD), infrared spectroscopy with Fourier
transform(FTIR) and *Si MAS NMR with deconvolution technique. It is shown from test results that the
decalcification process can be divided into two stages. When the molar ratio of CaO to SiO, in the pastes at
3, 28 d is lowered from~2. 78 to~2. 00, almost all of CH is removed and C-S-H gel is partially decalci-
fied, the average chain length(ACL) of C-S-H is increased from 2. 4 to 4. 4 for 3 d paste and from 2. 9 to
5.8 for 28 d paste respectively, and I(Q*)/I(Q") is also increased. While the molar ratio of CaO to SiO, in
the pastes comes to~1. 83, decalcification of C-S-H gel occurs. C-S-H polymerizes and I(Q*)/I(Q") in-
creases largely in this stage, which results in further increase of ACL to 6. 2 for 3 d paste and 9. 9 for 28 d
paste. The mechanism of increase of C-S-H polymerization could be transformation of dimeric C-S-H to-
ward highly polymerized C-S-H. However, Al doping could affect the stability of C-S-H microstructure.
In molecular level, the existence of the pure bridging silicon-oxy tetrahedrons in C-S-H is beneficial to the
optimization of the microstructure.
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Table 1 Chemical composition(by mass) of ASTM I cement %

CaO SiO, Fe, O, Al O, MgO K.,O Na,O

56.70 22.21 3.20 6.35 3.13 0.75 0.72
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Table 2 Chemical compositions and decalcification degree of cement paste

Decalcification

Chemical composition(by mass) /%

Molar ratio of

Sample Hydration time/d . . . -
time/min CaO SiO, Fe,O, ALO, CaO to SiO,

C3 0 56. 94 21. 86 3.52 7.12 2.79

C33 3 30 51. 40 27. 30 4. 90 5. 20 2.02

C39 90 49.10 28.70 5.08 5.38 1.83
C28 0 56. 18 21.62 3.96 6. 50 2.78

C283 28 30 51.90 28.50 5.12 5.57 1.95

C289 90 50. 00 29.50 5.31 5.70 1.82
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XRD patterns of cement pastes and their decalcified samples
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Fig. 2 FTIR spectra of cement pastes and their decalcified samples
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*Si MAS NMR spectra of cement pastes and their decalcified samples
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Table 3 Deconvolution results for cement pastes and their decalcified samples

Sample QH/% Q" /% QY /% Q' (AD) /% IQH/% ACL a/ %
C3 62.9 0.0 31.3 3.3 1.9 2.4 37.1
€33 61.1 0.0 18.6 3.8 16.5 4.4
€39 59.7 1.0 13.8 5.1 21.7 6.2
C28 45.6 4.5 36.9 6.9 5.8 2.9 54.4
€283 43.7 0.0 20. 8 7.3 28.2 5.8
€289 42.1 0.0 12.7 9.6 35.6 9.9
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