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Table 1 Chemical compositions of different raw materials w/%
Materials SiO, ALO3 Fe O3 CaO MgO SO; Na,O K,O TiO, 7rO, P,Os Loss
Cement 20.78 538 3.29 63.46 233 3.15 0.26 0.73 0.47 0 0 0.15
Metakaolin 60.92 35.75 0.72 0.16 0 0 0 0 1.83 0.13 0.46 0.03
Fly ash 49.21 29.99 7.79 7.31 1.21 1.20 0 0 2.03 0 0 1.26

w is mass fraction.

F2 KERVIERMERE

Table 2 Physical properties of cement

Standard Specifical surface area/  Apparent density/ Setting time/min Flexural strength/MPa Compressive strength/MPa
consistency/% (m?kg™") (kg'm™) Initial Final 3d 7d 28d 3d 7d 28d
258 356 3110 123 186 6.0 7.3 8.5 28.0 36.9 50.8
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Fig. 1 Particle size distributions of metakaolin(MK) and fly
ash(FA)
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Table 3 Mix proportions of cement—mineral admixture pastes

Sample No. W/B Cement/g Mineral admixture/g w(Nano C-S-H-PCE)/% w(Water-reducing admixture)/%
MK-0% 0.40 405 45 0 0.82
MK-2% 0.40 405 45 2 0.58
MK-4% 0.40 405 45 4 0.49
FA-0% 0.40 405 45 0 0.58
FA-2% 0.40 405 45 2 0.44
FA-4% 0.40 405 45 4 0.30

W/B is water to cement quality ratio. w is mass fraction. C-S-H-PCE is calcium silicate crystal nucleus.
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Fig. 2 Conductivity variation over time of MK and FA in
saturated Ca(OH). solution in the presence of nano
C-S-H-PCE
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Fig. 3 Schematic illustration of ion migration channel
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Extended Abstract

Introduction To accelerate the progress of pozzolanic reaction of the mineral admixtures, such as fly ash (FA) and metakaolin
(MK), dispersed nano-sized hydrated calcium silicate-polycarboxylate superplasticizer (C-S-H-PCE) were employed to regulate their
early-age pozzolanic reactivity in saturated Ca(OH)2 solution. The ion dissolution process of the mineral admixtures was investigated
through conductivity determination, inductively coupled plasma optical emission spectroscopy (ICP), and pH value measurement. The
pozzolanic reaction products of the mineral admixtures were studied by chemically bound water content analysis, Fourier transform
infrared spectroscopy (FTIR), and Brunner-Emmett-Teller (BET) based on nitrogen adsorption. The enhancement effect of nano-sized
C-S-H-PCE on the cement-mineral mortar was analyzed by compressive strength, and the regulatory mechanism underlying the
pozzolanic reactivity was discussed.

Methods As a kind of commercial product, nano-sized C-S-H-PCE was provided by Jiangsu Sobute New Materials Co., Ltd.,
China. The synthetic C-S-H was dispersed via the adsorption of the comb-like PCE on its surface, and then the final C-S-H-PCE with
the particle sizes of 50-100 nm was obtained via ultrasonic treatment. The mass concentration of nano-sized C-S-H-PCE was 12%.
The conductivity, inductively coupled plasma optical emission spectroscopy (ICP), pH value measurement, chemical bound water
analysis, Fourier transform infrared spectroscopy (FTIR) and N2 adsorption were applied to characterize the samples in this
investigation.

Results and discussion As the dosage of nano-sized C-S-H-PCE increasing, the conductivity of MK and FA systems decreased,
indicating that the concentration of free ions in the system gradually decreased, and the conductivity of MK system decreased more
significantly in relative to the FA system with the addition of nano-sized C-S-H-PCE. The pH values of both MK and FA systems
rapidly decrease with time, and the corresponding OH™ consumption increases with the addition of nano-sized C-S-H-PCE after 24 h
reaction. The results of conductivity and pH value indicated that nano-sized C-S-H-PCE promoted ion dissolution from mineral
admixtures and thus enhancing the pozzolanic activity.

As the dosage of nano C-S-H-PCE increases, the chemically bound water content corresponding to both MK and FA systems
gradually increases, and the chemically bound water content corresponding to MK system was significantly higher than that of
corresponding to FA system. The FTIR spectra indicated that the polymerization degree of silicon oxygen tetrahedra in mineral
admixtures MK and FA in saturated Ca (OH)2 solution continuously increased with the addition of nano-sized C-S-H-PCE, and the
corresponding Si—O bond stretching vibration peak number and integral area of MK system were higher. The results of nitrogen
adsorption showed that the nitrogen adsorption capacity and specific surface area of MK and FA samples increase with the increase of
nano-sized C-S-H-PCE content, promoting the progress of pozzolanic reaction.

The mechanism of nano C-S-H-PCE regulating the pozzolanic reactivity of mineral admixtures was that nano-sized C-S-H-PCE
reduced the free energy AG required for the nucleation barrier and nucleation of C-S-H gel, that is, the ions dissolved from mineral
admixtures can nucleate and crystallize on the surface of nano-sized C-S-H-PCE at a lower saturation concentration, thus quickly
forming hydration products. The formation of hydration products on the surface of nano-sized C-S-H-PCE reduced the ion
concentration in the solution, leading to an increase in ion unsaturation and further promoting the ion dissolution from mineral
admixtures, thereby accelerating the pozzolanic reactivity of mineral admixtures.

Conclusions The results showed that the conductivity and pH values of the MK and FA systems both could decrease as the amount
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of nano-sized C-S-H-PCE increased, accompanying with an accelerated breakage of Si—O and Al-—O bonds. After 24 h reaction, the
chemically bound water content gradually increased, while the polymerization degree of silicate tetrahedrons continuously increased.
In addition, the nitrogen adsorption capacity and specific surface area of the samples gradually expanded. The aforementioned results
indicated that nano-sized C-S-H-PCE accelerated the ion dissolution from mineral admixtures and the formation of pozzolanic
reaction products. Nano-sized C-S-H-PCE reduced the nucleation energy barrier of C-S-H gel, facilitating the nucleation and
crystallization of ions dissolved from mineral admixtures on the surface of nano-sized C-S-H-PCE, thereby accelerating the formation
of hydration products. This process could promote the dissolution of ions from mineral admixtures, ultimately enhancing their
pozzolanic reactivity.
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