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Table 1 Other functions of C-S-H and its application

Source Characteristic Application Mechanism

[71-73]  Crystallinity is low When the optimal content is 14.5%, the Polymer and inorganic fillers in polyurethane coatings form an “island”
and the particle size water resistance and alkali resistance of shaped composite structure. When the coating film cracks under stress,
is about 30 pm. the coating are 403 h and 243 h, the it can disperse or avoid stress concentration, thereby improving the

tensile strength and elongation at break mechanical properties of the coating. At the same time, the small

are 12.4 MPa and 320%, and the particle size and particle size distribution of C-S-H make the coating

thermal conductivity is 0.147 W/(m-K). more compact and dense, thereby resisting the invasion of water and
alkali, and increasing the durability and thermal conductivity of the
coating.

[74-75]  White powder, fibrous ~ When the optimal dosage is 18%, the C-S-H gel surface is rich in silanol groups, which can significantly
morphology, and the tensile strength of silicone rubber is promote the early sulfurization effect. Meanwhile, the smaller the
particle size is about 5.53 MPa, the elongation at break is particle size and the more active sites on the surface, the higher the
6.27 pm. 533%, the tear strength is 12.30 kN/m, tensile strength.

and the Shore A hardness is 53.

[76] Honeycomb When the optimal dosage is 30%, the Due to its honeycomb-like structure and porosity, the C-S-H gel exhibits
morphology, whiteness of the paper is 83.4%, the better interlocking with fibers. In contrast, the calcium carbonate-filled
whiteness of 90.5%, opacity is 90%, the tensile index is paper mainly fills the voids between fibers, but its interlocking effect
and the average 32.3 mN-g™, and the tear index is as with the fibers is not as pronounced as that of C-S-H fillers.
particle size is high as 9.4 mN-m%/g.

10.63 pm.
[77] Granular sheets and When the optimal content was 1%, Presence of C-S-H gel can stimulate metabolic reactions, thereby

the particle size is

about 5 nm.

Staphylococcus aureus produced higher
biofilm biomass and inhibited the
growth of Candida albicans to protect

the composite.

increasing the growth rate and activity of various bacteria, and

promoting the reproduction and growth of biofilms.
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Calcium Silicate Hydrate Gels — A Short Review

ZHAO Piqi, SUN Qian, YANG Xinyue, LU Lingchao, CHENG Xin
(Shandong Provincial Key Laboratory of Preparation and Measurement of Building Materials, College of Materials Science and
Engineering, University of Jinan, Jinan 250024, China)

Extended Abstract

Portland cement is one of the basic building materials for economic development, with high frequency of use, large quantity and
wide application range. Calcium silicate hydrate (C-S-H) gel is a main hydration product that affects the macroscopic properties of
Portland cement-based materials, and it is important to clarify the relationship between its structure and performance for the
improvement of cement industry. However, the C-S-H gel produced by hydration of cement-based materials is difficult to extract, and
its composition, morphology and structure are affected by different factors, which further affects its application performance.
Therefore, this review analyzed the relationship between the microstructure and performance of C-S-H gel, discussed its mechanism
of action on cement hydration, and provided a reference for its large-scale preparation and application.

C-S-H gel is an amorphous substance, its structure and composition are generally complex and variable. The structure of
C-S-H gel has a certain regularity. Some work proposed three related theoretical models. The first model is an atomic structure model,
which can provide a theoretical basis for the differences in phase composition and tetrahedral structure, and lay a reference for the
mechanism of adsorption performance. The second model is a nanostructure model, which can make a reasonable explanation for the
morphological changes of C-S-H gel and provide a theoretical support for improving the seed effect. The third model is an
intermediary structure model, which can provide a more profound and comprehensive understanding of its internal microstructure.
These models are an important basis for understanding the characteristics of cement as well as a key to analyzing the microstructure
of C-S-H gel and applying its characteristics.

The proposal and verification of the three models above usually rely on the research of single-phase C-S-H gel, and the
hydration products of cement affect each other, so it is difficult to extract C-S-H gel from the hardened matrix alone. Therefore, some
researchers usually use artificial methods to prepare and control the composition and structure of C-S-H gels, especially hydrothermal
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synthesis. Firstly, keeping the reaction temperature and time (i.e., 70 ‘C and 7 h), choosing a low Ca/Si ratio and adding AI** or Na*
can reduce the generation of impurities. Secondly, increasing the reaction temperature and time improves the degree of
polymerization of hydration products, and changing the Ca/Si ratio and ion species within a certain range also affects the chain length.
In addition, the temperature increases, the reaction time prolongs, and the C-S-H surface gradually changes from the loose state to the
dense state as the Ca/Si ratio decreases in the presence of Mg?". Therefore, the precise control of C-S-H gel structure and
characteristics can be achieved via a reasonable selection of technical parameters and applied to improve cement strength, thus
avoiding ion penetration and other fields.

More importantly, the effective regulation of C-S-H gel can further improve the performance in different fields. The fiber-like
morphology can be synthesized by properly reducing the Ca/Si ratio, adding Mg®*, increasing the temperature and extending the time,
and the seeding effect of C-S-H gel can be improved to the greatest extent. Meanwhile, increasing Ca/Si ratio, mixing K" and Na',
reducing reaction temperature, and shortening reaction time can increase the adsorption on the surface and accelerate the curing effect
of C-S-H gel.

Summary and prospects As an important source of strength in cement-based materials, the structural characteristics of C-S-H gel
in microscale can determine its macroscopic applications in different fields. This review represented the typical structures of C-S-H
gel at different stages and introduced the inherent connection between structure and performance. The precise control of different
C-S-H structure using hydrothermal synthesis was introduced, and the influence of synthesis factors on its composition, morphology,
and structure was described. The basic research on the synthesis of C-S-H gel in relevant fields was summarized. This review
summarized the relationship between the structure and performance of C-S-H gel as well as the exploration of the prospects for the
engineering application of C-S-H gel. This review provided a theoretical reference for fully understanding the hydration mechanism
of cement and developing high-performance, environmentally friendly building materials.

At present, the research on the essence and mechanism of C-S-H gel is still relatively weak, and there are still many problems to be
solved and further explored:

1. This review mainly summarized the influence of synthetic C-S-H gel doped with cement-based materials on the overall
performance, but could not realize an integrated study of "structure-performance-application" of C-S-H gel. It is necessary to deeply
analyze the influence of the structure and performance of cement hydrated C-S-H gel on the matrix, and further improve the growth
regulation and performance application of C-S-H gel in cement concrete.

2. In the process of hydrothermal synthesis of C-S-H gel, the influence and law of key variables such as Ca/Si ratio, alkali ion,
reaction time and temperature on the particle size are not determined yet. In the future, it is necessary to continuously debug the
experimental environment and parameters to explore a relationship between the particle size and properties.
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