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Editorial on the Research Topic

Nanoscale insight into the hydration products of cementitiousmaterials:
from theory to engineering
s

Introduction

Concrete is the second most consumed material in the world after water. Its
superior durability, plasticity, and cost-effectiveness make it one of the most common
construction materials in the world. The improvement of performance, innovation,
and sustainable development of traditional concrete has always been a focal point
of scholars’ attention (Flatt et al., 2012). Although the performance of concrete is
generally described on the macroscale, it essentially depends on the nanoscale structure
of the hydration products of the cementitious binder (Scrivener and Kirkpatrick,
2008). In other words, fully understanding of the nanoscale properties of cement
hydration products can facilitate the design of the macroscopic performance of
cement (Manzano et al., 2009). This is also the key reason why we need to focus
on the nanoscale properties of cementitious materials. The nanoscale insight into
the hydration products of cementitious materials can be regarded as the outpost of
Nano-Engineering (Wang et al., 2022). Corresponding to one macroscopic performance
with one or several nanoscale properties is the first concern of “nanoscale insight”.
Meanwhile, identifying the types of hydration products of different kinds of cementitious
materials is also a concern of “nanoscale insight”. The ultimate goal of “nanoscale
insight” is hopefully nanoscale design, which transforms the traditional relationship
flow of raw materials-performance into the relationship flow of raw materials-nanoscale
structures-performance. The multi-scale design and interconnection of cement materials
from macro to nano are shown in (Figure 1).
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FIGURE 1
Multi-scale design and interconnection of cement materials from macro to nano.

Centered around the aforementioned research goals, we are
honored to introduce the Research Topic, “Nanoscale Cement
Hydration Products: From Theory to Engineering.” The current
Research Topic includes 4 articles reporting on the chemical
reactions related to hydration, volcanic ash, and alkali activation
processes in cement production. It also explores experimental
techniques revealing the characteristics of hydration products
and presents interesting research findings on the nanoscale
properties and performance of cementitious materials. We hope
that these studies will further promote the connection between
the macroscopic properties and microscopic performance of
concrete.

A clear understanding of the hydration reactions and formation
mechanisms of different types of cement is crucial for advancing
the design and optimization of cementitious materials, as well as
controlling the rheology, pore structure, strength, and durability
of concrete (Aretxabaleta et al., 2023). The addition of mineral
admixtures in cement is an effective method to enhance the
performance of concrete, improve its durability, and slow down the
rate of cement hydration reactions. Dong et al. employed density
functional theory (DFT) to investigate the impact of [H2SiO4]

2-
on the adsorption and dissociation of water on the surface of
C3S during the initial hydration process. The study revealed that
[H2SiO4]2- ions inmineral admixtures could promote the hydration
process of C3S by adsorbing hydrogen atoms in water, increasing
the active oxygen sites on the C3S surface, and influencing the
charge transfer and bonding mechanisms of the C3S hydration
shell. This research delves into the molecular-level mechanisms
of mineral admixtures in cement hydration, contributing to
a deeper understanding of the role of mineral admixtures
in cement.

With the rapid development of the economy, environmental
Research Topic cannot be ignored. Green and eco-friendly cement,
as well as low-carbon cement, have emerged to achieve the
goal of material recycling and environmental protection. The
incorporation of mineral waste contributes to improved cement

properties and has the added advantage of significantly reducing
greenhouse gas emissions. Although research in this field mainly
focuses on applications, equal attention should also be paid to
the formation mechanism and process of hydration products of
compositematerials and theirmicro-nano structures (Duxson et al.,
2007; Provis, 2018). Wang et al. investigated the impact of silt
modification on the properties of magnesium phosphate cement
(MPC). The study utilized dredged sludge (DS) as a mineral
admixture for modified MPC. The results indicated that, compared
to fly ash (FA) and metakaolin (MK), DS exhibited the most
significant retarding effect on MPC. Additionally, the incorporation
of DS improved the water resistance of MPC. The paper discusses
the potential of using dredged sludge (DS) as an additional
cementitious material for construction purposes, highlighting
its potential to reduce MPC raw material costs and enhance
MPC performance. Li et al. investigated the basic properties and
hydration products of cement blended with sintered fly ash (SSA)
obtained from treated dredged sludge. Through a combination of
experiments and thermodynamic simulation methods, the study
examined the influence of adding 5%–30% SSA to Portland cement
on the fundamental properties and hydration products of the
cement. The results indicated that 10% SSA content densified
the cementitious gel structure, leading to more complete cement
hydration. The thermodynamic simulation results aligned well
with the experimental findings, providing a numerical simulation
foundation for predicting the behavior of other SSA content
levels. Wang et al. investigated the application and influence of
superplasticizer (SP) in ultra-high-performance concrete (UHPC)
and ultra-high-performance fiber-reinforced concrete (UHPFRC)
through experimental means, focusing on its effects on the
flowability of cement. The results indicated that the addition of
SP improved the flowability of UHPC at extremely low water-to-
cement ratios and enhanced themechanical properties of UHPFRC.
The particle packing theory mentioned in the paper explained the
flow mechanism of cement paste at the molecular level, providing
an intriguing perspective. These studies encourage a nanoscale
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understanding and deeper contemplation of the flowability of
cement paste.

With the in-depth study of the microscopic and nanoscale
properties of concrete, more research directions related to
cementitious materials need attention. This includes but is not
limited to various types of cementitious materials (including
hydraulic cement and supplementary cementitious materials),
encompassing all relevant Research Topic and techniques from
structural characteristics and activation methods to material
preparation and performance enhancement. The guest editorial
team believes that the combination of these research topics
with nanoscale research methods will promote a deeper
understanding and active development of cementitious material
properties.
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