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Keywords Abstract

Conventional concrete, Concrete is one of the most significant materials, man has produced. Conventionally, it is a

D{aWbaCkS» mixture of cement, sand, coarse aggregates and water. It is versatile, and gains strength in
High perfo‘rmance' a few weeks after its casting. It can withstand extreme weather conditions. However,
Nano particles,

traditional concrete also has some drawbacks. It has low tensile strength and develops
cracks, which limit its usefulness. The performance of concrete can be enhanced by carefully
selecting its ingredients and employing appropriate modern techniques. One such technique
is the use of nano particles. Nano particles, due to their small size, possess very high surface
area to volume ratio. They can be used as inert filler as well as chemically active ingredients
in cementitious composites. Being filler, they can fill up very small voids in the matrix. As
active ingredients, they can result in higher chemical reactivity. This work focuses on the
wonders, nano particles have brought in concrete technology. The topics include self-

Nano concretes.

healing, de-pollutant, de-icing and energy-saving concrete materials.

1.Introduction

Conventional concrete is a mixture of cement, fine aggregates or
sand, coarse aggregates and water. Cement is used for binding
purposes; it chemically reacts with water to form hydration products.
The aggregates act as filler materials. Traditionally, concrete is a
versatile material that can be used in a variety of residential,
commercial and industrial applications. Ordinary concrete has a
compressive strength of 20-25 MPa at maturity; however its tensile
strength is only 8-10% of its compressive strength [1]. In the
hardening process, cement particles chemically react with water to
form binding compounds; the chemical process is known as
hydration. Hydration initiates at the surface of the cement grains,;
Finer cement particles offer higher surface area, which leads to the
rapid formation of the hydration products. The hydration products
are mainly comprised of calcium silicate hydrate gel (CSH), calcium
hydroxide (CH), and ettringite. These products are precipitated at the
nucleation sites, forming the hard cement matrix, which is primarily
responsible for the strength of the concrete. In conventional concrete,
the size of the aggregate particles ranges from a fraction of
millimeters to few centimeters. These particles due to their larger
sizes deposit the cement hydration products inefficiently and result
in a lower strength of the concrete [2, 3].

As discussed earlier, the aggregate particles are mere fillers and the
classical aggregate sizes (from a fraction of a millimeter to a few
centimeters) lead to the creation of voids. Nano fillers can
accommodate inside the smaller voids obstructing the creation of
nano cracks [4]. Owing to the fact that the nano sized particles might
be very beneficial, nano materials made its ways inside the concrete
technology. Nano concrete technology speaks of the synthesis and
mixing of nano-sized particles in concrete in appropriate quantities,
using suitable methods [5]. As such, concrete technology is just not
limited to the ordinary concrete mixtures: A variety of concrete types
have been developed for special purposes. Among such special
concretes, include self-healing, self-cleaning, engineered
cementitious composites (ECC) and many more [6-11].

Present work deals with the special concrete materials, which are
developed by using nanotechnology. The materials like self-healing
concrete, self-cleaning concrete, de-icing agents and Phase Change
Materials (PCMs) are the focus of discussion.

2. Nano-mechanics

Nano-mechanics is defined as the mechanics of nano-particles and
the nano-composites (Matrix plus nano-fillers) [12]. According to
Strambeanu et al. (2014) a nanoparticle is defined as the one having
its size in the interval 10°-10° m [13]. Nanoparticles can be
transformed both into loose-formed powder and stable-shaped
nanomaterials. In loose form, their high surface to volume ratio,
ensures high degree of adsorption, and increased reaction with other
particles; Also their small size allows them to pass through extremely
narrow passages [14]. For nanomaterials, the nano-particles are
structured at molecule level (atom by atom), resulting in new or
improved properties: This alteration or improvement in turn
improves the properties of the composite material [15]. This bottom up
approach led the scientists and engineers to synthesize and apply
nano-particles in different domains of materials science and concrete
technology is not an exception.

3. Self-healing concrete
3.1. Bio concrete

Ordinary concrete develops cracks due to numerous reasons like high
ambient temperature, exothermic hydration reactions, applied loads,
and freeze and thaw etc [16]. Self-healing concrete, also known as Bio-
concrete or bacterial concrete, is a special type of concrete that repairs
its cracks, when it comes in contact with air or water. It makes use of
a special type of aerobic bacteria called Bacillus, which produces lime
(CaC03) in the presence of Oxygen. The produced lime heals up the
cracks. It was developed by Hendrik Jonkers, a microbiologist from
Netherland [17]. Bacterial content is placed during the casting phase
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and the can survive in alkaline environment developed during the
hydration phase. Bacteria are coated with clay so that they do not mix
with the cement particles. The bacteria are introduced with Calcium
Lactate (Ca(CsHs02)2) nutrient. The formation of CaCOs takes place in
accordance with the following formula:

Ca(C3H;0,), + 70, - 5CaCO; + 5C0, + 5H,0 (Eq. 1)

3.2 Nano-tailored self-healing concrete

Davies et al. (2018) have reported that one self-healing technique
cannot be applied for all kind of damages and that a particular self-
healing technique can be adapted keeping in view the specific damage
mechanism [18]. Nano-tailored cementitious composites were
developed to control the corrosion of reinforcing bars in concrete.
Calcium containing polymeric nano-aggregates (PEO113-b-PSz1g core-
shell micelles and vesicles) were introduced in concrete mix. The
concrete and steel material properties were investigated vis-a-vis the
pore solution composition and steel/cement paste interface. It is
reported that the nano-aggregates result in a reduction of porosity
and water permeability. It has also been confirmed that the
aggregates result in a more protective layer at the steel surface
compared to ordinary concrete, increasing the corrosion resistance of
the steel in an aggressive environment [19].

4. Self-cleaning concrete

Self-cleaning or photo-catalytic concrete is a concrete that employs
the phenomena of photo-catalysis for the decomposition of the
pollutants and contaminants present in air. When a photo-catalyst is
introduced in concrete, it decomposes organic materials like dirt,
mold, algae, bacteria, allergens, air pollutants, smoke, tobacco etc. in
the presence of light. The harmful compounds decompose into
Oxygen, Carbon dioxide, water, sulfates, nitrates, and other
substances that are either beneficial or have a relatively minor effect
on the environment[20].

Diagrammatically, the process of photo catalysis is shown in Figure 1.
Sunlight consists of waves of different wavelengths. Nano Titania
Particles (NTPs) absorb ultra-violet radiations from the sunlight. The
excess energy received causes the transfer of its valence electrons to
the conduction band creating an electron-hole pair. The chemical
reaction is shown in Eq. 2 [21].
TiO, + hA > h* + e~ (Eq. 2)

The positive hole decomposes water molecule into hydrogen gas and
hydroxyl radical, whereas the electron reacts with oxygen molecule
making superoxide radical. The hydroxyl and superoxide radicals
have the power to decompose different contaminants/pollutants,
which come in contact with the surface of the nano Titania particles.
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Figure 1. Mechanism of Photo Catalysis

5. Self-heating concrete

De-icing agents or snow-removing machines are intended to remove
snow, ice or frost from road surfaces to streamline traffic. Normally,
high concentrations of Sodium Chloride (NaCl) are used as de-icing
agents. NaCl decreases the freezing point of water. The decrease
depends on the amount of salt. Nevertheless, the salts have found to
be ineffective at temperatures below -16°C. Another problem with
chlorides is that it promotes metallic corrosion. This affects both the
vehicle parts and the steel reinforcement inside an RCC structural
member [22].

An important alternate to de-icing agents is the self-heating concrete.
The material consists of non-conductive Carbon Nano fibers
integrated with an electric current [23]. The resistive material
converts electrical current to heat. The heat is conducted to the road
surface and melts the snow lying thereon. Self-heating concrete
eliminates the use of corrosive de-icing agents or heavy machinery
for removing snow. Diagrammatically, the process of self-heating
concrete is shown in Figure 2.
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Figure 2. Self-heating Concrete; redrawn from [23]

Normally, concrete is regarded as insulating material due to its non-
homogeneous composition and voids. However, modern techniques
can be used to enhance its thermal conductivity. One of such
techniques is the use of a combination of silane and silica fume as
admixtures. It is reported that the two admixtures together increase
the thermal conductivity of the cement paste by 50%. The silane
couples together the silica fume particles, which provides an easy flow
of heat [24].

6. Energy storing concrete

In residential and commercial sectors, it is very important to provide
thermal comfort to the occupants. With the passage of time, the
thermal comfortability requirements and enhanced building services
have increased the energy demand for heating and cooling
applications. Traditionally, thermal insulation materials are being
employed for reducing the energy losses through the building
envelope. However, the increased insulation thickness leads to
reduction in net useable space, complex building detailing and
increased cost of construction. Literature indicates that the phase
change materials (PCM), which can store heat or coolness are capable
of reducing the energy demand for heating and cooling applications
[25, 26]. The PCMs store energy in latent form, which is described as
the amount of energy released or absorbed, while the material
changes its phase i.e. from liquid phase to solid phase and vice versa.
The latent heat for changing the material’s phase is usually several
times greater than their sensible heat: For example, the sensible heat
for concrete is 1.0 kJ/kg K, whereas the latent heat of calcium chloride
hexahydrate is 171 kJ/kg with melting temperature of 29.7 °C and for
butyl stearate it is 140 kJ/kg with melting temperature from 18 to 23
°C [27]. This indicates that PCMs may offer their energy storage
potential for controlling the indoor environment with reduced energy
requirements for heating or cooling.

PCM are generally categorized in three groups i.e. (a) organic, (b)
inorganic, and (c) eutectics. Organic PCM are generally stable,
nontoxic and noncorrosive in nature. They exhibit high latent heat
capacity but due to their poor thermal conductivity, they require
fillers or admixtures for their effective utilization in the energy
storage applications. Organic PCMs include paraffin wax and other
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paraffin containing carbon atoms ranging from C14 to C50. Other
non-paraffin based organic PCMs are polyglycols, dodecanol,
biphenyl, HDPE, capric acid and laurinic acid etc.

Inorganic PCMs are generally cheap with high latent heat capacity but
they are corrosive and may undergo phase segregation. Phase
segregation means that the inorganic PCMs e.g. salt hydrates
decompose into lower salts thus reducing the effective amount of PCM
and lowering the energy storage capacity. Common examples of
hydrated salt based PCM are LiCl03.3H:0, Zn(NOs)..6H20, CaCl..6H20
etc. The salt hydrates exhibit higher energy storage capacity but also
require higher phase change temperature that may not fall in the
comfortable range. Therefore, to modify the melting temperature,
energy storage capacity, phase segregation and super-cooling
tendency, two or more salt hydrates or other materials are mixed to
form eutectics. Eutectics may be divided into three groups depending
upon the types of PCMs mixed to form them e.g. (a) organic PCM mixed
with other organic PCM, (b) inorganic PCM mixed with other inorganic
PCM, and (c) organic PCM mixed with other inorganic PCM.

Mehling (2008) reported that the magnesium salt hydrates ie.
Mg(NO3)2.6H20 and MgCl..6H20 having melting points of 90 °C and 117
°C, respectively when mixed together as 58.7%Mg(NO3):.6H-0 +
41.3%MgCl2.6H20 bring down the melting temperature of the eutectic
to 58 °C [28]. A schematic view of the categories of PCMs is presented
in Figure 3 below.
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Figure 3. Categories of PCMs; redrawn from [29]

Generally, PCMs are incorporated by encapsulating them in suitable
containers made up of metals, ceramics, and polymers. However, in
building applications, the low heat transfer/ thermal conductivity of
PCM encapsulating materials, PCMs leakage and their volume
changes associated with the phase changing may produce adverse
effect on the physical/ mechanical properties of PCM carrying
materials. One of the solutions to these problems is to impregnate the
PCMs directly in the construction materials.

Concrete is composed of 70-75% (by volume) of aggregates [30]. These
are inert materials that can be employed for the impregnation of PCMs
in concrete. Expanded clay and shale aggregates have been
impregnated by Zheng et.al. (2004) with butyl stearate [31]. They have
reported that the PCM can occupy about 75% of the total pores of the
aggregates and exhibit excellent thermal characteristics with no PCM
leakage. The direct impregnation is an easy and effective method.
However, the interaction between cement hydration products and
PCM impregnated aggregates deteriorates the composite’s mechanical
strength [32, 33].

The direct inclusion of PCM in the cement composites has been
investigated by Bao et.al. (2017) [26]. They incorporated the paraffin
modified with expanded graphite and graphene nano platelets,
directly into the cement matrix. The paraffin was effectively held by
the expanded graphite through capillary suction and surface tension,
while the graphene nano platelets held the PCM on their surface due
to van-der-wall forces. The resulting composite exhibited no leakage
of PCM with excellent thermal efficiency.

7. Conclusions

The bottom up approach ie. controlling the characteristics of
composites from nano and micro scale is very effective in engineering
applications. In construction industry by exploiting the power of nano
technology, tremendous enhancements in the functional capabilities
of the resulting composites may be achieved. A lot of awareness and
research is still needed to explore more benefits of nanotechnology
for building materials. Some future ideas may include (but not limited
to) the performance enhancement of the concrete containing recycled
aggregates, reduction of carbon footprint due to cementitious
materials, optimization of hydration reactions, concrete production
under severe negative temperatures, and extraterrestrial
construction.

The possible utilization of PCMs in cement and concrete for energy
storage is very promising and may lead to enormous amounts of
energy savings thus reducing the carbon foot prints of the
construction industry. The direct incorporation, encapsulation and
impregnation are the major and effective techniques for
incorporating the PCMs in the cement and concrete composites. The
PCMs may lead to reduction in strength of the cementitious
composites however, this effect may be balanced by the utilization of
nano/micro fibers, carbonaceous inerts or other high-performance
materials.
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