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Abstract

All the properties of concrete are associated with the processes that occur at the nano-scale. In this study,
the physical properties of nano-concrete are reviewed. Nano-concrete has nanoparticles (such as Nano
Si02, Nano AI203, NanoTiO2, Nano Fe203, Nano Fe304, Nano Clay, NanoZrOZ2 carbon nanotubes,
nano-fibers, and carbon nano-fibers) as admixtures in small quantities as a percentage of the burden of the
cement. Due to its excellent physical properties, nano-concrete is becoming more and more popular in
practical engineering. To get a deep understanding of the physical properties of nano-concrete, researchers
have done a lot of research in this area. In this review paper, the most common is used. The nanoparticles
have effectiveness on concrete’s physical performance such as strength, modulus of elasticity, durability,
density, abrasion resistance, resistance to permeability, and water absorption and frost resistance.
Nanoparticles improve the share of strength and modulus of elasticity with the relevancy of the control
mixes. The microstructure of various varieties of concrete is significantly enhanced upon the addition of
nanoparticles and as a result durability of concrete increases. The microstructure of concrete with
nanoparticles is denser and more uniform than that of conventional concrete. The nanoparticles reduce
porosity, increase the density of cement concrete, and thus show an improvement in resistance to
permeability and water absorption than conventional concrete, and therefore the frost resistance of concrete
is improved. The addition of nanoparticles to concrete mixes showed more abrasion resistance for concrete
and mortar. The decrease in workability of concrete with nanoparticles may be compensated by using of
superplasticizer in concrete mixes.
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1. Introduction

Nanotechnology of concrete includes nanometer-scale renovation techniques to form a
brand new adequate generation of cementitious composites with ideal physical behavior,
with the assistance of which made the concrete with unique properties. The final
word goal of concrete nanotechnology is that the studying of concrete at the nano-
scale and also the studying of nanoparticles accustomed give better properties to
concrete.

Among the changes that nano-cement and nano-cementing materials have brought in
concrete technology is the increase in crack resistance, decrease within the curing time,
increase in ductility, and also increase in its strength. These positive changes have led
to the employment of nano cement in most industries. The nanoparticles like TiO2,
Al203, ZnO2, Si02, carbon nanotubes, nanofibers, and carbon nanofibers can affect the
mechanical and physical properties of cement concrete. When the cement particles mix,
the combination is composed of holes from some micrometers to some millimeters, which
is one of the explanations for the low strength of cement concrete. the employment of
nanotechnology has solved this problem. So well that nano-crystals penetrate within
the pores of cement mix and well cover the space between cement particles. This
decreases the porosity and permeability which highly affect the standard of the concrete
mix and increases its strength and durability [28].

Nanocrystals that fill nanopores will affect and increase their viscosity furthermore.
On the opposite hand, nano cement granules and nano-particles are suspended in liquids
and water and don't precipitate. This function allows for the preparation of a dense and
suitable cement paste with nano-particles and cement. The very dense cement paste will
positively affect the physical properties of cement concrete [44].

Nanomaterials such as nano silica, nano-TiO2, AlI203, ZnO2, carbon nanotubes,
nanofibers, etc. have the capability of improving the properties of concrete. It is clear that
nanomaterials are still in their developing stages, and they have many challenges and
unsolved complications for their huge commercial and application prospects. The main
objective of this article is to study the incorporation of nanostructured materials in
concrete mixes, which could improve the concrete’s physical properties such as strength,
modulus of elasticity, durability, density, abrasion resistance, resistance to permeability
and water absorption, and frost resistance. The microstructures of concrete are
significantly improved by the inclusion of nanomaterials, as the nanomaterials enhance
the hydration process by generating more hydrated products.
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2. Nano-concrete

Concrete is a construction material from an acceptable mixture of cement, water, sand,
and gravel. Concrete is formed of cement paste (obtained from the chemical action of
cement and water) and aggregates (sand and gravel) where the paste acts as a glue and
binds the sand and gravel thus receiving concrete. In some cases it's necessary to feature
some admixtures that are added to concrete in small quantities as a percentage of the
burden of the cement, some part of them are nanoparticles, these nanoparticles are
employed in concrete to urge some good properties like increasing strength, density, and
durability of concrete. When nanoparticles are added to a concrete mixture as cement
replacement in various percentages, this type of concrete is called nano-concrete [17].
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Fig.1 The particle size and specific surface area scale related to concrete materials [39].

2.1. Differing types of nanoparticles used in concrete:

Nanoparticle refers to the ultrafine material with particle size at the nanometer level (1-
100nm), which is larger than the atomic cluster (the cluster of atoms but 1nm in length)
and smaller than the usual powder, within the transition zone of the cluster to the
macroscopic object, a typical mesoscopic system. Because of its small size, large area,
and other factors, have subsequent four special effects: size effect, quantum effect, surface
effect, and interface effect. These four effects mainly reflect the structural, chemical, and
physical characteristics of nanoparticles, which are called "the most promising materials
of the 21st century".Nano-mineral powder mainly includes nano-silica, nano-calcium
carbonate, and nano-silica powder. In ordinary hydraulic cement within the distribution
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of 10-100nmgel pores, the incorporation of nano-powder just fills these gaps and plays a
job in improving the permeability of concrete and toughness [44].
There are different types of nanoparticles utilized in concrete. There'll introduce the
foremost important and widespread nanoparticles which are employed in cement
concrete. These nanoparticles are usually made up of the cement itself, like nano iron,
nano corundom, nano silica, etc. these nanoparticles have many advantages and
downsides, and therefore the main problem of using these nanoparticles with cement
concrete within the world belongs to them is that the economic discussion and their
impact on the environment. For this reason, it's important to seek out the optimum and
effective  amount of  those nanoparticles within  the concrete =~ andto  search
out nanoparticles that haven't any harmful effect on the environment [40]. Below are
some current research results presented and reviewed. Sun et al, researched to change the
impact of nano-silica on the concrete's initial compressive strength in large quantities
of ash [40].
The results show that the nanoparticles are incorporated into the concrete, which
might effectively improve the mechanical properties like compressive and flexural
properties of concrete. The incorporation of nano-silica improves the mechanical
properties of concrete much beyond that of nano-calcium carbonate. The explanation is
that the volcanic ash activity of silica is far above that of silica fume, and also the
incorporation of silica makes the slurry fluidity decrease and therefore the aggregation
time is significantly shortened. At the identical time, the incorporation of nano-silica also
can significantly improve the concrete early strength. Nano-silica puts into the cement,
thanks to its structure, physical and chemical characteristics, and cement during a sizable
amount of Ca(OH)2 combined, thereby promoting cement hydration, improving
the reaction of the exothermic efficiency sothe cement slurry micro-structure to
boost the cement more uniform and dense. Nano-calcium carbonate incorporation plays
physical and chemical effects, reducing the inner area of cement stone to hurry up the
first hydration of clinker speed, reducing porosity, increasing the density of cement
concrete, and thus improving the compressive strength of concrete [44].
The study shows that the control cement sample lacking ash and nano-silica had the best
compressive resistance. This control sample's strength was 58% cement and a couple of
steel,40% ash, and nano-silica. Adding huge quantities of ash, particularly greater than
70%, concrete's compressive strength is drastically decreased. Jalal et al, have
also checked out high performance [8].

In the study where samples containing nano-silica showed higher strength than
samples containing nano-silica ash [33], [13]. The effect of ash on nano silicone on the
compressive strength of high-performance compacted concrete [8].
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The results show that the addition of ash decreased the strength and also the addition
of nano-silica increased the strength. However, the compressive strength of 15% of ash in
concrete at 90 days is slightly increased compared to the control. Rahim et al studied the
effect on the compressive strength of cementitious concrete containing wood ash by
adding nano-silica [27]. Contains a sample containing 2% nano-silica within the presence
of wood ash, the effect of nano-silica is little when young, but resistance increases with
age. This increase is because of improved pozzolanic reaction. However, during
this study, the optimal amount of nano-silica is 1.5%. Windham and Vapilay also
investigated the results of nano silica [43], per their research, increasing nano silica
increases compressive strength and so decreases it. Therefore, 1.5% gives the very
best compressive strength. The rationale for this increase is that the hydration process of
tricalcium silicate (C3S)is quicker within the presence of nano-silica. The use
of carbonate nanoparticles has been explored, leading to improved mechanical strength,
impact resistance, and flexural strength [25].

Another study by Ehsani et al, combined carbonate particles with a carbon coating and
investigated the effect on the compressive strength of concrete [25]. This carbon coating
is the result of the soot-burning material being combined with lime milk in solution by
the reactor. Supported observations, we discover that his 3-day strength of calcium
carbonate-bearing concrete with nanocarbon coating shows a decrease in strength
compared to the quality sample, as an example, the tenth amount of cement by weight
reduces strength by approximately 15.6%. Studies have shown that as concrete ages, the
7-day strength of concrete increases in compressive strength compared to regular concrete
specimens. This increase occurs up to three of the burden of the cement, but as this nano
fraction increases, the sample undergoes a process of decreasing compressive strength at
7 days old. In addition to the self-cleaning properties of concrete.

Research has shown that the utilization of titanic oxide nanoparticles improves the
hydration rate and shortens concrete curing time [10]. Also, the employment of those
nanoparticles increases the flexural strength and compressive strength of concrete
showing the effect of adding titanium dioxide nanoparticles to the concrete itself [14],
[15]. The addition improves the microstructure of concrete and reduces internal voids in
concrete, which improves the mechanical properties and durability of concrete [9].

The addition of alumina nanoparticles to the concrete mixture significantly increases the
modulus of elasticity of concrete. Experience has shown that adding 10% aluminum
nanoparticles increases the modulus of elasticity of concrete by 153%, but has no
significant effect on concrete strength [16]. The theoretical and mathematical effects of
the addition of aluminum oxide nanoparticles on the hydration of concrete were
investigated, and it had been found that the addition of those particles reduced heat
release and accelerated the height release time of that heat [28].
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The addition of three by weight of corundum nanoparticles to concrete reduces heat
to release the foremost [28]. Theoretically and mathematically, the results of the
workability of modified concrete containing 0.5, 1.5, 0.5, and a pair of alumina
nanoparticles by weight of cement are studied, and also the results show that increasing
the number of alumina oxide nanoparticles decreases the workability of concrete. The
samples of concrete-containing nano-silica give better results than samples of concrete-
containing nano ferrite with an approximate rate of about 10%. The samples of concrete
containing granite give better results than similar-containing dolomite and also
the approximate rate of about 10%. The utilization of a superplasticizer was necessary for
the concrete mixes to boost workability [18].

Table 1. Effect of some important nano-particles on properties of concrete [39].
S/ Nanopartic
No. les used

Improved property of concrete

oContributes to reduced emissions of CO2, as the addition of 1 kg
micro silica reduced almost 4 kg cement, and this can be higher if
nano silica is used

1 Nano-silica | oOffers increased durability to concrete

olmproves compressive strength

olncreases the flexural strength,

olmproves the tensile strength

oDecreases the concrete’s final setting time,

oRestricts crack development and propagation at early ages,

oProduces dense concrete,

olncreased quality of bond interaction between aggregates and cement
Carbon paste

nanotubes | olncreases the compressive strength

olmproves the tensile strength, Young’s modulus, flexural strength,

and fracture toughness

oDecreases the required size of concrete structural members

oDecreases the early and long-term shrinkage of concrete

olncreases the abrasion resistance of concrete

olmproves compressive strength

olncreases the durability of concrete structures

4 Nano-TiO2 | olncreases the flexural strength

oSpeeds up the early-age hydration of ordinary

oPortland cement

oOffers self-sensing and self-cleaning properties to concrete structures

olmproves compressive strength
Nano-
5 Fe203 olncreases the_flexur_al strength
olmproves split tensile strength
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oReduces the setting time of fresh concrete
oDecreases the total porosity of concrete
olmproves concrete’s abrasion resistance
olncreased serviceability

Nano- olncreases the modulus of elasticity of concrete.
Al203 oReduced heat release

oAccelerated the height release time of the heat
Copper olmproves formability

7 nanoparticl | olncreases corrosion resistance

es

3. Effect of nanoparticles on physical properties of concrete

Compressive strength: Based on research, it can be said that nano silica (NanoSiO2) is
the most commonly used nanoparticle in a cement matrix, but there are other
nanoparticles such as NanoAl203, NanoTiO2, NanoFe203, NanoFe304, NanoClay,
NanoZrO2, etc. used. Adding 1, 3, and 5% NanoSiO2 and NanoTiO2 to regular concrete
showed a 12% increase in compressive strength for the sample containing 1% nano-silica
and an 18% increase for the sample containing 1% nano titanium dioxide. [13], [8].
Another study reported that Zr, Fe, Ti, and Al nano-oxides were used at 1.5 wt% of the
cementitious material in super-reinforced concrete, with the best improvement in
compressive strength of 55% for samples containing nano-alumina [27]. Adding 0.5 to
2% of nano-silica and nano-alumina and curing in both water and lime water showed that
in both cases nano-silica performed better than alumina, with similar results for the treated
samples [43]. In another study, nano-silica and micro silica were used in proportions of
1, 3, 5, and 7 in aerated concrete, and nano-silica had a much better effect. A sample
containing 7% nano-silica showed a 48% increase in compressive strength [38]. The use
of nano Fe>Os3 at a percentage of 1 to 5 provides the greatest improvement in compressive
strength (72% increase with 4% by weight) [30]. Nanosilica dioxide and aluminum are
used in ordinary concrete. The optimum percentage of these nanoparticles ware 3% by
weight of nano-aluminum oxide and 5% by weight of nano-silicon cement to improve the
maximum compressive strength of concrete, 8%, and 30%, respectively [5]. Another
study used polypropylene (PP) fibers in addition to nano-silica and nano-aluminum, and
the highest improvement was associated with 5% nano-silica, using 2% PP fibers by
volume of concrete. The amount of improvement was 31%, slightly greater than the
improvement of 5% silica without fibers [11]. The addition of nano-silicon dioxide in
amounts of 0.3 and 0.9% by weight of cementitious materials increased the compressive
strength of concrete by 9% and 12%, respectively [4]. Another study used 10% by weight
nano-silicon cement and showed an approximately 30% improvement in compressive
strength [41]. The use of 1% and 2% nano-silica also increased the peak compressive

115



strength of concrete containing 2% nano-silica with a water-to-cement ratio of 0.39 by
11% [3] in a review article [37].

The use of nano-silica in HPC (high-performance concrete) with body ash of 0%, 1%,
3%, 5%, 7%, and 9% and increasing the number of nano-silica up to five improved the
compressive strength of the samples up to 22% in 3 days old samples. And for above 5%
of nano-silica like with 7% and 9% of nano-silica, this improvement decreases [6]. In an
exceeding study on macro and micro characteristics of concrete through the
employment of carbon nanotubes of 0.3%, 0.5%, and 0.75% of the cement weight. The
results showed that carbon nanotubes could improve compressive strength by 12% [42].
The development of compressive strength of concrete at the age of three,7, and 28 days
showed a major increase. At the age of three days, the compressive strength of concrete
that contained nano silica increased between 3.82% - 11.84%; whereas, at the age of
seven and 28 days, the compressive strength of concrete with nano silica increased
respectively by 3.87% - 17.24% and 4.93% - 24.59%. The resulting
splitting enduringness ranges between 13.298 MPa — 19.918 MPa. there's a
powerful correlation between concrete’s splitting lastingness and compressive strength.
The splitting enduringness tends to  extend together with the rise of concrete’s
compressive strength [36].

Modulus of elasticity: The development of compressive strength of concrete at the age
of three,7, and 28 days showed a big increase. At the age of three days, the compressive
strength of concrete that contained nano silica increased between 3.82% - 11.84%;
whereas, at the age of seven and 28 days, the compressive strength of concrete with nano
silica increased respectively by 3.87% - 17.24% and 4.93% - 24.59% [36]. With the
addition of nano-silica and nano ferrite, the improving percentage of flexural strength and
modulus of elasticity of concrete reaches an approximate rate of about 23% and 25%,
respectively, with relevance to the control mixes. Increasing the number of NS and NF by
quite 3% and a pair of by weight degrades the compressive strength, splitting tensile,
flexural strength, and modulus of elasticity of concrete [18].

Durability: Nanosilica is capable of improving the durability of concrete. The rise of
10% nano-silica replacement within the resistance to sulfate attack is healthier than that
of 0% nano-silica [35]. In a study reviewed the employment of nanoparticle materials in
several styles of concrete was discussed, and conclusions are provided that nanoparticles
reduce the permeability of cementitious mixtures against chloride ions; thus, lower values
of chloride ion penetration are seen with the incorporation of nanoparticles. The inclusion
of nano-scaled particles improves the resistance against freezing and thawing. Using 5%
of nano-silica and three nano-alumina reduced the loss of compressive strength by
16.28% and 18.19%, respectively. Various kinds of nanoparticles impose different effects
on the shrinkage property of the mixture. The carbonation depth of concrete can obtain
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different values with differing types of nanoparticles. The microstructure of various
varieties of concrete is significantly enhanced by the addition of nanoparticles since
nanoparticles improve the hydration process by producing more hydrated products [29].
A study base on experimental results obtained that coal ash concrete containing NS
significantly improved the mechanical properties of concrete specimens relative to a
bearing concrete (without NS), which was because of the reaction of NS particles with
Ca(OH)2 at the ITZ to provide more C-S-H gel and therefore the densification of the
microstructure. However, the optimum amount for every mechanical property was
different; the splitting durability reached a maximum when the NS replacement level was
2%, and when the NS replacement level was 3%, the compressive and flexural strengths
reached their maximums. Adding NS particles can dramatically improve the impact
resistance at the primary cracking of the concrete; however, the speed from initial
cracking to failure was faster, and therefore the brittleness of the concrete didn't change.
After being impacted, the concrete specimens containing NS were divided into two halves
along the impact direction, and also the concrete specimens still exhibited brittle failures,
as in ordinary concrete. Compared with the control concrete, the low dosage of NS can
greatly ameliorate the concrete's chloride penetration resistance and freezing-thawing
resistance. At the two replacement levels, uniform dispersion of NS particles was easily
achieved. The development of the pore structures within the concrete and also the filling
effect of the NS were liable for the reduction within the chloride diffusion coefficient and
ameliorated the freezing-thawing resistance of the concrete [26]. The application of nano-
based concrete materials is beneficial concerning enhanced engineering properties of
cement materials, particularly for the production of sustainable as well as self-healing
concretes.

Density: Based on the results of the research conducted on concrete with the addition of
nano-silica as cement partial substitute material, the result is summarized that nano-
silica is in a position to extend the density and sturdiness of concrete. In an experimental
study adding nanoparticles of the dimensions of but 100 nm into the concrete mix. This
study evaluated the utilization of varied nanoparticles in concrete and so compared
them to standard concrete. Concrete containing nano silica and nano clay was compared
to concrete containing silica fume, fly ash, and slag. The results showed that the
microstructure of the nano-silica concrete was denser and more uniform than that of the
traditional concrete [24]. In an experimental study on mortar by adding TiO2
nanoparticles of 0.5%, 1.0%, 1.5%, and 2.0% of the cement weight were. the common
size of TiO2 nanoparticles was 15 nm. The research results at the age of seven days
showed that the nano-TiO2 paste was denser and more compact than that without nano-
TiO2 [21].
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Abrasion resistance: The use of nano SiOz, nanoTiO», and polypropylene (PP) fibers
shows that the lower usage levels of these nanoparticles have better effects on abrasion
resistance, and the addition of 1% titanium dioxide was better than 3% and 5%.
Improvements of 181%, 148%, and 90% were found, respectively, and the application of
1% nano-silica had a better effect on abrasion resistance than 3% nano-silica, respectively
[8]. Another study on Nano SiO; and Nano AlOs used 0.5-2 wt% in water and lime
water, and the abrasion resistance of nano silica was better than that of nano alumina. The
optimal amount of these materials is 2% by weight of the cementitious material [43].
Different percentages (4%, 8%, and 12%) of nano SiO; were added to the colloidal
solution, and different amounts (25%-50% at different times and numbers) were also used
as sprays 1 to 3 times. Treat with the colloidal solution for 28 days, then test or treat with
water and spray onto a clean surface. In each case it contained a higher amount of nano
silica of 50% and sprayed 3 times or 12% colloids (showed greater improvement in
abrasion tests) Treatment and spraying with colloids containing nanoparticles gave
abrasion resistance improvements of 42% and 32%, respectively [33]. The addition of
nanoSiO; and nano SiC in percentages of 1, 2, and 3 separately and in combination shows
that the optimal amount to improve the abrasion resistance in concrete is 2 and 3% by
weight of cementitious materials for nano SiO; and nano SiC, respectively (49 and 68%
improvement, respectively) and the combined mode is the answer better (75%
improvement) compared to the separate state [22].Comparison using 40% fine
nanoporous material or 5% nano-silica or a combination of 5% nano-silica and 25% fly
ash as alternatives to cement. It showed 20%, 16%, and 13% more abrasion resistance for
concrete and 82%, 73%, and 68% more abrasion resistance for mortar, respectively [31].
Resistance to permeability and water absorption: The use of silica and titanium
nanoparticles and PP (polypropylene) fibers in concrete improved the chloride
penetration resistance by 31% and 18% for samples containing 1% nano-titanium dioxide
and 1% nano-silica, while PP fibers negatively affected chloride penetration resistance.
Also in this study, samples with low levels of nanoparticles showed 1% better
improvement than samples with high levels of 3% and 5% against chloride penetration
[13]. NZrO2, NFe304, NTiO2, and HPC concrete with 1.5% nanoparticles of NAI1203,
80% improvement in water uptake from samples containing NFe3;O4 and NTiO2 and 70%
improvement in chlorinated NZrO2 penetration by NAI203 (70%) [27]. In a study on
aerated concrete, nano silica by 1%, 3%, 5%, and 7%, and micro silica by 3%, 5%, and
8% were used separately. Micro-silica had a better effect than nano-silica on permeability.
The addition of 8% micro-silica showed an improvement of about 25% and the addition
of 7% nano-silica also showed a permeability improvement of about 20% [38].
Nanohematite is equivalent to 4%, showing an improvement in water absorption of about
74% [30]. Nanoacids Al>O3, Fe>O3, Fe3O4, and nano clay showed positive effects on the
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water absorption of cement mortar, and the authors reported different optimal amounts
from 0.5% to 4%, depending on the type of treatment and other materials used in the
concrete mix [19]. Nano-silica, nano-alumina, and nano-hematite were put into two types
of mortar containing fly ash and silica foam separately, and the compound to be used and
its permeability and water absorption were investigated. The addition of 1.25% of nano-
aluminum oxide in a mortar containing silica foam has improved 29% of the permeability
[23]. Using 1.25% of the three mentioned nanoparticles as combinations described in a
fly ash-containing mortar increases the water absorption of the mortar by 14% [32]. Using
0.3% and 0.9% Nano SiO> also improves water permeability, so adding 0.3% nano-silica
increases the permeability of concrete by 56% [4]. In one study, two types of nano silica
were used, one with a fine particle size of 15 nm and the other with a large particle size
of 80 nm (each with a 4% difference) (0.5, 1, 1.5, and 2) are used. Water permeability
was tested and in the long run, larger nanoparticles showed a superior effect in improving
permeability (approximately 23% using 2% of the weight of coarse-grained nano-silica
cement) but in the short term, the effect of finer nanoparticles has been better [20]. Nano-
silica colloids were used in two different ways (spraying or treatment with nano-silica
colloids) to improve permeability, which is the best result for the case where samples
were applied in colloids containing 12% nano-silica and 31% improvement in water
permeability is shown. Also, the spray of a solution containing nano-silica at a
concentration of 50% increased the permeability by 12% [33]. In one study, the effects of
Nano SiO; on the mechanical properties and durability of concrete were examined in
various investigations [7]. Colloidal and powdery modes were used, and the addition of
3.8 wt% nano-silica improved the water permeability by 88% [12].

Frost Resistance: Frost resistance is one of the keys to the durability of concrete, and
one of the factors that affect the durability of concrete is the cycle of freezing and thawing.
Because the strength of concrete is directly associated with the security and performance
of the building structure, its mechanical properties are of concern. To make sure the
sturdiness of the building structure within the use of the method, frost resistance in the
real world is critical. Consistent with the freezing and thawing of M7.5 specimens, the
inner structure of the concrete after adding nanometer material was greatly improved, and
also the internal structure of the concrete was improved greatly. The pore size of 150mm
disappears from the concrete, greatly increases the interior density of concrete, and avoids
structural damage caused by hydrostatic theory and force per unit area theory. Xiaolin
Ren and Shunkai Li studied the identical similar comparison test. it was found that under
the condition of -10C° 25 times freeze-thawing was allotted, the incorporation of
nanometer material was 0.75% concrete strength loss was 3.2%, and also the reference
concrete loss rate was 8.6%, the nanometer material within the concrete, the frost
resistance of concrete is improved [36].
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4. Discussion

In recent times, advanced nanotechnology has been employed in various sectors for the
comfort and welfare of humanity. A majority of the nanostructure-based products applied
to date in the concrete sector have numerous advantages. There are several explanations
for accepting the fact that nanomaterial usage is rising. Innovative concrete structures
need structural components with superior properties, as well as higher durability. The best
solution is the incorporation of nanostructured materials in concrete mixes, which could
improve the concrete’s properties. It should also be noted that nanomaterials are still in
their developing stages, and they have many challenges and unsolved complications for
their huge commercial prospects.

Nanomaterials such as nano-silica, nano-TiO2, AI203, ZnO2, carbon nanotubes,
nanofibers, etc. have the capability for increasing the durability of concrete by improving
mechanical and thermal properties. The microstructures of various kinds of concrete are
remarkably improved by the inclusion of nanomaterials, as the nanomaterials enhance the
hydration process by generating more hydrated products. Incorporating various
nanomaterials into the concrete mixes decreased the setting time as well as workability,
which was due to the stronger reactivity of nanomaterials having a larger surface-to-
volume ratio. The decrease in workability of concrete with nanoparticles may
be compensated by using of superplasticizer in concrete mixes.

Improvement in compressive strength could be observed with an improvement in the
replacement ratio of nanomaterials. This was due to the improved hydration of a more
compacted microstructure with the incorporation of finely dispersed nanomaterials. With
the incorporation of a nanomaterial such as carbon nanotube (CNT), the concrete
compressive strength could be improved to 21%, and also it can result in a decrease in
the early as well as long-term shrinking of concrete of 54.0% and 15.0%, respectively.
Moreover, the CNT addition to concrete showed 17.0% to 18.0% reduced long-term creep
as compared to the concrete with no CNTs. Overall, it was noted that optimum
concentrations of nanomaterial incorporation in the concrete could enhance its flexural,
tensile, and compressive strength, along with workability and water absorption. With the
addition of nano-silica and nano ferrite, the improving percentage of flexural strength and
modulus of elasticity of concrete reaches an approximate rate of about 23% and 25%,
respectively, with relevance to the control mixes.

Nanomaterials could positively impact the increase in the sustainability and durability of
concrete. Nanosilica is capable of improving the durability of concrete. The rise of 10%
nano-silica replacement within the resistance to sulfate attack is healthier than that of 0%
nano-silica. Different nano-materials could improve the self-healing property of concrete
and will restore the weakened constructions in an advanced manner at a lesser expense,
relative to that accomplished by epoxy-containing healing products, therefore attaining
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ecological sustainability. The reaction of Nano-silica particles with Ca(OH)2 at the
ITZ provided more C-S-H gel and therefore the densification of the microstructure could
be obtained. The application of specific nanostructured materials could improve the
performance of concrete, as well as its life cycle.

Results have been showing that the nano-TiO2 paste was denser and more compact than
that without nano-TiO2. The nanomaterial-incorporated concrete could permit the
development of ultra-high strength concrete frameworks having higher durability, thereby
decreasing the maintenance needs.

It is extremely important to develop an advanced procedure to make sure the appropriate
nanomaterial dispersion in commercial-scale field applications. Effective dispersion of
nanoparticles is key to achieving the full benefits of adding nanoparticles in a
cementitious system.

A rise in the concentration of nanomaterial in the advanced smart nano-based concrete
structures greater than the optimum amount was demonstrated to show an adverse impact
on the strong performance and durability, which was mostly because of the less
compaction, nonuniform dispersion, and development of weaker sections in the concrete.
The optimum quantity of incorporated nanomaterials is very important. The optimum
addition of appropriate nanomaterial to the concrete can improve mechanical properties
such as tensile strength, compressive strength, flexural strength, and durability, etc. of the
concrete. For example, the use of nano SiO2, nanoTiO2, and polypropylene (PP) fibers
shows that the lower usage levels of these nanoparticles have better effects on abrasion
resistance. The optimal amount of these materials is 2% by weight of the cementitious
material. Freeze—thaw resistance and abrasion resistance of the concrete can also be
improved with the addition of nano-silica to the concrete mix. The use of silica and
titanium nanoparticles and PP (polypropylene) fibers in concrete improved the chloride
penetration resistance by 31% and 18% for samples containing 1% nano-titanium dioxide
and 1% nano-silica, while PP fibers negatively affected chloride penetration resistance.
Colloidal and powdery modes were used, and the addition of 3.8 wt% nano-silica
improved the water permeability by 88%. In a study, it was found that under the condition
of -10C°, 25 times freeze-thawing was allotted, the incorporation of nanometer material
0.75% concrete strength loss was 3.2%, and also, the frost resistance of concrete is
improved.

Nano-materials can offer concrete structures with self-sensing and self-cleaning abilities.
However, the concentration of the nanomaterial present in the concrete should be in a
very limited quantity.
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5. Findings

The main finding of this paper indicates that the properties of concrete can be significantly
improved with the incorporation of various types of nanoparticles.

The application of nano-based concrete materials is beneficial concerning enhanced
engineering properties of cement materials, particularly for the production of sustainable
as well as self-healing concretes.

It was noted that the nanostructured materials have a higher capability in smart
infrastructure applications with superior strength concrete frameworks.

The nanomaterials improve the properties of concrete by the addition of an optimum
quantity of incorporated appropriate nanomaterial to the concrete.

6. Future Recommendations

The dispersion of the incorporated nanoparticles is one of the main challenges regarding
the use of nanoparticles in the concrete matrix. Thus future studies should focus on
finding innovative methods to provide a uniform dispersion of nanoparticles and avoid
the formation of agglomerates.

The workability of nanoparticle-induced concrete is recommended. So, research can be
performed to obtain the optimum amount of required superplasticizer.

Using nanoparticles in fewer amounts accompanied by waste materials such as plastic
aggregates or plastic fibers can be an attractive research study. Further research can be
made on the properties of cement-based materials containing both nanoparticles and
waste plastic materials to examine long-term properties and improve sustainability. This
topic is essential regarding environmental issues due to the accumulation of waste plastic
materials.

It is advised to substitute the conventional ordinary Portland cement-based concretes with
functional/smart nano-concrete structures for sustainable development.

It was noted that nanomaterials can play an important role in the development of
construction materials, and thus proper understanding of these nanomaterials is extremely
important. Along with the substantial advancement of nanomaterials in different
applications, it should also be noted that nanomaterials are still in their developing stages,
and they have many challenges and unsolved complications for their huge commercial
prospects. Thus, an investigation can be made to further understand the properties of
nano-concretes.

The lack of information on nanomaterial toxicology topics and a tendency to disconnect
from prevailing research and development is a significant blockade for its development,
to suppress these types of restrictions, organized construction sector-strategic policies
should be followed to benefit from the nanomaterials to attain reasonable benefit in
particular application extents and the product categories.
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7. Conclusion

In this study, the effectiveness of nanoparticles on concrete’s performance is discussed,

and the following conclusions were drawn:

1)Based on the research, it can be said that nano silica (nanoSiO») is the most commonly
used nanoparticle in a cement matrix, but there are other nanoparticles such as nano
ADOs3, nanoTiO2, nanoFe>O3, nanoFe3O4, nano clay, nanoZrO> carbon nanotubes,
nanofibers, and carbon nanofibers.

2)Nano-silica had a much better effect than micro-silica.

3) The nanoparticles improve the strength of concrete. There is a strong correlation
between concrete’s splitting tensile strength and compressive strength. The splitting
tensile strength tends to increase along with the increase of concrete’s compressive
strength.

4) The addition of nanoparticles to concrete improves the flexural strength and modulus
of elasticity of concrete, as with the addition of nano-silica and nano ferrite the
improving percentage of flexural strength and modulus of elasticity of concrete reaches
the approximate rate of about 23% and 25%, respectively.

5)Nanoparticles are capable of improving the durability of concrete. They increase the
resistance to sulfate attack, reducing the permeability of concrete mixtures against
chloride ions; improve the resistance against freezing and thawing; reduce the loss of
compressive strength; the various types of nanoparticles impose different effects on the
shrinkage property and carbonation depth of concrete mixture; the microstructure of
different types of concrete is significantly enhanced upon the addition of nanoparticles.

6) Concrete with the addition of nanoparticles as cement partial substitute material
showed that the microstructure of the nanoparticles' concrete was denser and more
uniform than that of the conventional concrete.

7)Nanoparticles were added to the concrete mixture, they improved its abrasion
resistance. The use of nano Si0», nanoTiO», and polypropylene (PP) fibers shows that
the lower usage levels of these nanoparticles have better effects on abrasion resistance.

8)Nanoparticles added to concrete mixtures greatly increase the internal density and
resistance to permeability and reduce the porosity of concrete thus the frost resistance
and resistance to freezing and thawing are improved. In order ensures the durability of
concrete.
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