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Abstract: In recent years, the addition of nanometer mate-
rials to concrete materials has attracted a group of increas-
ing number of scholars’ research interests, and nano-SiO2
is one of the research hotspots. In this paper, we briefly in-
troduce the influence of nano-SiO2 on setting time, slump,
shrinkage, durability and mechanical properties of con-
crete. In addition, this review also includes themicrostruc-
turemeasured by scanning electronmicroscope (SEM) and
the content of various hydration products obtained by X-
ray diffraction (XRD). The result shows that the setting
time of nano-SiO2 concrete is shortened, the slump is re-
duced and the shrinkage is improved owing to the high
activity and nucleation of nano-SiO2. The improvement
effect of nano-SiO2 on concrete is remarkable, especially
in the aspect of enhancing the durability of concrete. It
should be noted that nano-SiO2 shows limited improve-
ment in the mechanical properties of concrete. In the end,
this literature summary explains the macro performance
of nano-silica modified concrete through microstructure.

Keywords: nano-silica modified concrete; setting time;
slump; shrinkage; durability; mechanical properties

1 Introduction
Concrete is one of the most important materials in mod-
ern civil engineering structures. Apart from meeting the
requirement of high compression and tension-resistance,
concrete is easy to construct, and its high strength, tough-
ness and impermeability can maintain for a long time.
Nano-silica modified coating is applied on the surface
of concrete, which can prevent the degree of carboniza-
tion of concrete. The reason is that the nano-SiO2 parti-
cles reduce the microscopic defects in the concrete and
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the damage to the polymer molecules caused by ultravio-
let rays [1]. Ma et al. [2] found that within a certain dose
range, the mass of hydrated calcium silicate gels (C-S-H)
and ettringite crystal (AFt) gradually increasedwith the in-
crease of nano-SiO2 content. The incorporation of nano-
SiO2 can optimize the pore structure of recycled aggre-
gate concrete and limit the diffusion capacity of chloride
ions [3]. Adding nano-SiO2 to the cementing system can ac-
celerate the early hydration of concrete, which is very ben-
eficial for strengthening the early strength of concrete [4].
Li et al. [5] tested the flexural strength of the composite
through a three-point bending test. With the incorpora-
tion of nano-SiO2, the bending strength of the composite
was increased, but its brittleness was also increased. Al-
though the addition of nano-SiO2 particles does not sig-
nificantly improve the mechanical properties, it can dra-
matically reduce the penetration of chloride ions and help
to prevent the corrosion of steel bars in concrete [6]. Sur-
face protection materials can be prepared by using nano-
SiO2 and silica fume modified mortar. When this material
is coated on the concrete surface, the concrete shows good
impermeability [7]. Nano-silica particles are also valuable
in enhancing the strength of mortar, because nano-SiO2
can not only fill the pores in the matrix, but also act as an
activator to promote pozzolan reaction [8]. The synergy ef-
fect of nano-SiO2 and silica fumemakes the concretemore
dense and dense and also makes up for insufficient sil-
ica fume activity [9]. Prashanth et al. [10] demonstrated
the positive effects of adding nano-SiO2 to concrete. The
size and distribution of pores in Nano-silica modified con-
crete show that nano-SiO2 helps to finely divide the pore
size and reduce the permeability of concrete. The weak-
est area in concrete is the interface between the cement
matrix and the aggregate. Adding an appropriate amount
of nano-SiO2 to the concrete can enhance the interface
strength and refine the pores, which can effectively reduce
the water permeability of concrete [11]. Nano-silica can
also optimize the microstructure of recycled concrete. Sil-
ica particles promoted the hydration reaction to produce
more dense gel materials, which can improve the interface
strength between waste concrete and cement slurry [12].
Singh et al. [13] compared the improvement effect of col-
loidal nano-SiO2 and powdered nano-SiO2 on themechan-
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ical properties of concrete, and found that powdered nano-
SiO2 promoted the generation of more C-S-H in mortar.
Therefore, nano-SiO2 powder is more effective to improve
the mechanical properties of concrete. The pore volume
of cement slurry prepared by replacing part of cement
with nano-SiO2 can be reduced by 13.4%, and it does not
adversely affect for the porosity and permeability of ce-
ment slurry [14]. Chen et al. [15] investigated the axial com-
pressive properties of nano-SiO2-reinforced concrete filled
round stainless steel short columns. It was found that the
influence of nano-SiO2 dosage on the axial bearing capac-
ity of nano-SiO2-reinforced concrete filled round stainless
steel short columnswas discrete.When the nano-SiO2 con-
tent was 1%, the axial bearing capacity was highest. Lin
et al. [16] found that the number of freeze-thaw cycles
had little effect on the bearing capacity of circular nano-
silica concrete filled stainless steel tube stub columns. He
et al. [17] found that the load bearing capacity and initial
stiffness increasedas thenano-silica concrete compressive
strength of the specimens increased.

2 Properties of nano-SiO2

Nano-SiO2 is a white fluffy powder composed of high pu-
rity amorphous silica powder. Because of its small particle
size, nano-SiO2 had the advantages of large specific sur-
face area, strong surface adsorption, large surface energy,
high chemical purity and good dispersion. Nano silica
played an irreplaceable role in medicine, physics, chem-
istry and biology and other fields because of its unique
properties [18–53]. According to the different hydrophilic-
ity of nano-SiO2, it can be divided into hydrophilic nano-
SiO2 and hydrophobic nano-SiO2. Among them, the nano-
SiO2 used in concrete was mainly hydrophilic nano-SiO2.
This was mainly due to the good dispersion of hydrophilic
nano-SiO2 in water. The particle size of nano-SiO2 used in
the experiment is mainly about 15 nm.

3 Setting time
As for the measurement of setting time, scholars at domes-
tic and foreign mainly use Vicat method needle to deter-
mine. The initial setting time of different types of concrete
was about 4-7 hours, and the final setting time was about
6-10 hours, as shown in Figure 1. By comparison, it was
found that the addition of Nano-SiO2 helped to reduce the
setting time of concrete [54]. Ltifiy et al. [55] also found a
similar rule. Figure 2 shows the coagulation time of the

Figure 1: Final setting time of different cement grouts [54]

Figure 2: Evolution of setting time [55]

mixture measured in the experiment. This is because the
addition of nano-materials accelerates the hydration of tri-
calcium (C3S) silicate and dicalcium silicate (C2S), which
accelerates the formation of C-S-H gel, thereby shorten-
ing the setting time of the sediment [56, 57]. Compared
with the control concrete, the initial setting time and fi-
nal setting time of the mixture with nano-SiO2 content of
1.0% were reduced by about 20 minutes. However, when
the silica content is 2%, the initial setting time and fi-
nal setting time of the cementitious materials were short-
enedby90minutes and 100minutes, respectively [58]. The
specific surface area of nano-SiO2 particles with smaller
size is larger. Along with the addition of nano-SiO2 parti-
cles, the solidification time was greatly shortened. The de-
creased of nano-particles size made its surface energy in-
creased [59, 60].



564 | C. Zhuang and Y. Chen

4 Slump
Slump denotes the average diameter of the concrete after
releasing the standard slump cone, and is one of the impor-
tant indexes to measure the plasticizing performance of
concrete [61]. Björnström and Quercia et al. [62, 63] found
that the slump value of Nano-silica modified concrete is
between 80mm-100mm, which is 40%–60% lower than
that of ordinary concrete. A small amount of water was
observed to bleed out from the fresh concrete during the
slump test [64, 65]. When the cement is replaced with
nano-SiO2, the nano-SiO2 has super high reaction capac-
ity because of its high specific surface area and a large
number of unsaturated bonds, which makes it easier to at-
tract surroundingwatermolecules to formchemical bonds.
Therefore, there is no water segregation or obvious exuda-
tion from the mixture with nano-SiO2 [13, 66–68]. Beigi et
al. [69] also hold that because the specific surface area of
silica particles is larger than that of cement, and it absorbs
more water and reduces the slump of concrete. According
to Li et al. [70], when the nano-particles are uniformly dis-
persed in the concrete matrix, the hydration products of
the cement contain huge surface energy during the hydra-
tion process. These hydrates accumulate around the nano-
SiO2 dioxide with the n nano-SiO2 dioxide particles as the
core. Because of its high activity, nano-SiO2 can further
promote the hydration process. Therefore, in order to en-
sure the workability of concrete, an appropriate amount
of high-efficiency water reducing agent should be incorpo-
rated to the concrete.

5 Shrinkage of concrete
Shrinkage is a common phenomenon in cement-based
grouting, which is caused by water loss. Shrinkage leads
to the development of cracks and further affects the bond
strength between aggregates. Wang et al. [71] found that
the incorporation of nano-SiO2 improved the shrinkage of
lightweight aggregate concrete, especially the later shrink-
age of lightweight aggregate concrete. Li et al. [54] tested
the shrinkage of different cement pastes, and found that
the shrinkage of cement increased with the increased of
cement curing age. The shrinkage of cement paste after 28
days is 0.28%-0.70%. The hydration of C2S and C3S in ce-
ment was continuously promoted due to the high activity
of nano-SiO2, and the compactness of concrete was con-
stantly improved. As a result, the cement slurry continues
to shrink.

6 Durability properties
Said et al. [72] measured the penetration depth of chloride
ion by colorimetry, and found that the penetration depth
of chloride ion in concrete with 6%nano-SiO2 content was
lower than that in concrete without nano-SiO2. Further-
more, as the silicon oxide content increased, the charge
and physical penetration depth decreased. Under the pres-
sure of 0.5 MPa, the penetration depth of concrete with a
nano-SiO2 content of 3.8% was less than 5 mm. Although
the total porosity did not changemuch, nano-SiO2 divides
the larger pores in the concrete into smaller pores, which
greatly improved the permeability of the concrete. This in-
dicates thatNano-silicamodified concrete hadgreat poten-
tial in improving the permeability resistance [73]. When
nano-SiO2 and fly ash are mixed into the fresh concrete
at the same time, the pore size in the concrete becomes
smaller and the porosity decreases after a short time of
curing. One reason is the high activity and nucleation of
nano-SiO2 and the secondary hydration promoted by fly
ash. Another reason is the filling effect of nano-SiO2 and
fly ash. Moreover, as the curing time increases, the pore
size of all types of concrete samples decreases [74]. By test-
ing the durability of concrete with nano-SiO2 content of
0.3% and 0.9%, it was found that low-dose of nano-SiO2
can also provide excellent impermeability, because small
doses of nano-SiO2 are more easier to disperse [75].

7 Mechanical properties

7.1 Compressive strength

The addition of nano-SiO2 is beneficial to the compressive
strength of concrete. The compressive strength of nano-
SiO2 modified concrete increases with increased nano-
SiO2 content toward the threshold content. Above the
threshold value, a higher amount of nano-SiO2 leads to a
decrease of the compressive strength. Nano-silica concrete
with a nano-SiO2 content of 1.5% provides the highest
compressive strength. The compressive strength of Nano-
silica modified concrete increases by 16%-25% at 7 days
and 12%-17% at 28 days, compared with ordinary concrete.
The main reason for the improvement of concrete com-
pressive strength is the pozzolanic reaction from nano-
SiO2 and calcium hydroxide, which promotes the forma-
tion of hydrated calcium silicate. However, concrete with-
out nano-SiO2 canonly rely on cement tohydrate to a small
amount of calcium silicate hydrate. Hydrated calcium sili-
cate is one of the important elements that provide strength.
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Therefore, the compressive strength of concrete without
nano-SiO2 is low [76, 77]. Jalal and Abdellahi et al. [78, 79]
found that the early strength improvement effect of Nano-
silica modified concrete is more obvious, which was due
to the higher pozzolan activity of nano-SiO2 particles [80–
83]. However, with the delay of the curing time, the nano-
SiO2 particles used for pozzolanic reaction gradually de-
creased, which led to a reduction in the later-stage com-
pression improvement effect of Nano-silica modified con-
crete [84–90].

Ibrahim et al. [91] studied the compressive strength of
nano-SiO2 concrete after high temperature treatment. The
experimental results showed that the concrete containing
nano-SiO2 had a more prominent effect on the improve-
ment of compressive strength at 400°C. This is because
when the temperature reached 400°C, more high-density
calcium silicate hydrate was produced in the concrete ma-
trix and the reaction activity of nano-SiO2 was improved,
which promotes its hydration process and increases the
compressive strength of concrete.

7.2 Flexural strength

The flexural strength of Nano-silica modified concrete
showed a similar trend to compressive strength. Due to dif-
ferentwater-cement ratios, there are also differences in the
optimal content of nano-SiO2, which resulted in different
effects on improving the flexural strength of concrete [92–
97]. Ltifiy et al. [55] found that when the nano-SiO2 con-
tent increased from 3% to 10%, the flexural strength of
the mortar increased. Rong et al. [76] found that when the
nano-SiO2 content was 3%, the nano-SiO2 modified mor-
tar provided the highest flexural strength at curing for 3
days, 7 days, 28 days and 90 days. Figure 3 shows the flex-
ural strength of themortar at 3 days, 7 days, 28 days and 90
days. Li et al. [98] found that the optimal content of flexu-
ral strength of UHPC was 1.0%. When the water-binder ra-
tio was 0.16, the flexural strengths of UHPC were 23.2 MPa
and 25.8 MPa at 7 days and 28 days, respectively. Wu et
al. [99] studied the flexural strength of nano-SiO2 carbon
fiber-reinforced concrete (NSCFRC) at 25∘C, 375∘C, 575∘C
and 775∘C. It is found that NSCFRCprepared of 1wt%nano-
SiO2 and 0.15vol% carbon fiber provided the highest flex-
ural strength at room temperature, and the residual flexu-
ral strength of NSCFRCwith different content of nano-SiO2
is improved to different extent than that of carbon fiber
concrete (0.15% carbon fiber) at 375∘C, 575∘C and 775∘C.
This shows that the improving effect of nano-SiO2 on the
flexural properties of carbon fiber reinforced concrete af-
ter high temperature treatment is very significant. Beigi et

Figure 3: Flexural strength of UHPCCs at different curing ages [76]

al. [69] found that the optimal content of nano-SiO2 was
4%. Compared to ordinary concrete, the flexural strength
of concrete with 4% carbon fiber content was increased by
40%.Whennano-SiO2was synergisticwith different fibers
(0.3% steel fiber, 0.2% polypropylene fiber and 0.2% glass
fiber), the bending strength of nano-SiO2 modified fiber
reinforced concrete increased by 67%, 53% and 75%, re-
spectively, compared to that of ordinary concrete. This is
mainly because the nano-SiO2 filler and pozzolanic effect
improved the structural properties and adhesion between
the fiber and the interface region.

7.3 Split tensile strength

As expected, nano-SiO2 can improve the split tensile
strength of concrete. By testing the splitting strength of dif-
ferent particle size nano-SiO2 dioxide added to concrete,
Alireza khaloo et al. [80] found that the improvement ef-
fect of 12 nm nano-SiO2 on the splitting tensile strength of
concrete was stronger than that of 7 nm nano-SiO2. They
detected that nano-SiO2 with lower specific surface area
was easier to disperse inwater. Fallah et al. [100] tested the
splitting tensile strength of nano-SiO2concrete. When 3%
nano-SiO2 replaced cement, the tensile strength of Nano-
silicamodified concretewas improved by 16.10% than that
of ordinary concrete. Compared with the addition of nano-
SiO2 into concrete, the strengthening effect of adding silica
fume on the splitting tensile strength of concrete wasmore
effective.

Compared to the ordinary concrete, the split tensile
strength of nano-SiO2 modified concrete with 4% nano-
SiO2 was increased by 35%.When 4%nano-SiO2 was used
together with 0.3% steel fiber, 0.2% polypropylene fiber
and0.2%glass fiber, the split tensile strength of nano-SiO2
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(a) (b)

Figure 4: SEM micrographs of control group concrete: (a) 10,000× and (b) 5000× [102]

(a) (b)

Figure 5: SEM micrographs of paste containing nano-SiO2 particles 10,000× and (b) 5000× [102]

(a)Micro shape and appearance of reference test piece
(28d)

(b)Micro shape and appearance of test piece with nano-
SiO2 (28d)

Figure 6:Micro shape and appearance of different test piece [103]
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(a) Interface of pure grout test piece (b) Interface of pure grout test piece

(c) Interface of test piece with nano-SiO2 (d) Interface of test piece with nano-SiO2

Figure 7: Interface of different test piece [103]

modified carbonfiber concrete increased by 90%, 57%and
77%, respectively, compared to the control concrete. The
reason for this phenomenon is that nano-SiO2 improves
the interface strength between the concrete matrix and
the aggregate [69]. Adding nano-SiO2 to concrete not only
plays a nano-reinforcement role, but also acts as a filling
agent, which fills the pores in the concrete matrix [56, 101].

8 Microstructure

8.1 Scanning electron microscope

The effect of nano-SiO2 on the durability, rheological prop-
erties and mechanical properties of concrete can be ex-

plained by microstructure. Figures 4 and 5 are the SEM of
nano-SiO2 modified mortar and the control group, respec-
tively. It was found that the addition of nano-SiO2 affected
the hydration process of the concrete matrix [102]. By com-
paring the microstructures of Nano-silica modified con-
crete and control group concrete, it was found that nano-
SiO2 not only filled the gaps between the particles in the
concrete matrix, but also promoted the chemical reaction
and also generates C-S-H gel to fill the pores of the con-
crete slurry. That is why the micro silica fume improved
the durability and mechanical properties of concrete. Fig-
ures 6 and 7 showed the interface of the sample contain-
ing nano-SiO2. It can be seen from the figures that the
concrete without nano-SiO2 wasmore likely to form larger
crystals and pores, and the whole structure was more in-
compact. When nano-SiO2 was added to concrete, the size
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(a)WPC (b)WNS15

(c) Hydration for 1d (d) Hydration for 28d

Figure 8: XRD patterns [56]

of pore and crystal becomes smaller, and the coupling be-
tween the crystals becomes tighter, which makes the mi-
crostructure more compact [103–106]. Ghafari et al. [107]
also found that the structure of concrete was more opti-
mized with the addition of nano-SiO2. As the content of
nano-SiO2 increased, the volume of capillary pores in the
concrete matrix decreased continuously.

8.2 X-ray diffraction (XRD)

Zhang et al. [56] tested the product in cement slurry by X-
ray diffraction. It can be seen from Figure 8 that one day

later, the peak of portlandite (CH) in cement slurry with
nano-SiO2 was higher than that in ordinary cement slurry.
However, the silicate peak was decreased significantly at
28 days. This indicates that the high activity of nano-SiO2
consumed part of the silicate in the process of promoting
hydration. Rong et al. [76] found that when the hydrogel
was relatively low, themixture contained a large amount of
unhydrated cement before 7 days. After 7 days, the content
of major hydration products changed slightly, and among
them, the content of calcium hydroxide is very small. As
time and the content of nano-SiO2 increase, the content
of calcium hydroxide decreased. The reason is that nano-
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SiO2 promotes the reaction between calcium hydroxide
and pozzolanic materials.

9 Nano-silica challenges
Nano concrete shows excellent performance because
nano-SiO2 has a large surface area. At the same time, some
problems in the research have also received the attention
of scholars. For example, although high specific surface
area makes concrete show more excellent performance,
nano-SiO2 aggregates because of its high specific surface
area,which affects the dispersion effect inwater. The intro-
duction of ultrasonic technology improves the dispersion
of nano-SiO2 in water, but it is still an important direction
of improving the dispersion effect of nano-SiO2 [108]. In
addition, the colloidal silica sol containing monodisperse
nanoparticles is easy to form floccules and coatings on the
surface of cement particles after combining with cement.
These floccules can retain more free water, which is more
obvious than the improvement of the hydration effect of
nano-SiO2. Therefore, the application of colloidal silica sol
in concrete deserves attention [109, 110].

10 Conclusion
The effects of nano-SiO2 on the setting time, slump, shrink-
age, durability, and the mechanical properties of concrete
are described in detail in the review, and the strengthen-
ing mechanism of nano-SiO2 is explained by microstruc-
ture. Reviewing the previous research on nano-SiO2 con-
crete, the following conclusions can be drawn:

1. When nano-SiO2 is used to replace part of the ce-
ment, the high activity of nano-SiO2 helps to pro-
mote the hydration reaction of concrete, which
shortens the setting time of nano-SiO2.

2. Nano-SiO2 has a large specific surface area because
of its small particle size. In the process of concrete
mixing, a large number of unsaturated bonds pro-
mote the nano-SiO2 to absorbmorewatermolecules,
which leads to the decrease of concrete slump.

3. On one hand, nano-SiO2 promotes the degree of hy-
dration of concrete, making the concrete matrix to
produce more C-S-H gel, which fills the pores in the
concrete matrix. On the other hand, inactive nano-
SiO2 plays a filling role. Nano-SiO2 can reduce the
pore volume and make the concrete more compact

through these two aspects. Therefore, nano-SiO2
modified concrete exhibits excellent durability.

4. Nano-silica has higher pozzolan activity. In the early
stage, the early strength improvement effect of nano-
SiO2 concrete is more obvious due to the more suf-
ficient pozzolanic reaction. As the curing time in-
creases, the nano-SiO2 particles become smaller
and the pozzolan response becomes weaker. There-
fore, the improvement effect of nano-SiO2 on con-
crete strength in the later period is reduced.

5. The incorporation of nano-SiO2 resulted in changes
in the content of hydration products generated dur-
ing the hydration process, etc. For example, silicate
content decreased and hydrated calcium silicate gel
increased, etc. The changes of these hydration prod-
ucts content optimized the microstructure of con-
crete and made the concrete more compact. The
changes of these surround layers led to changes in
macroscopical performance.
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