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Nano technology is increasingly being used in concrete industry, and in particular
the use of nano silica particles in cementitious materials is becoming more popular
to improve concrete properties. This paper deals with studying the influence of
replacing a portion of cement with either nano silica NS, micro silica MS, or a
combination of both, on the strength properties (compression, tension and abrasion)
of the cementitious mortars produced. Micro-silica particles are altered from 0, 5
and 10% while nano-silica particles are altered from 0, 0.5 and 1.0%. The paper
reveals the method of mixing nano particles to prevent agglomeration and achieve a
homogeneous mix so that the nano particles are well dispersed throughout the
mortar matrix. Results indicate that incorporating a combination of both micro and
nano particles improve the mechanical properties of the mortar matrix. Where
compression improved by approximately 39% for 10% micro silica plus 1% nano
silica. Tensile strength also improved by 19% for 5% micro silica plus 0.5% nano
silica. While the abrasion resistance showed an exceptional improvement of 92%

for 10% micro silica plus 1% nano silica.

1. Introduction

Nanotechnology is a rapidly growing feature in
many fields of science and engineering. It allows for
designing materials according to need hence it has
great impact and possesses high marketing potential.
There is a highly increasing need for research and
exploration in implementing nano technology in the
field of construction. Recently the last few decades,
researchers have applied different nano particle
materials to cements and concrete in order to measure
and assess the performance of nano particles in the
field of building construction [1]. In concrete
industry, nano silica is the most broadly used material
as a partial replacement for cement in effort to
improve concrete performance [2]. The objective of
this paper is to study the effect of implementing
either nano silica or micro silica or a combination
both on the mechanical properties of cement mortars.

*Corresponding athor. Tel.: 01067985560
E-mail address: louayabdelrazek@yahoo.com

Both nano and micro particles have a favorable so
where these fine particles reside in the larger
interparticle cement voids leading to denser structure.
Combined replacement of nano and micro particles of
different supplementary cementitious admixtures has
been investigated by many researchers [3-5].
Previously, (MS) micro silica is an amorphous non-
crystalline polymorph of silicon dioxide (SiO;) form
of pozzolan. It possesses a high specific surface area
that allows for its great pozzolanic activity, where it
has been applied to concrete and has improved the
mechanical properties of hardened cement mortar [6].
Nowadays, nano silica which is an amorphous silicon
dioxide (SiO,) core with a hydroxylated surface form
of pozzolan. Having an ultra-high specific area which
allows for an even better void filling ability, hence
improving the cement paste microstructure, favorably
enhancing both plastic and hardened characteristics
[7,8]. On the mortar level, micro and nano silica
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cement mortars are highly superior to traditional
cement mortars when mixed and cured under high
temperatures [1, 9]. Comparing cement mortar of
micro silica to those of nano silica indicates that nano
silica is more valuable in providing strengthen to the
mortar than micro silica [10]. Nano silica particles
are much finer than micro silica which further
increases the surface area of the reactive powders of
the mix but they also result in a rapid decrease in
consistency and workability [11]. The effect of nano
particles varied according to its method of
incorporation in the mix, whether by addition or by
replacement. Also, the method of mixing either wet
or dry has a noticeable effect on the mechanical
properties of concrete [12]. Accordingly, for best
results it is recommended to use ultrasonic
technology under high temperatures to achieve very
effective dispersion of the nano silica particles
throughout the mortar matrix. Resulting in better
homogeneity of the mix and superior mechanical
strength and superb durability resulting in ultra-high
strength and performance concrete [13-15]. This
experimental investigation aims to determine the
influence of micro silica, nano silica or a combination
of both (as a partial replacement of cement) on the
mechanical properties of the produced mortar.

2. Experimental Program

The details descriptions of the materials used
through this investigation include; cement, fine
aggregate, micro-silica, nano-silica, and chemical
admixture (super plasticizer) are presented.

2.1. Materials properties
2.1.1 Cement

Ordinary Portland Cement (OPC) Type | (CEM I
52.5 N) produced by Bani Sweif cement factory is
used in this study according to the Egyptian standard
specification of Cement (4756-1/2009) [16].

2.1.2 Fine Aggregates

All aggregates used in this research are locally
available from quarries in the Arab republic of Egypt.
The fine aggregate used for all mortars is clean, dry
standard sand (passing 0.85 mm and retaining 0.60
mm) which complies with (ASTM C109) [17],
(ASTM C190) [18], and (ASTM C418-20) [19].
Other physical properties include the specific gravity

of 2.57, finest modulus of 3.11, and dry unit weight
of 1.78 t/m®.

2.1.3 Mineral Admixtures (Pozzolans)
2.1.3.1 Micro Silica

Micro silica used in this research as a mineral
admixture is imported from Belgium by Cementrac
Cement Company. Physical properties and shape of
MS are stated in the data sheet (Table 1 & Fig. 1).

2.1.3.2 Nano Silica

Nano silica consists of a silicon dioxide with purity
99.8 % is a product of the Nano Science and
Technology Institute Kafr EI-Sheikh University.
Physical properties and shape are stated in the data
sheet (Table 1 & Fig. 1).

Table 1: The physical properties of the used micro silica and nano
silica.

Property Micro silica Nano silica
Silicon Oxides 97 % 99.8 %
Surface Area
5 170000 240000
(cm</gm)
. . 1.0 -2.0pum 5-20nm
Particle Size _6 o
1.0-2.0x10° m 5-20x10° m
Specific Gravity 2.20 2.40
Unit Weight
. 345 505
(Kg/m’)
Color Grey White

a) Micro Silica Particles

b) Nano Silica Particles

Figure 1. Transmission Electron Microscope TEM
Images of Micro and Nano Silica.

2.1.4 Chemical admixture (Super plasticizer)

A high range water reducer super plasticizer
concrete admixture Sikament-NN is used in this

work; it is a third-generation super plasticizer

consisting of Naphthalene base Sulphonate which is
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used for producing high and ultra-high strength
concretes and mortars. It has a density of 1.185 kg/lit,
a Ph value of 8, and it meets the requirements for
super plasticizers according to (ASTM C494) [20]
Type A & F and EN 934-2:2001. The used dosage of
super plasticizers was maintained constant at 2.5 %
by weight of cement for all mixes.

3. Test Specimens

Several mixes are investigated altering the percent
of replacement of either nano silica or micro silica or
a combination of both. Mortar cubes 7 X 7 X 7 cm in
dimension are for compression test, mortar briquettes
of width 2.54cm and depth 2.54cm are for tension
test, and short cylinders of diameter 3 cm and height
4 cm for abrasion test (Fig. 2). The experimental
program (Table 2) includes nine mixes that were all
designed based on the absolute volume of the
constituent materials in a saturated surface dry
condition. The mixes include a control mix (MONO)
without any mineral admixture additives. Two other
mixes (M5NO & M10NO) consist of cement replaced
by 5 and 10 percent of micro silica without nano
silica. Another two mixes (MONO0.5 & MON1.0)
consist of cement replaced by 0.5 and 1.0 percent of
nano silica without micro silica. These previous
mixes illustrate the effect of replacing cement by
either micro or nano silica alone without their
combined effect. Another four mixes include
different combinations (M5NO0.5, M5N1.0, M10NO.5,
& M10N1.0). Where the first (M5NQ.5) consist of
5% micro-silica and 0.5% nano silica, the second
(M5N1.0) consist of 5% micro-silica and 1.0% nano
silica, the third (M10ONO.5) consists of 10% micro
silica and 0.5% nano-silica, and the fourth
(M10N1.0) consists of 10% micro silica and 1.0%
nano silica. These four mixes illustrate the combined
effect of replacing the cement with a combination of
both micro and nano silica. The cementitious content
of all mixes is maintained constant using a constant
dose of 25% high range water reducer
(superplasticizer) by weight of cementitious materials
along with a fixed 0.4 water/cementitious ratio.
Mechanical properties of cement mortars are
dependent on many parameter, and according to the
previous literature properties are influenced by the
water/cement ratio (W/C) [21], aggregate/cement
ratio (A/C) [22,23], age [24,3], and admixture dose
[25,26].

Table 2: Test program and contents of mixtures

Binder Replacement % of Micro silica
0% 5% 10%
MONO M5NO M10NO
.S 0% 100%0PC 95%0PC 90%0PC
bl 0%Ms 5%Ms 10%Ms
e + 0%Ns + 0%Ns + 0%Ns
§ MONO.5 M5NO0.5 M10NO0.5
s 99.5%0PC 94.5%0PC 89.5%0PC
N 0.5%
> 0%Ms 5%Ms 10%Ms
é +0.5%Ns +0.5%Ns +0.5Ns
§ MON1.0 M5N1.0 M10N1.0
g_ 1.0% 99%0PC 94%0PC 89%0PC
14 0%MS 5%Ms 10%Ms
+ 1.0%NS + 1.0%Ns + 1.0%Ns

*Compression specimens include C in their ID.
Tension specimens include T in their ID.
Abrasion specimens include Ain their ID.

4. Mixing Procedure

To get a high strength mortar, water-cement ratio
must be minimized. Therefore, special mixing
procedure should be carried out to assure that the fine
particles are well dispersed through the matrix.
Components are mixed using high speed rotation
mixing device and mix proportions illustrated in
(Table 3).

Table 3: Mix Proportions of Mechanical Properties

Test Proportions
Binder Sand wiC
Compression
Strength (ASTM 1 3 0.4
C109)
Tensile Strength
(ASTM C190) . 4 04
Abrasion Resistance
(ASTM C418) 1 8 04

** HRWR used is 2.5% of binder content.
4.1 Mixes without Nano Silica:

First of all, the fine aggregate, cement, micro
silica, are thoroughly mixed in dry state for 2
minutes, after that liquids including water and
superplasticizer are added gradually then further
mixed for another 3 minutes till a uniform and
homogeneous texture is achieved.

The mortar mix is removed from the mixer and
placed in previously greased molds to eases the
demolding process, then cured by submersion in
fresh water until the day of testing.
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c) Abrasion
cylinders

a) Compression

b) Tension
cubes briquets
Figure 2. Different Specimens Tested

4.2 Mixes with Nano Silica:

Firstly, the fine aggregate, cement, micro silica,
are thoroughly mixed in dry state for 2 minutes, then
three fourth of the water content is added gradually to
the dry mix and further mixed for another minute.

The entire dose of superplasticizer is added to the
remaining one fourth amount of water content, which
is then poured in the ultrasonic mixing (Fig. 3) device
containing the amount of nano silica particles. The
ultra-sonic mixing device is turned on and mixing is
continued for 10 minutes at a 40°C temperature, to
achieve the best possible dispersion of nanoparticles
in solution and preventing agglomeration.

The nano particle solution is then added to the wet
mix of sand, cement and micro silica which is then
further mixed for another four minutes. Casting the
mortar in the molds and their curing is performed as
previously mentioned.

JEY 4, 1
— e

Figure 3. Ultrasonic Device for Mixing Nanoparticles.
5. Setup and Testing
5.1 Compression test

The compression test (Fig. 4a) is performed and
the compression strength is calculated by dividing the
maximum test failure load by the cross-section area
(subjected to the compression load) of the test
specimens.

5.2 Tension test

For tension test (Fig. 4b) briquette specimen is
inserted between the hooks of machine then is

tightened until separation and the tensile strength is
calculated by dividing the maximum test failure load
by the cross-section area (subjected to the tension
load) of the test specimens.

5.3 Abrasion test

The short cylinder specimen (Fig. 4c) is placed
touching the lever, the lever spin 500 cycle and then
for abrasion ratio calculate the difference in weight
before and after the test.

specimen’

o

b) Tension

a) Compression

Figure 4. Machines used for different tests.
Experimental Results and Discussion
6.1 Compressive Strength

Specimens CMONO, CMONO.5, and CMON1.0 that
all possessed 0% micro silica, with 0, 0.5, and 1.0 %
of nano silica respectively. The compressive strength
has increased considerably by 14.15% and 14.92%
from CMONO for 0.5% and 1.0% nano silica
respectively at 28-days (Fig. 5a). Whereas at 56-days
compressive strength has increased by 11.61% and
13.79% from CMONO for 0.5% and 1% nano silica
respectively (Fig. 5b).

Specimens CMONO, CM5NO, and CM10NO that
all possessed 0% nano silica, with 0, 5, and 10 % of
micro silica respectively. According to the literature
the micro particles improve the packing
characteristics of the matrix hence have a noticeable
effect on the compressive strength. At 28-days there
is significant increase in compressive strength by
15.28% and 20.14% from CMONO for 5% and 10%
micro silica respectively, indicating great resistance
of the mortar cube (Fig. 5c). Whereas at 56-days
compressive strength has increased by 14.88% and
17.40% from CMONO for 5% MS and 10%MS
respectively (Fig. 5d). Artificial supplementary
cementitious materials such as micro silica, nano-
silica, fly ash and metakaolin have been widely used
for different purposes. Literature has shown that

c) Abrasion '
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compressive strength increases by adding mineral
admixtures to mortar due to its pozzolanic reactions
and chemical composition [27,28]. A comparison
between the compressive strength for mixes CM5NO,
CM5NO0.5 and CM5N1.0 at 28 and 56-days
respectively. The micro silica content was 5% and the
content of nano silica was 0, 05 and 1.0%
respectively. The data in figures clearly show a
remarkable increase in compressive strength at both
28 and 56-days due to a marginal implementation of
nano silica. The compressive strength at 28-days
increased by 7.45 and 10.02 % from CMS5NO for
nano silica contents 0.5 and 1.0 % respectively (Fig.
5a). While the compressive strength at 56-days
increased by 4.42 and 10.07% from CMS5NO for
Nano silica contents 0.5 and 1.0 % respectively (Fig.
5b). Similar results are recorded for the specimens
CM10NO, CM10NO0.5 and CM10N1.0 possessing the
same aggregate composition, w/c ratio, micro silica
content, and curing conditions. The data in figures
clearly show an improvement in the compressive
strength due to addition of Nano silica by 0.5 and
1.0%. Where, the compressive strength at 28-days
increased by 13.02 and 15.52% from CM10NO (Fig.
5a). While the compressive strength at 56-days
increased by 14.22 and 16.01% from CM10NO for
CM10NO.5 and CM10NL1.0 respectively (Fig. 5b).
This improvement can be referred to the filler action
of nano silica and micro silica which have a large
surface area which improves the chemical reaction
due to the pozzolanic activity. Hence additional
Calcium Silicate Hydrates C-S-H is formed
generating more gel due to hydration resulting in
increased strength [29-35].

41
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5 37 34.69 37.14
o 35
2 < 33 31.43 33.88 a—
% % 31 31.22 31.53
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a) Effect of Nano Silica at 28-days
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c) Effect of Micro Silica at 28-days
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Nano silica in Binder (%0)
d) Effect of Micro Silica at 56-days

Figure 5. Effect of MS content, NS content, and
combination of them together on the Compressive strength
at 28 and 56-days.

6.2 Tensile Strength

In this section the effect of the replacement of
cement with NS, MS, and a combination of both is
studied for the tensile strength at 28 and 56 days. The
effect of replacing cement with NS only is shown by
specimens TMONO, TMONO.5, and TMONL1.0. It's
noticed that the tensile strength of TMONO.5 is higher
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than TMONO by 10.53% and 10.23% at 28 and 56-
days respectively. Similarly, the tensile strength of
TMON1.0 is higher than TMONO by 7.11% and
6.65% at 28 and 56-days respectively (Fig. 6a&6b).

Studying tensile strength at 28 and 56-days and
the effect of replacing cement with MS only is
illustrated by specimens TMONO, TM5NO, and
TMI10NO. The result reveal that the tensile strength of
TM5NO is higher than the control specimen TMONO
by 12.11% and 11.76% at 28 and 56-days,
respectively and for specimen TM10NO the tensile
strength increased by 3.42% and 3.07% for 28 and
56-days respectively (Fig. 6c&6d). In using a
combination of both MS and NS in the same mix
with a 5% MS content which involve specimens
TM5NO, TM5NO0.5 and TM5NL1.0 it is noticed that by
increasing NS content, the tensile strength of
specimen TM5NO0.5 increases by 7.51% and 6.41%
from TM5NO at 28 and 56 days respectively and for
specimen TM5N1.0 by 4.93% and 5.03% from
TMS5NO at 28 and 56-days respectively (Fig. 6a&6b).

Similarly, specimens TM10NO, TM10NO.5 and
TM10N1.0 having a 10% MS content and variable
NS ratios exhibited an increase in tensile strength for
specimen TM10NO.5 by 11.96% and 11.91% from
TMI10NO at 28 and 56-days respectively and for
specimen TM10N1.0 by 9.41% and 8.68% from
TMI10NO at 28 and 56-days respectively (Fig.
6a&6b).

This clear enhancement in tensile strength of
concrete, at 28 and 56-days has been noted by other
researchers [36, 37], where the addition of mineral
admixtures results in an increase in overall concrete
strengths including compressive, split-tensile and
flexure [36].

It is not necessary that when compressive strength
increases tensile strength also increases.
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Figure 6. Effect of NS, MS, and combination on the Tensile
strength at 28 and 56-days.

6.3 Abrasion Strength

This part includes determining the effect of
different replacement ratios of nano and micro
materials on the abrasion ratio of the short cylinder
specimens subjected to abrasion. Firstly, replacing
cement with NS only for specimens AMONO,
AMONO.5, and AMON1.0. The figures clearly show
great reduction in the abrasion ratio, where the
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abrasion ratio of specimens AMONO0.5 and AMON1.0
decreased by 11.12% and 15.36% from AMONO at 28
days and 10.47% and 15.55% from AMONO at 56-
days (Fig. 7a&7b). For the effect of micro silica alone
for specimens AMONO, AM5NO and AM10NO at 28
and 56-days, result show a remarkable drop in
abrasion for AM5NO and AM10NO by 22.02% and
30.0% from AMONO at 28-days and 30.8% and
34.57% from AMONO at 56-days (Fig. 7c&7d).
Regarding mixing a combination of MS and NS with
a 5% constant MS content and a variable NS ratio is
depicted by specimens AMS5NO, AMS5NO0.5, and
AMS5NL1.0. Specimens AM5NO0.5 and AM5N1.0 have
exhibited a high reduction in abrasion ratio by
22.03% and 37.13% from AMS5NO at 28-days and
14.68% and 19.62% from AM5NO at 56-days (Fig.
7a&7h). Similarly, for a combination of MS and NS
with a 10% constant MS content and a variable NS
ratio is shown by specimens AM10NO, AM10NO.5,
and AMI10NL1.0. Specimens AMI10NO.5, and
AMI10N1.0 have also exhibited an even better
performance where the abrasion ratio has greatly
decrease by 43.65% and 47.73% from AM10NO at
28-days and 29.26% and 40.46% from AM10NO at
56-days (Fig. 7a&7b). Cement mortar with NS and
MS give higher abrasion resistance than that of
control cement mortar and cement mortar with MS or
NS only. The reasons may come from the fact that
cement mortar with NS has a less porous structure
and results in a denser and more compact texture
[38]. Similar results are found in the works of Riahi
and Nazari [39], Nazari and Raihi [40], Soleymani
[41], and Li [42] who studied the abrasion resistance
of concrete modified with NS. These works
suggested that the abrasion resistance increased with
the addition of NS for all ages of cement mortar.
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Figure 7. Effect of NS, MS, and combination on the
Abrasion ratio at 28 and 56-days.

Conclusions

In this research, the experimental program was
carried out to investigate the effect of using micro-
silica as well as nano-silica as a mineral admixture to
be used as a partial replacement of cement. Based on
the obtained results, the following main conclusions
can be drawn:
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Addition of 5% and 10% micro silica lead to
significant increase in both compressive and
tensile strengths and a distinguished decrease in
the abrasion ratio at 28 and 56-days.

The compressive strength at 28-days increased
by about 15.28% and 20.14% and at 56-days
increased by 14.88% and 17.40%. Also, the
tensile strength increased by 12.11% and 3.42%
at 28-days and 11.76% and 3.07% at 56-days.
Whereas the abrasion ratio has improved when
5% and 10% MS was used where the abrasion
ratio was reduced by 22.02% and 30.0% at 28-
days and 30.80% and 34.57% at 56-days.

The results in this research show an improvement
in the mechanical properties due to replacement
by Nano silica by 0.5% and 1.0%. Where, the
compressive strength at 28-days increased by
about 14.15% and 14.92% and at 56-days
increased by 11.61% and 13.79%. Also, the
tensile strength increased by 10.53% and 7.11%
at 28-days and 10.23% and 6.65% at 56-days.
Whereas the abrasion ratio has improved when
0.5% and 1% NS was used where the abrasion
ratio was reduced by 11.12% and 15.36% at 28-
days and 10.47% and 15.55% at 56-days.

For mixes with combination of NS and MS, the
increase of Nano silica content from 0.5% to
1.0% caused an increase in the compressive,
tensile strength, and substantial decrease in
abrasion ratio.

The results in this investigation show a
remarkable improvement in mechanical properties
at 28 and 56-days. The highest improvement in
compression results occurred in  specimen
CM10N1.0 which contains 10% MS and 1.0%NS
where an improvement of 38.79% and 38.42%
from control sample (CMONQO) is recorded at 28
and 56 days respectively. The highest
improvement in tension results occurred in
specimen TM5NO.5 which contains 5% MS and
0.5%NS where an improvement of 20.53% and
18.93% from control sample (TMONO) is
recorded at 28 and 56 days respectively. The best
abrasion resistance was exhibited by specimen
AM10N1.0 which contains 10%MS and 1.0%NS
where the abrasion ratio decreased by 92.05% and
89.02% from control sample (AMONO) at 28 and
56 days respectively.

It has been noticed from the results, that for
compression improves with the addition of both
nano and micro silica although an indefinite
increase in either micro or nano silica is
uneconomical. On the other hand, small amounts

of micro and nano silica have proved to be more
beneficial in improving the tension. It is worth
noting that presence of nano and micro silica
greatly enhances the abrasion resistance which is
due to the better packing of the matrix.
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