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Mineral admixtures are frequently utilized as cement substitution materials in high-performance concrete (HPC), and so many
studies have explored the influence of mineral admixtures on the rheological behavior of HPC. Investigations were done to
examine the impact of nanosilica less than 100 nm on HPC by substituting copper slag at a fixed substitution of forty percent
for fine aggregate. Concrete samples were cast by substituting cement with nanosilica at (0.5, 1, 1.5, 2, 2.5, and 3) percentages.
Examinations on mechanical properties and durability were done on specimens. The above tests demonstrated an increase in
water demand because of the increase in the nanosilica substitution percentage. Mechanical and durability properties were
improved at a larger rate with the incorporation of nanosilica. The outcomes indicated that colloidal nanosilica is an effective
material that enhances the microstructure and acts as a catalyst for pozzolanic activity. The incorporation of nanosilica

improves the strength up to two percentage substitution level.

1. Introduction

HPC on the other hand is a concrete that is proved to give
good strength as well as good durability. HPC has been
generally utilized across the globe for the past thirty years.
Compressive strength might differ from 50 to 200 MPa. Not-
withstanding strength requisites, durability properties are
essential in producing high-performance concrete. Conse-
quently, it is important to utilize large amounts and worth
resources to convene up above prerequisites. Aggregates
comprise around 70 to 80 per cent of the volume of the
concrete, and thus, there is fast growth in the utilization of
normal aggregate worldwide. The industrialization has

prompted the creation of tremendous waste materials and
side effects that leads to ecological issues. Hence, there is a
vital requirement to discover and use substitute materials
for aggregates by using waste materials and results utilizing
no characteristics change that prompts a maintainable and
better environment alongside specialized benefits. There is
an enhancement in strength property of HPC while mineral
admixtures are utilized since fractional replacement to con-
crete because of fortifying of the interfacial transition zone.
These days, the utilization of nanomaterials in concrete is
acquiring significance attributable to their improved prop-
erty in the hardened and non-hardened conditions of con-
crete because of its particular superficial region. The
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materials utilized in nanosize are nanosilica, nano-TiO,,
nano-Fe,O;, nano-Al,O;, and carbon nanotubes/strands.
Among all the nanomaterials, nanosilica is the most gener-
ally used material in concrete due to pore filling impact
[1]. A limited quantity of nanosilica, typically at 0 to 5 per-
centage substitution, is sufficient for enhancement in HPC.
The addition of nanosilica speeds up the hydration cycle
and responds with (CaOH2), creates more amounts of (C-
S-H), and improves the mechanical properties. Cement
combined with nanosilica brings a compact microstructure
with a smaller quantity of calcium hydroxide crystals. Pozzo-
lanic reactivity is faster in concrete when nanosilica is added
up to three percentages. Substitution of nanosilica in con-
crete resulted in increased mechanical properties [2-5] and
development in tensile strength [6] and improvement in
abrasion resistance compared to conventional concrete to a
significant stage. Research on permeability properties of
nanosilica concrete proved that there is a decrease in absorp-
tion properties compared to conventional concrete [2, 6].
Substitution of nanosilica with GGBS resulted in prolonged
hydration speed [7]. The increase of nanosilica content in
concrete revealed decreased chloride particle entrance.
Nanosilica addition worked on the compressive strength
because of the speed increase of hydration [8-10]. The high
amount of waste glass powder with nanosilica is made con-
ceivable in concrete [11]. The adverse consequences of
sludge inclusion in setting time and mortar strength provi-
sions could be repaid by utilizing nanoparticles [12, 13].
The inclusion of nanoparticles could increase the strength
of concrete by 15 to 20 percentages [14]. Additionally, nano-
silica particles work on exhibition sludge combinations in
tile creation with a decrease in water assimilation and expan-
sion to wear [15]. The (CaOH,) formed at some point in
hydration to form added (C-S-H) gel. In this manner, nano-
silica goes about as the focus of nucleation because of its
high surface region, hence speeding up the hydration [16].
Likewise, expanding how much nanosilica brings about
agglomeration forestalling the uniform appropriation of
nanosilica particles inside the mortar because of its high
explicit surface energies. In this manner, the enhancement
of mechanical properties is diminished by increasing the
nanosilica content. Nanosilica could absorb other Ca** par-
ticles and reduce the convergence of calcium particles,
speeding up the disintegration of C,S, which expands the
pace of hydration successfully [17]. Adding colloidal nanosi-
lica is more straightforward and effective than incorporating
powdered content [18, 19]. The vast majority of examina-
tions reduced the investigation of the properties of substitu-
tion of nanosilica in concrete. A couple of exploration was
completed to decide concrete’s mechanical properties and
porousness with nanosilica. Numerous analysts announced
extraordinary and incongruous ideal amounts of nanosilica
alongside a few strange impacts, which need a lot of fixations
in additional exploration [1, 11-17]. The ideal amount of
nanosilica should show up for every material separately.
The usage of waste produced from industry is the major
challenge confronted today because of the removal cost
and potential contamination issue. The above issue can be
resolved or even disposed of alongside the accomplishment
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of asset protection, assuming that it is proficiently utilized.
Fayalite slag is a derivative acquired during the refining pro-
cess of copper. Fayalite slag tracks down its utilization in
sandblasting, cutting devices, rail line counterweight, black-
top asphalt, and concrete [20]. Many kinds of exploration
were done to concentrate on the conceivable outcomes of
utilizing waste materials as fractional/complete substitution
of concrete [21]. The utilization of copper slag as a replace-
ment for fine aggregates further develops strength and dura-
bility parameters at similar usefulness. At the same time,
superplasticizer is a vital fixing in HPC prepared by copper
slag to give great functionality and better consistency. The
utilization of Fayalite slag in concrete clinker formation
and the impacts of copper slag on the properties of concrete
have been examined by numerous analysts [22-24]. A few
works detailed the mechanical properties of concrete pre-
pared using fayalite slags substitution for sand, and crushed
stones show more development than ordinary cement
[25-27]. For each huge load of copper delivered, roughly
2.2 to 3 tons of slags were created according to a logical esti-
mate. According to the review in 2010, copper slag creation
was assessed by around 30 tons everywhere. Copper slag is a
throwaway material that gives probable, natural, specialized,
and financial advantages in concrete and cement.
Improvement of nanosilica based on HPC is relied upon
to decrease cement utilization meant for environment con-
servation and economic benefits [1]. Even though there is
not much information on adding nanoparticles in concrete,
less consideration has been made on the importance of
nanosilica in concrete. Additionally, it creates an interest in
concrete innovation and is relied upon to work on the
mechanical properties. The impact of copper slag as a partial
substitution for sand on high-performance concrete was
examined by different researchers [25-27]. As a primer
work, an ideal amount of copper slag to be utilized in the
research was examined and found as forty percentage substi-
tutions is the perfect material for fine aggregate substitution.
Here, the examination is reached out to explore the impact
of the addition of nanosilica on HPC at consistent slump
where copper slag is consolidated as a fractional substitution.

2. Materials

OPC 53 grade was utilized, and the specific gravity of the
same is 3.15. River sand with a specific gravity of 2.67 and
fineness modulus of 2.92 was utilized, and copper slag was
used as a substitution material. The chemical properties of
copper slag are displayed in Table 1. Polycarboxylic ether-
based superplasticizer with a specific gravity of 1.09 and
pH more noteworthy than 6. Chloride concentration
under 0.25 percentage was utilized in this research. Colloi-
dal nanosilica have a specific gravity 1.32, and pH9.5 was
used. Standard consistency and setting time tests were per-
formed in concrete with nanomaterials at different substi-
tution levels. XRD investigation of nanosilica has shown
that a wide summit shifted between 15° and 30° was
acquired by mixtures in nanostructure and amorphous
nature shown in Figure 1.
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TaBLe 1: Chemical properties of copper slag, cement, and
nanosilica.

Materials Weight (percentage)
Silicon dioxide 26.72
Aluminum oxide 0.25
Ferric oxide 69.33
Calcium oxide 0.16
Sodium carbonate 0.6
Manganese oxide 0.25
Copper oxide 1.3
Titanium dioxide 0.5
Specific gravity (cement) 3.11
Initial setting (cement) 30 minutes

Final setting time (cement) 450 minutes

Specific surface area (mz/gm) (nanosilica) 206
pH value (nanosilica) 43
Silica content (nanosilica) 99.9
Carbon content (nanosilica) 0.08

F1GURE 1: SEM of nanosilica.

2.1. Experimental Study. The experimental study is divided
into two stages; initially, the percentage of copper slag is
optimized with water-reducing admixtures. These cement
matrix cubes of 70 x 70 x 70 mm were cast with copper slag
substitution of 0, 10, 20, 30, 40, and 50 percentages by weight
of fine aggregate. Due to the lower water binder ratio,
cement mortar cubes with superplasticizer results were
improved than cubes without superplasticizer. Based on
compressive strength, the ideal substitution of copper slag
used for fine aggregate is 40%. The second stage of the study
involves the study of the impact of nanosilica substitution
for cement in mortar cubes. For this study, mortar cube of
70 x 70 x 70 mm was cast by stable 40% of copper slag as
substitution and nanosilica of 0.5, 1, 1.5, 2, and 2.5 and per-
centage by weight of cement with w/b 0.32 and constant rate
of superplasticizer of 0.5 percentage. The cast cubes were
tested for compressive strength at 3, 7, 28, 56, and 90 days.

Further, ACI [27] technique for mix proportioning was
taken to show up at the orientation mix extent for M60
grade of concrete. Seven mixes of concrete at various doses
of colloidal nanosilica N0, N0.5, N1, N1.5, N2, N2.5, and

N3 correspondingly (0, 0.5, 1, 1.5, 2, 2.5, and 3) weight frac-
tion of cement were ready for workability between twenty-
five to fifty mm with forty percentage substitution. The w/
b proportion for all mix replacements was reserved at 0.32.
The water-reducing admixture content was changed in each
mix with the goal that the drop is kept up with at the
required range, and details are shown in Table 2.

2.2. Casting and Testing of Specimens. The ingredients are
mixed in a dry state. Later, nanosilica with water is added
to get the uniform scattering of nanoparticles. The mixed
matrix was filled in three layers, and compaction was done
with the vibrating table. Slump properties of the concrete
matrix were studied to understand the influence of nanosi-
lica inclusion in the slag concrete. The samples were covered
and were kept at room temperature until the demolding
period. The samples were then demolded after twenty-four
hours. The curing process is done till the required period
and tested at the expected age. Cube of size 100 x 100 x
100 mm were casted to determine the compressive strength
of the samples at three, seven, twenty-eight, fifty-six, and
ninety days. Cylinder specimens of size 150 x 300 mm were
cast to find the split tensile strength of concrete. Rapid chlo-
ride penetration test was conducted on cylinders of size
100 x 50 mm, where the samples were placed in the cell, with
liquid storage on every face. To perform the test, one cylin-
der was placed in the solution of sodium chloride with 3%
concentration and the other with the solution of sodium
hydroxide. The quality of electric current travelled through
the concrete are measured by keeping potential variation of
60V DC for 6 hours. Overall charges transferred (Coulomb)
are closely connected to the specimen’s chloride ion penetra-
tion. To perform the sorptivity test, 100 x 100 mm cubic
samples set over the steel network in tub of water and bot-
tom portion are submerged to five-millimeter depth. The
other faces of the specimen are fixed such that it is saturated
for 40 mm from the lower part such that progression of
water is made from base surface.

3. Results and Discussions

3.1. Impact of Nanosilica on Strength Properties of Cement
Mortars. From Figure 2, it is clear that the strength of the
cement matrix with 2% nanosilica has higher strength than
the control specimen. The improvement in three-day com-
pressive strength was 26.88, 53.82, 81.54, 99.62, 96, and
85.52 percentage for N0.5, N1, N1.5, N2, N2.5, and N3 cor-
respondingly than the control sample NO. Many outcomes
have centered on the outstanding exposition in the prema-
ture strength. Moreover, the prime objective of pozzolanic
material is strength advancement and decrease of pore size
appropriation; based on this. The strength development is
obtained up to 2% addition of nanosilica, which decreases
the compressive strength [28]. The strength increase for
the N2 mix is 22.9 and 14 percentages at the twenty-eight
and ninety days correspondingly. In comparison, strength
increases for the N3 mix diminished to 13.5 and 6.9 percent-
ages at twenty-eight and ninety days. Samples with high
nanosilica content experience excessive self-drying and
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TaBLE 2: Mix design properties.
Properties Mix designation
P NO NO.5 N1 NL5 N2 N2.5 N3
Cement (kg/m3) 518 514 510 508 505 503 500
Colloidal nanosilica 0 4 8 10 13 15 18
Fine aggregate (kg/m?) 350 350 350 350 350 350 350
Water (kg/mS) 150 150 150 150 150 150 150
Copper slag (kg/m?) 240 240 240 240 240 240 240
Coarse aggregate (kg/m°) 1130 1130 1130 1130 1130 1130 1130
ggreg, g
Super plasticizer (percentage) 0.42 0.42 0.43 0.45 0.5 0.55 0.55
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FIGURE 2: Impact of nanosilica on compressive strength properties of concrete containing copper slag.

breaking, and this can be by changing water and superplastici-
zer content [29-32]. Development in compressive strength by
adding nanosilica came about because of both densification
and filler impact of interfacial transition zone [33].

3.2. Impact of Nanosilica on Workability. Incorporating cop-
per slag enhances workability because of its shiny surface,
and less water absorption is shown in Figure 3. In any case,
a higher level of copper slag incorporation brings bleeding
due to the incorporation of nanosilica. Water particles are
promptly drawn at nanosilica because of their elevated
explicit surface region and larger reactivity. In this way, the
consistency of the mix was expanded, bringing about a
decline in usefulness upon the substitution of nanoparticles.
To prevail over this problem, the quantity of superplasticizer
was altered. Research on the impact of the substitution of
nanosilica on cement concluded that incorporating nanoma-
terials to cementitious mixes decreases workability because
of timely relations between the nanomaterials and cementi-
tious matrix [34].

3.3. Impact of Nanosilica on Strength Properties of Concrete
Containing Copper Slag. Results obtained from the samples
are shown in Figures 4 and 5. Differences in compressive
strength are noted because of the incorporation of nanosilica
in slag concrete at 3, 7, 28, 56, and 90 days. The blends NO.5,
N1, N1.5, N2, N2.5, and N3 improved compressive strength
of 41.2, 57.5, 76.7, 90, 76.4, and 73.6 percentages corre-

spondingly as for the control mix. A similar pattern was seen
on any remaining long periods. It was seen that the com-
pressive strength upgraded up to two percentage of nanosi-
lica substitution and afterwards declined to some extent.
The more prominent utilization of calcium hydroxide is seen
in the early ages because of the improved hydration. The
outcome obtained is profitable for nanosilica substitution
of two percentages by weight of cement. Hydration items fill
the pores between the concrete in this manner, shortcutting
the penetration of water to the unhydrated particles and
bringing down the strength gain beyond two percentage sub-
stitution of nanosilica. It was found that the improvement in
ninety-day compressive strength was 7.1, 12.8, 22.8, 27.9,
22.2, and 18.7 percentages for NO.5, N1, N1.5, N2, N2.5,
and N3 mixes correspondingly compared to the control
specimen. An increase in strength is recognized in the way
that calcium hydroxide liberated during the process of
hydration is used by nanosilica, bringing about higher
strength at early ages. Additionally, the results of hydration
fill the pores and make them denser. Mix N2 shows the
greatest strength obtained at the entire period, and the pro-
portion of addition in compressive strength concerning
twenty-eight days was higher.

Figure 5 shows the difference of split tensile strength
owing to the incorporation of nanosilica at entire ages. Sam-
ples of N0.5, N1, N1.5, N2, N2.5, and N3 increased 4.2, 9.9,
15.6,17.8, 14.5, and 12.1 correspondingly by reference to the
control sample at three days. Seven days, strength obtained
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5 4
48 -
46 -
44 -
42 -

4
3.8 4
36 :

y = 1.9661x - 11.593
R?=0.9149

Split tensile strength
(MPa)

7.80 8.00

8.20 8.40

SQRT of compressive strength (MPa)
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was 4.8, 11.3, 17.3, 22.5, 19, and 15.4 percentages corre-
spondingly for N0.5, N1, N1.5, N2, N2.5, and N3 compared
with the control specimen. The improvement in strength
was found to be 7.8 to 26.3 and 7.9 to 27.4 percentages for
nanosilica mixes correspondingly than the control sample
at twenty-eight and ninety days. This phenomenon is pri-
marily due to a stronger attachment between the aggregate
and cement matrix.

The reduction in mechanical properties with more
prominent than two percentage of nanoparticle substitution
is accredited to the explanation that the number of nanopar-

ticles is larger. On this junction, nanosilica is a replacement
material for cement utilized for filling the pores yet does not
engage in the hydration cycle.

3.4. Impact of Nanosilica on Chloride Ion Penetration. The
capacity of concrete to oppose the access of chloride particles
is an important constraint in deciding the service life of steel
in concrete in marine conditions. It is likewise critical to
research the conduct of cement containing substitutions like
copper slag concerning protection from chloride particle
infiltration. The rapid chloride penetration results of



6 Journal of Nanomaterials
TaBLE 3: Impact of nanosilica on chloride penetration.

Parameters  Charge passed (Coulombs 28 days)  Chloride penetration = Charge passed (Coulombs 90 days)  Chloride penetration
NO 1140 Low 1155 Low

NO.5 1138 Low 990 Extremely low

N1 1050 Low 920 Extremely low
N1.5 980 Extremely low 850 Extremely low
N2 820 Extremely low 702 Extremely low
N2.5 910 Extremely low 788 Extremely low

N3 955 Extremely low 824 Extremely low

nanosilica with a forty percentage aggregate substitution
by copper slag at twenty-eight and ninety days are shown
in Table 3. It was noticed that every mix contained a small
vulnerability towards chloride. Values of Coulombs were
reduced by substituting nanosilica up to two percentages
demonstrating that the concrete became denser—further
addition of nanosilica results in small enhancement in
Coulomb. The above perspective has been shown in the
compressive strength result from which it very well may
be presumed that concrete shows more protection from
chloride ion penetration than different mixes. In this
research, it was seen that concrete with nanosilica showed
extremely low chloride particle penetration compared with
other concretes. The decrease in chloride particle entrance
might be because of the fuse of round particles like nano-
silica and copper slag, which brought about the improve-
ment of the molecule. Coulomb charges passed at ninety
days are low compared to twenty-eight days due to dense
microstructure.

3.5. Impact of Nanosilica on Sorptivity. The main strength of
water suction is capillary pressure [35]. The sorptivity coef-
ficient is a significant boundary to forecast the life of a struc-
ture [35]. Substitution of nanosilica quantity from zero to
two percentages causes a reduction in the sorptivity esteem
by 44.3 and 57.8 percentages at twenty-eight and ninety days
correspondingly. Being extremely fine particles, nanomateri-
als fill up the pores in concrete, consequently decreasing the
capillary pores.

4. Conclusions

Based on the experimental investigation on utilization of
nanosilica in concrete with forty percentage of copper slag
as fine aggregate substitutions, the following conclusions
have arrived:

(i) As the quantity of nanosilica was raised to three
percentages, the consistency was improved while
the setting time was reduced because of the
increased hydration rate. The nanosilica inclusion
has increased the compressive strength of concrete
containing forty percent copper slag as a weight
fraction for fine aggregate compared to the control
mix. The strength increment was observed up to

two percent of nanosilica substitution, beyond
which the strength decreases

(ii) The highest strength properties were found in con-
crete containing copper slag in the samples contain-
ing two percentages of nanosilica. The above
reaction brings about higher creation of calcium sil-
icate hydrate gel. Further addition of nanosilica
results in higher quantity than the amount of free
lime and directly affects the pozzolanic activity. It
very well may be acknowledged that the ideal nano-
silica substitution is two percentage

(iii) Rapid chloride penetration test containing nanosi-
lica in concrete was exceptionally low at twenty-
eight and ninety days. The charges passed were
not exactly aligned with the control specimens

(iv) Sorptivity results of concrete containing nanosilica
and copper slag decrease with an increment in
nanosilica content because of the consolidated
activity of pore filling impact. The highest decrease
in sorptivity values was seen in mixes with two
nanosilica percentages
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