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ARTICLE NFO ABSTRACT

Article history: The linear attenuation coefficient of normal weight concrete containing nanoparticles ha
Received: 10t Nov. 2022 been simulated using Monte Carlotransport code MCNP5 to evaluate their shielding
Accepted: 11t Jan. 2023 performance. The outcomes of the numerical simulations were compared to th

experimental samples computed with Cesium 137 (0.662 MeV) and XCOM progran
results. Three different nanoparticles mainly nano silica (NS), nao ceramic (NC), and

nano metakaolin (NMK), and their hybridization were used in the present research
Slump test, density, water absorption, compressive strength and tensile strength we
investigated. Moreover, the scanning electron microscopy technique (SEM), X ra
diffraction analysis (XRD) were used to prove tle improvement in the microstructure of

concrete as a result of the use of NS, NC, NMK, and their hybridization. The results i
the present study indicate that the inclusion of single nanomaterials as a replacement
cement improves the mechanical, physita properties and the linear attenuation
coefficient of concrete, while the results of the hybrid nano inclusion showed a sligl
improvement of the properties of concrete. In addition, the results of the simulation of the
linear attenuation coefficient ushg the Monte Carlo simulation were in good agreemen
with the experimental and XCOM program results.
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1-INTRODUCTION obtained when nano silica was added to concrete containing
The utilizationof nano silica in concretemixture has 25% recycled aggregate, the improvement in tensile strength
appearedimprovement in compressivdlexural, tensile and was achievedn concrete with 50% recycled aggregate. Mohd
flexural strength of concrete. Vém adding nano silica as €t al. [6] investigated the influence of nano silica in mortar
a replacement of cement, it can generate nano crystaSefiC and cement paste regarding porous concrete pavement. They
gel after hydration. These nanocrystals are absorbed in the concluded that the incorporation of nano silica in cement
micro pores of the cement concrete, hence, the improvement in Paste and mortawith the right composition will improve
the permeability and strength of the concrete can be achieved their mechanical properties. The positive impacts of utilizing
[1]. A 70 % increase in compressive strength can be achieved nano silica in concrete, cement paste and mortar have
when the cement is replaced by 4% NS [2]. The effect of appeared in earlier publications -10]. Ghafarti et al. [11]
different dosages of nano silica on properties of concrete was and Tawfik et al. [12]achieved the best performance of
investigated by Nazari and Riahi [3]. They concluded that the concrete when using 3 wt. % of nano silica. In another work
improvement in compres® strength of concrete will be  [13], the authors concluded that incorporating 2% NS and
achieved due to the improvement in the microstructural of 8% micro silica as partial replacements of cement can improve
concrete. In a previous study[4], it was concluded that the the tensile and compressive strengthr fuormal strength
concrete containing 25% fly ash and 1% nano silica gave the and high strength concrete. In addition, when using the
highest compressive strength when comparedther mixes. hybrid silica (micro and nano), the Ca(QHkrystals
Another study [5] obeved that while improvement in disappeared, and the cement matrix became more dense than

compressive strength and durability properties were the control mix.
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Metakaolin (MK) is a Kaolinite calned clay, it can be used in up to 3% and hybrid of NS and NC can improve the mechanical
concrete as supplementary cementing materials (as partially properties of concrete. However, Li et al. [25] showed that the
replacement of cemer{t)4, 15]. The particle size of metakaolin improvement in compressive strength will be achieved when
is smaller than cement particles, but not as fine as silica fume. using micro ceramics as a regaent of cementSingh et al.
Metakaolin has been known as awegactive pozzolan, for this [26] used seven types of concrete which were used in nuclear
reason, the incorporation of MK in concrete will improve the reactor facilities. They concluded that the results of attenuation
mechanical properties, permeability and chemical resistance. In properties from experimental data, XCOM program and MCNP
addition, metakaolin improves the packing of particles in the for energies 1.5, 2, 3, 4, 5 ar@l MeV are in very good
matrix through its fine particles, [L6]he surface area of nano  agreement. Moreover, higlensity concrete was investigated
metakaolin can be increased by82imes when th&IK changed for mega voltage photon beam spectra for various energies (4, 6,
to nano metakaolin (NMK), and it is possible to minimize NMK 10, 15, and 18 MeV) of the Varian linac and®Cgamma rays
into smaller particles depending on the transformation process. and were simulated using Monte Carlo method by Khiaddaal.

NMK is similar to MK in shape and surface text{t&]. On the [27]. They concluded that the attenuation of haglergy
other handMorsyet et al. [18], investigated the addition of nano photons was affected by both density of the concrete and atomic
metakaolin in cement mortar, they found that the improvement number. Moreover, they found that the relation between the
in the compressive strength and the tensile strength of mortar density and the attenuation coefficient was not totally linear.
can be achieved when using 2% up to 8% NMK as replacement McDowall [28] studied the shrinkage of concrete subjected to
of cement. Shoukry et al. I9] showed that the peak ofrdy a dose ofl.14 x 102 Gy/hr for 320 days. He found that the
diffraction intensity and calcium hydroxide (CH) content were shrinkage of the irradiated samples was three times more than
decreased slightly when increasing the amount of NMK that of the nosrradiated samples. He concluded that the

replacement, although the calcium silicate hydrat&{d) peak increase in slmkage was due to the radiolysis of water of
value showed a growing trend. The CH content of cement paste hydration in the concrete which would cause losses in strength.
was reduced by B% due tothe increase of NMK [20]. According to the results of the experimental data and computer

Moreover, Shoukr et al. [19, 20] studied the influence of simulation, alloy steel added to concrete has the best shielding
incorporates of NMK at a rate froeh1to 10% on the properties properties, howeveconcrete with various fillers added also

of highvolume vermiculite blended white Portland cement showed improvement in the shielding ability. It was shown that
(WPC). WPC was replaced wiftD vol% expanded vermitite by increasing the fillers to 6 w%, the improvement in the
(EVM), they concluded that the increase in compressive and shielding capability for ordinary concrete againsay/gamma
tensile strength were achieved by 57 and 59%, respectively ray reached 40~60% [29].

when using 10% NMK replacement of cement. On the other

hand, Nithya et al. [21] concluded that the use of 1% nano 3-EXPERIMENTAL PROGRAM

metakaolin as a régcement of cement will give the maximum 3.1. Materials

compressive strength than a 10% metakaolia r@placement of
cement. Additionally, Xie et al. [22] found that the compressive
strength gradually increases with the increase of NMK at
a constant recyoteaggregate concrete. The-@8y compressive
strength of recycled concrete increased with increasing the

NMK content when the replacement rate of recycled aggregate . ) X
was constant. On the other hand, the slump of concrete were prepared in Housing and Construction Research Center by

containing 9% NMK was reduced by 5% while the setting crushing the ceramic and grinding it and finally, it was placed in

time increased at 2% NMK, and then decreased at 20% NMK. @ Pooling mail in the Egyptian Atomic Energy thority, Cairo,
Egypt. Ordinary Portland cement (OPC) used in this research

Ceramic nanoparticles are a form of nanoparticles made up of ;-4 (CEM 1/42.5 N) in compliance with ESS 2421/2005 [30].
ceramics, characterized by nonmetallic solids,-hesistant and Mechanical properties of cement are shown in Tablet®nical
|norgﬁnlc material (\j/vhlchhcan bg made Uhp of rlnetalhc and ¢ composition of the cement and nano materials are shown in
metallic compounds. The substance has its own set o Table (2), and physical properties of nano materials are shown in

characteristics. Macroscale ceramics are Stl.ff, brittle apd they Table (3). The TEM images of the nanoparticles are shown in
break when struck. On the other hand, ceramic nanoparticles car _. . . L

. . . Figure (1), and their XRD diffractograms are shown in Figure
perform a wider range of functions, such as pyroelectric,

didectric, piezoelectric, ferroelectric, ferromagnetic (2). Natural gravel and sand were used in the experimental work.
o ' ’ - The 10 mm maximum nominal size of gravel was used. The
superconductive, electaptical and magneto resistive 2]. ) .
Ceramic nanoparticles have been utilized to deliver drugs in results of testing for both natural gravel and sand are presented in
a variety of diseases, such as cancer chemotherapy, gIaucomaTable (4) according to the ESS 1109/2002 [31]. According to the
and bacterial infections, [24JAmong the researches which mix design, thew/c ratio wasused as 0.42The superplasticizer
investigated nano ceramic, Tawfik et al. [12] who studied the USed IS a produc.:t of Sika Company; Viscocrete 10. It has the
effect of nanoceramic (NC) and nano silica (NS) on the following properties: dosage = 0% by weight ofcement,
properties of conete, they found that using NC up to 6%, NS  density = 1.08 kg/l, and base = modified polycarboxylates.

The nano materials used in the present study were nano silica
(NS), nano Ceramic (NC), and nano metakaolin (NMK)ey
were used in a powder form as a partial replacement for cement.
NS was brought from Nanotech Ygg for PhoteElectronics,
Giza, Egypt, while NMK was brought form Helwan and NC
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Table (1): Mechanical properties of cement Table (3): Physical properties of Nanopatrticle
Properties Measured values NS NMK NC
Blaine surface area (&gm) 2850

g . Appearance White Brown Brown
Specific gravity 3.15 (Color)
Soundness (Le Chatelier) (mn 1.3 g
. L . Appearance Powder
Initial setting time min) 120 p(lpiorm) Powder Powder
Finial setting time (min) 160 . ) ) ) ) ) )
. Solubility Dispersion Dispersion Dispersion

Compressive strength (MPa) 2 days 22 into water or  into water or into water or

28days 51 ethanol ethanol ethanol

Table (2): Chemical composition of cement, Nano silica, Avg. Size 1525 nm 13 nm 11-17 nm

Nano Metakaolin and Nano Ceramic _
pensity 1.989 25 0.923
. Nano Nano Nano gm/cn? . . .
Oxide % Cement silica  Metakoline Ceramic

SIO, 20.89 95.39 89.6 66.57 )

Table (4): Properties of gravel .and sand
Al20s 4.78 0.15 0.9 21.6
FeOs 3.94 111 2.0 141 Test Sand Gravel
CaO 63.01 0.43 43 2.14 .

Specificweight 2.63 2.56
MgO 2.01 0.09 0.09 -
Slot 2.68 0.05 - - Bulk densityt/m?3) 1.72 1.66
K20 0.19 0.030 4.55 2.79 Clay andline dust content(%) 14 1.7
NaO 0.19 1.790 - 141
CL- 0.02 0.71 - - Abrasion (LosAngeles) - 12.6
TiO, 3.6 2.9 1.61 0.7 Impactvalue (%) _ 10.6
ZrO, -- - - 1.49
LO.L 1.99 Waterabsaption (%) - 1.03
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Fig. (1): TEM of nano particles
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3-2 Mix Design and Samples preparation Standard Specifications ESS 1658/2006 [32]. To
determine the concrete compressive strength at different
ages, compression tests were performed on retac
specimens in normal conditions at 7 and 28 days.

The experimental program is composed of six concrete
mixes. It is composed of a control mix and five concrete
mixes with three nano materials as given in Table (5), NS,
NC, and NMK are the three nano mixes, and the fourth and 3 3 5 Tensile Strength
fifth mixes were hybridizédn of two types of nano
materials (NS+NC) and (NS+NMK). The unsafe utilization
of nano particles has dang
away from contact with the nanomaterial, gloves and
extraordinary masks with satisfactory filters were used ©f thrée samples per mias reported.
when prepang the samples. The dry contents: cement, 3.5 3 \water Absorption and Density
gravel and sand were mixed in higheed mixer for 2 min
to obtain a homogenous mix. The nanoparticles were addec

to the dry contents after being thoroughly dispersed in the _ 2 .
mixing water using a hightensity utrasonic bath specimens were dried in an oven drier at about 110 °C for

(frequency: 20 kHz) for 15 minutes. At the end, all the 24 _h- After that, the specimens vyexmled to 22 °C and
contents were mixed in the mixer at a speed of 50 rpm. their masses were calculated. This procedure was repeated
Three sets of samples were cast for testing in this until the specimen masses were stable, and the dry masses
investigation. For testing the density, water absorption, and Were recorded (W. Then, the specimens were removed
compressive strgth, the first group was cast in after 48 hours of immersion in water, their surfaces were
10x10x10 cm cubes. The second group was cast asthoroughly dried, and their saturated masses were
cylinders with dimensions of 15 cm in diameter and 30 cm computed (WS). Finally, the water absorption was
in height for tensile strength testing and radioactivity calculated using the formula % = @MWq)/Wq. The
experiments. To determine the linedtenuation coefficient,  average of three specimens was reported. The average
the cylinder was cut to various thicknesses. For flexural density of three samples per mix was measured.
strength, the third group was cast as a 10x10x5@rism. ,

gin, The Third grolip ; P 3-3-4 XRD Testing
In the casting room, all test specimens were kept at a
temperature of 2€. They were put into a tank of water ~ The XRD test is a nondestructive test. The samples for

until testing of samples after being demolded for 24 hours. this test were cured for 28 days and then ground into
powder in order to achieve higher accuracy. The obtained

The tensile strength and flexural strength were
determined according to the Egyptian Standarql o
Specifications ESS 1658/2006 [32]. The average strength

Water absorption and density were computed according
to ASTM C64297 [33]. In absorption test, first, the

3.3. Testing of Concrete .Samples ) dry hydration samples were subjected toa) diffraction
The . fo I_I owing experiments (XRD) analysis usig a Xray diffractometer (XRDC ret
were carried out in the current study: Shimadzu 6000) employing @0 r adi ati on (
3-3-1 Compressive Strength nm, 40 kV, 50 mA) owWwee°atscan

The test was performed using control compression Step width 8° per min. The XRD for nano materials were
machine with capacity 200KN according to the Egyptian Shown in Figure (3).

Table (5): Composition of Concrete Mixes and results

e strength
(kg/cm?)

Mix
Nano %
Cement (kg)
Gravel (kg)
Sand (kg)
Water (kg)
WR (kg)
Nano (kg)
Slump
7days  Compressiv
Tensile strength
(kglem?)
% absorption
Density (kg/m’)
p-Practical (cm™)
H- XCOM (cm™)

i [ -Mont Carlo (cm™)

9 0.176 0.182

Juy
©
()]
N
)]
o
N
al
w
o
N
w
al
o

Con. Control 350.0 1400 700 147.0 52.6 0.0 12

NS 3% 339.5 1400 700 143.0 50.9 105 10 210 286 29 3.1 2.39 0.182 0.179 0.185
NC 6% 329.0 1400 700 138.2 494 21.0 9 220 290 29 3 2.44 0.186 0.183 0.189
NMK 2% 343.0 1400 700 144.1 515 7.0 8 240 319 30 2.8 2.61 0.199 0.196 0.202
NS+NM 3%+2% 332.5 1400 700 139.7 49.9 315 105 206 272 26 2.6 2.37 0.181 0.178 0.184

K
NS+Nc 3%+6% 318.5 1400 700 133.8 47.8 17.5 11 205 272 28 2.7 2.38 0.181 0.179 0.185
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Fig. (2); XRD for nano materials

3-3-5 Microstructure 166-:USB V2, GBS Elektronik, GmbH Rossendorf), the
Nal detector is (Amcrys, type: 12512/3.VD.PA) and the
used software was WIinSPEC for spectruoguasition
and analysis. A set of collimators are used to produce
a near line beam of gamma radiation. Figure (3) shows
the setup of the detection system, the set of collimators,
the location of the sample, the gamma source, and the
front and rear vies of the collimators set. The
dimensions and locations of collimators and samples are
illustrated in Figure (4). The openings of the set of
collimators were aligned using a metallic rod that has
almost the same diameter as those of the openings. The
measting time ranges between 950 to 5000 seconds to
measure samples of different thicknesses starting from
zero (no sample) to about sample with 10 cm. The
measuring time was adjusted in such a way to keep
3-3-6 Experimental measurements of shielding statistical error in count rates always less than Bee
properties runs were performed for each sample. Since the concrete
samples are normally not homogeneous and there is a
recognized tolerance in thickness, the sample was rotated
to measure the penetration probability at three different
locations for each run. &ording to Eq.1, the linear
attenuation coefficients of the concrete specimens were
calculated from the slope of the relation between count
and the thickness (cm) [34].

The Microstructure was examined using SEM analysis
that also provided visual clear evidence of the
microstructural elements which are responsible for
improving the physical and mechanical properties.
Samples were morphologically investigated using a
sa@anning electron microscope model ZEIE8O 15
UK operating at 25 kV. To prepare the specimen for
microstructure analysis, following the strength test, the
small specimen containing hardened cement and nana
material were removed from crushing specimen and
were dried ab(’C for 1 day and then coated with a thin
layer of gold. These analyses were carried out at the
National Center for Radiation Research and Technelogy
Atomic Energy authorityEgypt.

The measured samples are prepared in cylindrical
forms of 15 cm diameters and five different thicknesses
(heights). Six groups of samples are investigated as
mentioned in sec.-3 and Table (5). Due to the existence
of some tolerance, the thickness a@fcle sample was
measured at five different locations. Shielding properties
of ordinary concrete and concrete with nano materials
samples have been investigated through measurement of _In(l,/1) 1)
their linear attenuation coefficients. The measurements x
are performed byllawing the moneenergetic gamma Where:
rays (661.7 keV) emitted from a 87 point source to €: Linear attenuation coefficient, ¢
penetrate the sampl es and |y The countof gamma rays (Wiut absorber) vl (T
detector. To reduce the time of measurement, |x: The count of gamma rays (at each specimen
twoCsl137 sources with &3%ot thickness)
were placed together. The used gamma ray spectromete

_ . X: Specimen thickness, cm
system is composed of a Multichannel Analyzer (Model:

Arab J. Nucl. Sci. ApplVol. 56, 3, (20233)
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Fig. (4): Dimensions and locations of collimators

Table (6): Fraction of elemental compositions for ordinary concrete and concrete containing hano materials

Atomic Fraction (20)

Element NS+NMK NS+NC
Control NS 3% NC 6% NMK 2%
3%0+2% 3%+6%0
H 0.64 0.64 0.64 0.64 0.64 0.64
o 49.64 49.69 49.69 49.67 49.71 49.74
Si 30.49 30.61 30.64 30.56 30.69 30.76
Al 4.58 4.56 5.38 4.56 4.55 4.61
Fe 1.21 1.19 1.17 1.20 1.18 1.15
Ca 8.99 8.82 8.66 8.88 8.71 8.49
Mg 0.26 0.26 0.25 0.26 0.25 0.25
S 0.20 0.19 0.18 0.19 0.19 0.18
Na 1.72 1.73 1.72 1.72 1.72 1.72
K 1.90 1.90 1.92 1.91 1.91 1.92
3-3-5 Theoretical Calculations of linear attenuation for elements, compounds and mixtures. It performs
Coefficient calculations based on narrow beam penetration probability

Two methods are considered to determine the theoretical through homogeneousamples. Consequently, the linear
linear attenuation coefficients for the samples. They include attenuation coefficient for ordinary concrete samples is
using the online XCOM database and Monte Carlo calculations. obtained assuming their homogeneity. The fraction of

A) XCOM elemental compositions for ordinary concrete and concrete
. . taini terial d in XCOM i i
The XCOM [35] is an available web database that can be :—Z&Z”(“ar;g nano maternials used in are given in

directly used to calculate the mass attenuation coefficient

Arab J. Nucl. Sci. ApplVol. 56, 3, (20233)
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P e

Fig. (5): Exact modeled setup as drawn by the MCNP visual editor with particle collisions

B) Monte Carlo

The MCNP general Monte Carlo Code is used for
estimation of the linear attenuation coefficient of ordinary

concrete samples, and samples with nanomaterials. Two
cases are considered. First, exact modeling of experimental

setup for ordinary concrete measments is carried out to
check the model validity. Secondly, ordinary concrete

samples with nhanomaterials are modeled to determine any

changes in the shielding properties.

a) Modeling of experimental setup for ordinary
concrete

The experimental setup rfeordinary concrete is modeled
as shown in Figure (3) using the MCNP Code. Figure (4)

shows the dimensions and locations of the used collimators.
Figure (5) presents the modeled setup as drawn by the

MCNP visual editor. Photon tracks (interactions) are als
illustrated in the Figure indicating the exact modeling

without any source biasing variance reduction technigues.
tally

The MCNP Pul se height
absolute full energy peak efficiency of the detector at the
0.662 MeV gammaay erer gy . Cal cul

allow the determination gf through fitting the exponential
absorption relation I/lo=expf x ) , w hndlrare thé o
intensity of unrattenuated and attenuatediedgion in the
absorber medium, respectively. Material card is used to
define material composition of the ordinary concrete
sample by weight fractions as given in Tabl@. (The
number of histories is selected and defined in the MCNP
npscard to keep statistical error in MCNP calculations less
than 1%. (2e8 35 min uncert 0.5%).

b) Modeling of concrete with nanomaterials

The validated model of ordinary concrete is modified to
investigate the effect of nanomaterials. Figure (6) shows
a drawing for the MCNP model used to estimate the linear
attenuation coefficient for ordinary concrete and concrete
with nano material samples. A mono energetic (0.662 MeV)
mono directional (DIR=1) point source is defined in the
MCNP SDEF card. A set of lead collimators is considered
to define a narrow beam of radiation. Samples with
nanomaterials of 1®&m diameter anddifferent heights
(1-10 cm) are modeled. Moreover, the MCNP repeated

atio
without a sample, and with samples of different thicknesses

structure geometry feature with the U (universe), FILL,
LAT (lattice) associated cards is employed to create the
nanestructure material. A lattice of type 2, RHP (Right
Hexagonal Asm) is filled with two universes (ordinary
concrete and nansilica), (ordinary concrete and nano
ceramic) and (ordinary concrete and nametakaolin) for
samples with 3% NS, 6% NC and 2% NMK by mass
respectively. However, three universes are used tohgll
lattice for samples with hybrid nanomaterials (NS 3%+NC
6%) and (NS 3%+NMK 2%) respectively. Nano materials
are defined as spheres of XAem diameters and densities
of 1.989, 2.5 and 0.923 ég for NS, NMK and NC
materials, respectively. The buihg) unit is composed of a
hexagonal prism that contains the spheres of nanomaterials.
The number of spheres inside a prism is calculated using
their volumes and densities relative to the mass of ordinary
concrete in the prism. The atomic fractions of tlenental
composition for nanomaterials are given in Table (7).
Figure (7) shows the repeated structure of the MCNP model
created to estimate the linear attenuation coefﬁcientst f%r
samples with 3% NS. A thredtimensional drawing created
by the 3D Ray Trang capability of the MCNP for the one
building unit of samples with 3% NS is presentedrigure

(8). The 3D drawing is treated with a cookie cutter cell to
illustrate the nanopatrticles inside.

+

Front surfaceused fo

Air

Pt J ‘

Concrete with naﬂ I

material

Pt ‘

Point Sourc)_
Fig. (6): MCNP model
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Table (7): Atomic fractions of elemental composition

of nanomaterials

Atomic fraction (20)

Element NS NMK NC
(@] 65.25 64.60 52.40
Si 31.80 29.87 26.00
Al 0.06 0.36 0.26
Fe 0.44 0.80 1.00
Ca 0.22 0.22 0.22
Mg 0.05 1.00 -

S 0.01 - -
K 0.02 2.91 2.00
Na 1.19 - 1.00
ClI 0.71 - -
Ti - 0.23 -
Zn - - 1.00

Fig. (7): Repeated structure of the MCNP model

2.7

2.6

25

2.4

Denisty kg/m

2.3

22

11

Con NS 3 NC 6
Mix

NMK 2 NS+NMK NS+ Nc

Fig. (8): Tracing capability of the MCNP

4-RESULTS AND DISSECTION

4-1 Properties of Fresh concrete

According to ESS1658/2006 [32], the concrete's

However, the slump of NMK was decreased by 33.3%
compared to the control mix. This may be attributed to
the large specific surface area of nano metakaolin which
absorbed more water from concrete than nano silica and
nano ceamic, which is partially in confirmation of
previously reported results [36].

14

12

4

2

0o
Con NS 3 NC 6

NMK 2 NS+NMK NS+ Nc

i
[e<] o

Slump (mm)
(2]

Mix

Fig. (9): Slump of concrete mixes

Fig. (10): Density of concrete mixes

4-2 Mechanical Properties of Concrete
4-2-1 Density

The results of density of all mixes are presented in Table
(5) and Figure (10). As expected, the NMk mix has a
higher density than that of the control, NC, or NS mix.
The high density was due to the small size of NMk
particles when compared with NC orSNparticles as
shown in Table (3) which result in a low pour in the
mixture of concrete. This is confirmed by SEM
micrographs shown in Fig. (21). However, the hydration
degree of cement particles increases due to the nucleation
of nano ceramic or nano sii and pozzolanic reaction
which causes additional hydration products to fill the
particles pores resulting in a decrease in the porosity and

workability is measured in terms of slump. The slump of an increase in the density compared to the control sample.
all mixes is shown in Figure (9). It can be observed that The addition of hybrid nanomaterials leads to a deereas
the slump of concrete with nanomaterials was decreasedin the porosity and resulting in a slight increase in the
than the control mix by about 16.7, 25, 12.5, and 8.3% density as shown in Figure (10). These results are in

for NS, NG NS+NMK and NS+NC respectively.

Arab J. Nucl. Sci. ApplVol. 56, 3, (20233)
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4-2-2 Compressive Strength 4-2-3 Tensile Strength

In Table (5), the test results of the compressive strength  As illustrated in Figure (12), it is noted that the tensile
for all mixes at 7 and 28 days are presented. Three strength of NMK samples exhibits the highest value. In
measurements samples were used to get the average of eafact, the NMK uses two mechanisms to increase the
result. From Figure (11), it can be noticed that the tensile strength of hardened cement mortar. The first
compressive strength of corte increases when replacing mechanism involves the effect of NM&S filler packing
the cement with nanomaterials. Among all mixes, the NMK intermittent voids inside the skeleton of the hardened
mix showed the highest increase in compressive strength by microstructure of cement mortar, so improving both its
22.7 %. This may be attributed to the improvement of the density and strength. The pozzolanic effect is the second
cementitious materials by the reaction of NMK and CH mechanism. In the NS samples, the pozzolanic reaction
generated by cement hydration to produce ext@&Hand between calciunmydroxide and amorphous silica is slow
hexagonal hydrated calcium aluminate (mosthAld:s) during extended moist curing, but it responds quickly in
[38]. Additionally, SEM imagesconfirmed the main an alkaline environment, such as the pore solution of
contribution of the pozzolanic interaction between the freshly mixed Portland cement mortar. It is obvious that
various materials, as shown in Figure (ZHe following is NMK and portlandite or calciushydroxide (CH) can
an explanation of how the addition of NMK improved the react and result in the formation of additionab® that
chemical and physical properties: The microstructure of is identical in composition and structure to that produced
cement paste became denser when NMK's -fittea by the hydration of Portland cement. (18). Much research
particles filled in the cement's pores. Excess calcium silicate NS confirmed that using NS in concrete fills the pores in
hydrate (GSH) produced by the pozzolanic reaction of e concrete matrix fale also acting as a nano.
NMK with free lime released during the hydration process reinforcement and filling agent and enhancpg the tensile
is deposited in the pore system, improving the mechanical S”e_”gth' [43,46]' More.over, the use of NC in concrete
properties [18]These results were confirmed by another exhibited .a higher teh5|le strength compared to that of the
research [21].Moreover, the compressive regth of control mix as found in the work dfawfik et al.[12].
concrete with NS is higher than the control samples by 10% 350
due to the pozzolanic reaction of NS as in [8H. Tawfik 200 w28 days m7 days
et al. [12], studied the effect of NC and NS on the
properties of concrete, they found that when using NC up to
6%, NS up to 3%nd hybrid of NS and NC, it enhances the
mechanical properties of concrete. The increment in the
compressive strength of NC samples as compared to the

, , 200
. ) . . . 7
control samples due the additional surfaces of NC. For o
the heterogeneous nucleation of hydration petglsuch as 50

calcium hydroxide (CH), calciursilicatehydrate (GS-H), 0

and other hydration products, it may be supplying Mix NMIKZ - NSHNMIKC NS+ Ne
additional sites and locations. Additionally, the uniform
distribution of ceramic grains reduces the distance travelled
by ions from tle active minerals to the nucleating sites. 31
Those effects have the power to effectively boost cement
hydration rates and heterogeneous nucleation densities
Science, the NC pozzolanic reactions result in stronger
binding phases that enhance contacts betwmsnent
hydrates and ceramic grain particles. The mechanical
attitude of the N&ement materials is simultaneously

affected by those chemieghysical influences4R2]. Binary
mixes (NS+NC or NS+NMK) showed a small increase

250

Compressive Strength (kg/én

Fig. (10): Compressive Strength at 7 and 28 days

JI”I[

NN W
® © O

Tensile Strength (kg/cth
B3R & 88X

N
N

compared with that of the control sample. This is due to the NMKC2 - NSHIMK NS+ Ne
double effect of nano silica and nano ceramic or nano silica Mix
and nano metakaolin on the substantial properties. Fig. (11): Tensile Strength at 28 days
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4-3 PhysicalProperties of Concrete work, the highest average linear attenuation coefficient
was found in (NMK) samples. The gamma attenuation
for concrete with nano metakawlin is 0.196 “tm
‘corcrete with nano ceramic is 0.183 éntoncrete with
nano silica is 0.179 ci (NS+NC) and (NS+NMK);
concrete with hybrid nano materials; is 0.178 and
0.179 cmt respectively, and, finally, in the common
concrete without nanomaterial (control conejetvas
0.176 cm'. These values are compatible with those
reported in earlier publications [48]. The simulation
linear attenuation coefficient was calculated using
equation 1, by applying the intensity ratio (I/lo) obtained
from the results of the MCNR%in and XCOM program.
The interpretatiomf the results of yields that when the
density increases due to incorporating nanomaterial in
concrete, the linear attenuation coefficient increases. The
highest increase in attenuation coefficient was in NMK
corcrete due to thdineness of NMK than the other

4 nanomaterials which were used in this research. The

NMK fills the pores and voids in cement paste that leads
increasing the density. The validation of the MCNP
model has been verified by comparing experimesa
calculated linearattenuation coefficient as shown in
Figure (16). The relative difference between the
experimental and the MCNP values is found to be about
1.553% higher than experimentasults, this may be
Con NS 3 NC 6

Table (5) provides a summary of the test results for the
water absorption of all mixes at 28 days. The average of
three measurements is used to calculate each value. |
can be observed that wusing nanomaterials as
a replacement of cent decreased voids, pores, and
improved the homogeneous characteristics of conarete
all mixes compared with the control mix. The percentage
of decreases in water absorption were [11.41%,
14.28%,20%, 25.71% and 22.85%] at NS, NC, NMK,
Ns+NMK, and NS+NCmixes respectively as shown in
Figure (13). This decrease is attributed to the filler
effects of nanoparticles and their pozzolanic activity.
One more observation is that the pozzolanic reaction and
the filler effect of the nanoparticles have improved the
interfacial transition zone in concrete. These findings
confirm the results of Nazari and Riahi [47].

Water Absorption (%)
= N w
- (4] N [¢;] w (4]

o
13

due to many reasons which magclude the non
NMK2  NS+NMK NS+ Nc homogeneity of thenaterial compositions, the tolerance
Mix in the thicknesses of the samples, and statistical errors in
counting rates and positioelated errors. All these
sources of errors could be avoided in simulation models
and XCOM progam. Figure (17) demonstrates the
relation between the sample thickness and In(lo/l). The

relation is directly proportional considering all control
Results of gamma attenuation are illustrated in Table 3nd nano mixes.

(5) and Figures (346). The results include sample
thickness (X), e I X = |
coeffici'ént alned, decemsi ty. 1
Table (5) are the average of five difént tests
conducted on five different thicknesses of the same mix.
The experimental results and MCNP5 calculations for
control and samples containing nano materials are
presented in Figures (14 and 15). It is clear from the
Figures that the penetratiomopability of radiation is
higher for control samples than for samples containing
nanomaterials. This means that nanomaterials improve
the shielding properties of concrete [48]. Figure (15)
shows the comparison between the simulation results of
linear atteuation coefficient using MCNP code, XCOM
program and experimental values. From ekperimental

o

Fig. (13): Water Absorption of all Mixes

4-4 Experimental and Theoretical results of linear
attenuation coefficient

ruat i

Count &

Thickness cm
—o—Control —#—Ns Nc NMK —#=NC+NMK —@—NS+NC

Fig. (14): Experimental results for all mixes
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Fig. (15): Monte Carlo simulation for all mixes
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Fig. (16): Comparision between experimental and
theoritical work for all mixes
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Fig. (17): The relation between sample thickness and
In (lo/l)

The validation of the MCNP model has been verified by
comparing thexperimental and calculated linear
attenuation coefficient as shown in Figure (7).

4-5 Results of XRD Analyses

X-ray diffractograms of concrete with nano particles
hydrated for 28 days are shown in Figure (18). The Figure
shows that the concrete ¢aiming nano silica (NS
concrete) has less intensity diffraction lines corresponding
to CGH and more intensity diffraction lines with
characteristics for <&-H compared to the corresponding
lines of the control mix). This is caused by the pozzolanic
interaction between the nano silica andHCresulted in
more GS-H phases [39]. Furthermore, the same results
were shown in concrete containing NC or NMK when
compared with the control sample, the intensity of the CH
peak decreased and remarkably increasechtbasity of
C-S-H in each mix with the incorporating of NC or NMK.
This is due to the acceleration growth of th&#@ by the
nucleation effect of the NC and NMK and the pozzolanic
reaction which gets more-&H as described in other
studies [26, 33]. Thelenser the concrete is, the greater
intensity of diffraction lines for &-H. Indirectly, it will
improve the properties of the concrete as shown in NMK
concrete as it has a higher mechanical property when
compared with other samples as described in sear
in another work [40]. The intensity of diffraction lines of
characteristics for (Q) quartz appeared for NS
at (2d) = 22.1, for NC at
= 26.88, this agreed with the XRD analysis of nano
particles as shown in Figure (2). Figures (19 and 20) show
that the diffraction lines corresponding to-S3H in
(NS+NC) was less than those of the corresponding lines
of the NS or NC mix and slightly higher intensity of the
diffraction lines of charactetiss for GH for (NS+NC)
than those of the corresponding lines of the NS or NC.
Additionally, the same behavior occurred when mixing
the NS and NMK, which reflected the dual effect of
nanomaterials as illustrated in mechanical properties

— WK
|—— HIC
NS
=y Canira
Q —
LI |f’ ] llz.._Hl
C-H || |
f— il b P
) B

Fig. (18 : XRD pattern of concrete containing different
nano materials
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Fig. (19): XRD pattern of concrete containing NS+NC
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Fig.(20). XRD pattern of concrete containing NS+NMK

4-4 Microstructure

and low GS-H crystals, furthermore, it has high ratio

of porosity and less homogeneity compared to that
samples with nanoparticles. Itrisadily visible in Figure
(21-b) that adding nano silica results in the reduction of
the amount of cumulative incursion related to porosity
compared to the control sample. Porosity decreases with
the addition of nano silica compared with the control
sampe. It can be attributed to the finesse of nano silica
which fills the pores and leads to denser matrix. In
addition, it is notable that incorporating the nano
ceramic, makes the sample denser than the control
sample, and thus, the initial voids, flaws, agdps
between particles are filled with new hydrations
progressively (€5-H) from pozolanic reaction as shown
in Figure (21C). The microstructure of the concrete
containing NMK appeared to be much denser matrix
than the control sample, NS, and NC samplégh is
attributed tothe high fineness of NMK particles which
can fill the pores between cementitious material particles
in the microstructure as shown ikigure (21D).
Furthermore, The NMK acts as a link between micro
cracks to prevent the formation afew cracks in
concrete and enhance its mechanical properties.
Additionally, NMK forms a more compact structure.
These findings are compatible with other studies [50,
51]. The microstructure of the sample containing
NS+NC appeared quite dense and compadth w
relatively fewer capillary pores as compared to the

The morphological features changes of concrete control sample. It could be clearly observed that the

effects of the nanomaterials compared with the control 54ding NS or NC or NMK. It is also clear that the

concrete and the results are shown in Figure (Ri).

nanoparticles enhance the concrete®e fpores. This

Figure (21a), the microstructure of the control sample is  coyld explain how nanoparticles contributed to improve
presented, there are more unhydrated cement particlesthe mechanical properties indicated in Se. 4.

N

. Unhydrz*nem
4 :
L particles "N

(a) Control Concrete
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(D) Concrete with NMK
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(E) Concrete with NS+NC (F) Concrete with NS+NMK
Fig. (21): Microstructure of all mixes

5- CONCLUSION wit h 2. 16 %, NS with 1. 6%.

The present work shows the simulation of linear was found in the hybrid nano concrete mixes.

attenuation coefficient with the Mont Carlo and XCOM 2- The relative difference between the experimental and
program of concrete containing nanomaterials NS, NCor  the MCNP values of attenuation coefficient was
NMK and their hybridization comparing with the found to be about 1.553% higher than the
experimental results. The nanomaterials were added experimental, whilethe relative difference between
percentages of 3%, 6% and 2% as a replacement of XCOM and MCNP was about 1.658%.

cement weight for NS, NC and NMK respectively. 3 The nanomaterials increase the shielding of the
Moreover, the physical, mechanical properties, SEM and  qncrete and lead to a proper filling characteristic and

XRD of the concrete were investigated. Based on the  hence increasing the concrete density. The increase in
results of the laboratory tests and the theaakstudies, attenuation coefficient diotly leads to a decrease in
the following conclusions can be drawn: the designed concrete thickness.

1- The gamma attenuation coefficient results showed 4. \water absorption decreased due to the use of

that the highest increasepaipphttides The highest© feductioh €in M&dtt e

Carlo simulation was in concrete containing NMK absorption was 25.7 % measured in the NS+NMK
with a percentage increase of 7.08% followed by: NC samples.
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