Research on Engineering
Structures & Materials

WWW.jresm.org

2 » Recacenn Improvements of mechanical and physical features of
Loeav., Engineering Structures
w M S cement mortar by nano AL203 and CaCOs as additives

VOLUME 10 ISSUE1 FEBRUARY 2024

Abeer M. Humad, Ali J. Dakhil, Samer A. Al-Mashhadi, Zainab Al-
Khafaji, Zainab Adel Mohammed, Sarah Fadel Jabr

Online Publication Date: 10 December 2023
URL: http://www.jresm.org/archive/resm2023.43me0806rs.html
DOI: http://dx.doi.org/10.17515/resm2023.43me0806rs

< A Journal Abbreviation: Res. Eng. Struct. Mater.

To cite this article

Humad AM, Dakhil JD, Al-Mashhadi SA, Al-Khafaji Z, Mohammed ZA, Jabr SF. Improvements
of mechanical and physical features of cement mortar by nano AL,0Os; and CaCOs as additives.
Res. Eng. Struct. Mater., 2024; 10(3): 857-871.

Disclaimer

All the opinions and statements expressed in the papers are on the responsibility of author(s) and are
not to be regarded as those of the journal of Research on Engineering Structures and Materials (RESM)
organization or related parties. The publishers make no warranty, explicit or implied, or make any
representation with respect to the contents of any article will be complete or accurate or up to date. The
accuracy of any instructions, equations, or other information should be independently verified. The
publisher and related parties shall not be liable for any loss, actions, claims, proceedings, demand or
costs or damages whatsoever or howsoever caused arising directly or indirectly in connection with use
of the information given in the journal or related means.

Published articles are freely available to users under the terms of Creative

Commons Attribution - NonCommercial 4.0 International Public License, as
BY NC

currently displayed at here (the “CC BY - NC”).



http://www.jresm.org/archive/resm2023.43me0806rs.html
http://dx.doi.org/10.17515/resm2023.43me0806rs
https://creativecommons.org/licenses/by-nc/4.0/legalcode

Research on Engineering
Structures & Materials

Www.jresm.org

Research Article

Improvements of mechanical and physical features of cement
mortar by nano AL,03; and CaCO; as additives

Abeer M. Humad?.2, Ali ]. Dakhil2b, Samer A. Al-Mashhadil<, Zainab Al-Khafaji34"4,
Zainab Adel Mohammed5«, Sarah Fadel Jabréf

1Civil Eng. Dept., College of Engineering, University of Babylon, Babylon, Iraq

2Dept. of Roads and Transport Eng., College of Eng., University of Al-Qadisiyah, Al-Qadisiyyah, Iraq
3Dept. of Civil Eng., Faculty of Eng. and Built Environment, Universiti Kebangsaan Malaysia, Malaysia
4Imam Ja’afar Al-Sadiq University, Qahira, Baghdad, Iraq

sBabel Tower for Studies and Scientific Research com

6College of Materials Engineering, University of Babylon, Iraq

Article Info Abstract

The impact of Nanoparticles of (AL,0;and CaC0s) particles on the features of

Article history: cement mortar was explored in current research with a mean diameter of

~50nm, and 100nm in three various amounts of 1, 3, and 5% substitution by
Received 06 Aug 2023 cement’s weight as binary blending materials with fixed water/cement
Accepted 10 Dec 2023 proportion 0.46. Cement mortar's mechanical and physical features

(compressive strength, density) were tested after 7 and 28 days. The findings
Keywords: illustrated that utilizing nanoparticles of AL,0; improved the mortar

compressive strength at early ages at 7 curing days better than 28 curing days,
Cement mortar; and 3% of substitution was the optimal proportion. Also, utilizing nano-CaC05
AL,03and CaCO3 as a binary blending mixture with substitution proportion (1, 3, 5%) by cement's
nanoparticles; weight improved mortar compressive strength at early ages at 7 curing days
Compressive strength; better than 28 curing days. However, there were no apparent effects when
Density; nanoparticles of (AL,0; and CaCO;) were replaced on the density and ultrasonic

pulse velocity of cement mortar at 7 and 28 days. The interaction impact of
substitution 1 and 3 percent of nanoparticles of (AL,0; and CaC05) particles to
cement mortar increased the CS by (28 and 74%) at 7 curing days and (30 and
42%) at 28 curing days, respectively.

Ultrasonic pulse
velocity

© 2024 MIM Research Group. All rights reserved.

1. Introduction

Ordinary Portland cement (OPC) is a type of cement that is commonly utilized in concrete
and mortar. It is made by heating limestone and clay at high temperatures and grinding
the resulting material into a fine powder [1-3]. OPC is the most common type of cement
utilized in various applications, including foundations, driveways, sidewalks, and walls. It
also creates various structures, including bridges and dams [4,5]. OPC is highly durable
and has a long-life span. It is also relatively inexpensive and has a high compressive
strength (CS), meaning it can withstand much pressure. OPC concrete is made by mixing
OPC with water and aggregate (sand, gravel, or crushed stone). This mixture is then poured
into forms and allowed to harden. OPC concrete is strong, durable, and has a long life span,
making it a popular choice for construction projects [6].

Portland cement is an essential concrete component, producing significant amounts of CO2
throughout its manufacturing process [7]. The primary sources of CO2 emissions come
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from burning fossil fuels (coal and natural gas) utilized to heat the rotary kiln and from the
calcination process [8,9]. Other sources of emissions include the burning of fuels to drive
the grinding and mixing equipment and the movement of materials throughout the cement
manufacturing process [10,11]. However, several alternatives to OPC can be utilized in
place of it [10-21]. These alternatives include fly ash, slag cement, silica fume, and the
Nanomaterials that have recently been utilized in a cement matrix, which involved various
types, including Nanoparticles of Si02, TiO2, AL,0;, carbon Nano-fibers, Fe203, and
CaCO0;. It was detected that the nanomaterials utilized in cement and concrete improve
their mechanical, physical, and other features [22].

Ali Nazari et al. [23] explored the impact of AL,0; with nanoparticles on the strength of
concrete. Nano-AL,0; with four various amounts of 0.5, 0.1, 1.5, and 2.0 percent by
cement's weight. The mean particle size of AL,0; with nanoparticles is 15nm, with a
water/binder proportion of 0.40. Cubes with a 100mm edge were cast and compacted in
two layers on a vibrating table. The CS of concrete made without add had (27.3, 36.8, 42.3)
MPa at (7, 28, and 90) days. However, by increasing AL, 05 nanoparticles to 2.0, the CS had
(27.5,37.7, 42.6) MPa at (7, 28, and 90) days, respectively. It indicates a reduction in CS
with no discernible cause. According to the researcher, "it might be since the AL,0;
nanoparticles greater than the required amount to incorporate with liberated lime
throughout the process of hydration, resulting in excess silica leaching out and causing a
deficiency in strength as it substitutes some of the cementitious material but does not
contribute to strength. Additionally, the weak areas might result from faults created
throughout the dispersion of nanoparticles.

Arefi et al. [24] investigated the impact of adding AL, 05 nanoparticles on cement mortar
features. AL, 05 nanoparticles with a mean particle size of 20nm were utilized with three
amounts of 1, 3, and 5 percent by cement’s weight—water/binder proportion of 0.42. For
compressive tests, cubes of size 50x 50 x50 mm in three layers were cast and compressed
by 10 impacts of a steel rod. This study illustrated that CS without add had 11.96MPa at 7
curing days, while concrete made with 1 percent of AL,0; with nanoparticles had (17.25
MPa), with 3 percent had (19.54MPa). However, by increasing AL,0; nanoparticles to 5
percent, the CS had (10.9 MPa). That means the mechanical features are reduced severely
by increasing AL,0; nanoparticles to 5 percent. The researcher thinks it may be due to
reduced nanoparticle distance and Ca (OH)2 crystals since limited space cannot grow to
the appropriate size. This factor, along with the agglomerated nanoparticles, causes a
reduction in CS.

Liu et al. [25] investigate the impact of nanoparticles of CaCO; on cement paste.
Nanoparticles of CaC0O; were added to three various substitutions (1, 2, 3 percent) of
cement weight and the mean particle size (15-50) nm. The water/cement proportion was
0.45. The CS test was done at 7 and 28 curing days. Samples were cubic bars with the size
(20*20*80) mm. The result illustrated that the CS in the two ages increased with CaCO;
until it reached 20 percent and then reduced when CaC0O; was 2 percent; the CS had (111.2
percent and 108.6 percent) at age (7 and 28) curing days, respectively. “Since the
consuming and refinement of Ca(OH): grain, which occurred throughout the hydration of
cement, especially at early ages".

Barbhuiya et al. [26] Conducted a study to find the impact of AL,0; with nanoparticles on
the CS of cement paste at an early age. AL, 05 with nanoparticles with a mean particle size
of 27-43nm were utilized, two various replaced with 2 percent and 4 percent by cement's
weight, the water-to-binder proportion of 0.4. Cubes of 50mm size were cast and vibrated
on the vibration table. The CS of hydrated cubes was calculated at 1, 3, and 7 curing days.
This research illustrated that the CS of cement paste having 2 percent and 4 percent nano-
AL, O, increased slightly at 1 and 7 curing days. It was noticed that adding nano-AL, 0 in
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cement paste does not directly impact CS because the changes in CS at 1, 3, and 7 curing
days are minimal.

AL Ghabban et al. [27] explored the impact of nanoparticles of CaCO; in concrete.
Nanomaterials were added in four various substitutions (1, 2, 3, and 4 percent) of cement
weight in the concrete mixture, with a water/binder proportion of 0.32. The test samples
utilized were cubic with dimensions (150 *150*150) mm for the CS test. The result that
concretes made with (0, 1, 2, 3, and 4 percent) had (52, 54, 58, 60, and 63) MPa at 28 curing
days. It has been detected that an increase in CS (4 percent) at 28 curing days, and the
optimal dosages for nanoparticles of CaCO; were 4 and 3 percent, respectively, for
improving the mechanical features of concrete.

Cosentino et al. [28] conducted to find the impact of nanoparticles of CaC0O5 in cement
mortar. CaC0O; nano partials with a mean diameter of 60nm were utilized with four
different substitutions (1, 2, 3, and 7 percent) of cement weight. Cement mortar made
without add had 40.16 MPa at 7 and 53.28 MPa at 28 curing days. Substitution of
nanoparticles of CaCO; with (1, 2, 3, 7 percent) had (40.16, 43, 38, 44.16) MPa respectively
at seven days, and (53.28, 55, 51.78, 50.81) MPa respectively at 28 curing days. The CS
increased by 7 percent for seven days, but at 28 curing days, the CS reduced. Since poor
dispersion and the agglomeration phenomena of the nanoparticles in the slurry and the
cement matrix."

Jawad et al. [29] determined the impact of various nanomaterials on the CS of cement
mortar. Four amounts of AL,0; with nanoparticles were utilized as a partial substitution
of 1, 1.5, 3, and 5 percent by cement's weight. W/C proportion of 0.45. Cubic samples with
dimensions 50x 50 x50mm of cement mortar were produced for CS after 7 and 28 curing
days in water. The CS without add had (22, 26) MPa respectively at (7, 28) days.
Nevertheless, with (1, 1.50, 3, and 5 percent), the CS recorded (23, 27.7, 32, 33) MPa at
seven days and (26.5, 30, 36, 38) MPa, respectively, at 28 curing days. It has been detected
that the CS of mortar can be increased gradually by increasing the amount of AL,0; with
nanoparticles up to 5 percent by the weight of cement. The increase in CS of cement mortar
since the fast consumption of Ca(OH): developed throughout the Portland cement
hydration, especially early, is related to the high reactivity of AL,0; with nanoparticles.

Iskra-Kozak and Konkol [30] illustrated the impact of AL, 05 with nanoparticles on cement
mortar's physical and mechanical features at early and later ages. Four amounts of 1, 2, 3,
and 4 percent of AL,0O; with nanoparticles, respectively utilized by cement's weight. The
water/binder proportion was 0.5, and the binder to the sand proportion was 1:3. Three
samples of each additive were made, and the CS of the mortars was tested after 7, 28, and
90 days of curing. The CS without add had (28.2, 36.9, 42) MPa respectively at (7, 28, 90)
days. Nevertheless, with (1, 2, 3, and 4 percent) the CS recorded (34.1, 32.4, 31.6, 29.9)
MPa, respectively, at seven days, had (39.5, 40.0, 39.6, 36.8) MPa, respectively at 28 curing
days and had (47.3, 46.3, 44.6, 44.1) MPa respectively at 90 days. The highest CS of mortars
is observed by adding 1 percent AL,0; with nanoparticles. However, with the increase of
the addition of nano alumina oxide, the CS of the mortar reduced since the nanoparticles
of AL,0; lead to the formation of agglomerates in the structure of the mortar, and this
phenomenon findings from the high specific surface area of the AL,0; with nanoparticles.

Muhsin and Fawzi [31] explored the impact of nanoparticles of CaCO; on concrete.
Nanomaterial was added in three various substitutions (0.75,1,1.5 percent) of cement
weight. The mean particle diameter is 100 nm. By utilizing standard cubic samples
(50*50*50) mm, the findings illustrated that the CS increased (11.4, 39.3, 23.7 percent) at
seven days, (5.8, 28.2, and 4.6 percent) at 28 curing days. Also, the result demonstrates
that 1 percent of nanoparticles of CaC0; give the highest CS at all ages. "Since there is high
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surface energy throughout the hydration process, they grow and form a clump with
nanoparticles as a nucleus that work on increasing and accelerating the hydration process.

Many studies have been directed toward improving the mechanical features of cement
mortar by utilizing nanoparticles, including nanoparticles of (AL, 05 and CaCO;) particles.
Most researchers noticed that substituting AL,0; with nanoparticles up to 4 percent and
5 percent by cement weight reduces the CS of cement mortar. At the same time, some
authors observed that substituting 5 percent of AL,0; with nanoparticles increases the CS,
and others observed that substituting AL,0; with nanoparticles did not impact CS. Most
researchers noticed that with substitution nano-CaC0O5; up to (3,4, and 7 percent) by
cement's weight, the CS increased at 7 and 28 curing days, while some observed the CS
reduce at 7 and 28 curing days. Previous research found findings inconsistent when
utilizing various proportions of nanoparticles of (AL,0; and CaCO03). Therefore, this
research aims to study the impact of adding nanomaterials, including [nanoparticles of
(AL,0; and CaCO03)], to cement mortar and find the best percentage of adding
nanoparticles to improve cement mortar's physical and mechanical features.

2. Material and Methodology
2.1. Materials
2.1.1. Cement

Ordinary Portland cement was utilized; the physical and chemical features are illustrated
in Table 1. This work utilized locally available natural sand with a fineness modulus of 2.17
as fine aggregate. The grading of this aggregate was zone 3 as limits of Iraq requirements,
No.45/1984.

Table 1. The chemical and physical features of cement.

Amounts
Chemical composition ng)ght Limits of Iraqi Rf(:;llzl_l;efglents NO0.5/2019
%)
Cao 60.60 -
Si0: 19.80 ---
AL203 4.80 ---
Fe203 3.00 ---
MgO 3.50 < 5.0 percent
SOs3 2.22 < 2.8 percent if C3A > 3.5 percent
Loss on Ignition (L.0.1.) 3.10 < 4.0 percent
The insoluble residue (I.R.) 0.70 < 1.5 percent
OPC main compounds (Bogue's Eq.)
Tricalcium silicate (C3S) 59.63
Dicalcium silicate (C2S) 11.78
Tricalcium aluminate
(CsA) 7.64
Tetra calcium alumina- 912
ferrite (C4AF) )
Test name Findings Limits of Iraqi R(E[?;l;e%lents NO.5/2019
Fineness (Blaine method), -
(m2/keg) 320 > 280
Setting time (Vicat’s
method), 90 245

860



Humad et al. / Research on Engineering Structures & Materials 10(3) (2024) 857-871

Initial setting time (min.) 5 <10
Final setting time (hr.)
Compressive strength

(MPa),
Early strength (2 days) 24 =20
Standard strength (28 43 2425

curing days)

2.1.2. Supplementary Materials

Nano-AL,0; with a mean particle size of ~50 nm. The physical and chemical features of
AL,0; with nanoparticles are given in Table 2; also, Nano-CaC05 has a mean particle size
of less than 100nm. The features of CaC0O; with nanoparticles are illustrated in Table 3.
Finally, tap water was utilized throughout this work for mixing and curing.

Table 2. Physical and chemical features of nano-AL,05.

® & Purit Mean
g2 particle Density Ca K Cu Mg Fe Mn Zn Si
== y size
99.9+
1%}
3 perce
=
= nt 50 nm 31 <100 <100 <10 <50 <100 <50 <50 <100
5  (trace
T
= metal
basis)

Table 3. The physical and chemical features of nano-CaC0;.

Residue

Features Appearance Density  Size Specific MgO Moisture .LOS.S.OH on Caco,
area amount  ignition . amount
Sieve
Magnitudes White 25  >100 =220 <08 <09 44x1 <002 296
powder
The insoluble
Features Alumina + Iron oxide PH matter with Activation rate borp Zgzgrbed
acid
. 8.5-
Magnitudes <0.3 97 <0.3 295 35-55
2.1.3. Sand

Locally available natural sand is applied as a fine aggregate conforming to the
requirements of [32]. The fine modulus of 2.42 sulfate content is 0.1% with a density of
fine aggregate of 1600 kg/m 3. The fine aggregate was utilized in the surface's saturated
and dry state and has been utilized in the current study. The grading of fine aggregate is
demonstrated in Table 4.

Table 4. Fine aggregate grading

Sieve size (mm) Percent Passing %

10 100

7.75 93.5

2.36 84

1.18 75.5

0.6 50

0.3 20

0.15 4
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2.2. Mixing Procedure and Samples Preparing

In this study, nine types of mixes were produced to find the impact of nanoparticles of
(AL,05 and CaCO03) on the CS of cement mortar. These mixes were [A, B1, Bz, B3, C1, Cz, C3,
B1+C1 and B2+Cz]. Type-A mixture was produced of fine natural aggregate, cement, and
water. Types-(B1, Bz, Bs, C1, Cz, C3) were produced with various contest of nanoparticles of
(AL,0; and CaCO0;) particles. The mixes have been produced with cement substitution (1,
3, 5 percent) by weight. Types- (B1+C:i and B2+Cz) mixtures were produced with
nanoparticles of (AL,05; and CaCO0;) particles and the cement substitution (1, 3 percent)
by weight. In the initial step of mixing the nanomaterials, the binder to the sand of 1:2 and
the w\c of 0.46 (water =300 ml and cement =) was mixed in a dry condition for one minute
and another two minutes after adding the water. Cubes with size 50 x50 x50 mm for the
CS tests were cast and compacted in two layers on a vibrating table, where each layer was
vibrated for 15 s. The mold was covered for 24 hours. Then, the samples were de-molded
and cured in water for the test day. The concrete samples' compressive strength (CS) tests
were determined at 7 and 28 curing days (three samples for each mix and the average
value). The mixtures with nanoparticles of (AL,0; and CaCO;) are presented in Fig. (1)
and Table (5).

The ultrasonic pulse velocity of the high-strength concrete was measured using Pundit
Lab+ according to BS:12504 [33] requirements. It had a bandwidth between 24-500HZ.
The Ultrasonic pulse velocity (Pundit Lab+) is demonstrated in Fig. 1(b).

The density of the concrete was measured with 150x150x150 mm cubes by the ASTM C
642-13 standard [34]. The dry density of concrete cubes can be determined through a
series of steps. Firstly, the specimens are subjected to drying in an oven at a temperature
of 110 degrees Celsius for one day. After this, the specimens are submerged in water for
another day. Their wet weights are recorded once the specimens have reached a stable
state. Finally, the samples are weighed again while submerged in water to obtain the
weights. The investigation was conducted at the respective time intervals of 7 and 28 days.
The density of cubic concrete samples can be determined by employing the formula
outlined in the reference [35].

Wy

Dry density = * B, (1)

WZ—W3
Where:

W;: The dry weight of the sample (g), W,: The wet weight of the sample (g), W;: The
immersed Specimen weights in water (g), P,,: The water density equals (1 g/cm?3).

Fig. 1. (a) Various mortar cubes, (b) Test of Ultrasonic pulse velocity, (c) compressive
strength test machine.
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Table 5. The mixtures of nanoparticles of (AL,05 and CaCO05).

Nano-
e G e W dlo, Mpetald e
8 8 g (gm), % gm), 7o

A (control) 650 1300 300 - - 0.46

B1 643 1300 300 7, (1 0.46
percent)

B2 630 1300 300 20,(3 0.46
percent)

B3 620 1300 300 30, (5 0.46
percent)

C1 643 1300 300 7, (1 percent) 0.46

c2 630 1300 300 20, (3 percent) 0.46

C3 620 1300 300 30, (5 percent) 0.46

B1+C1 643 1300 300 35, (1 3.5, (1 percent) 0.46
percent)

B2+C2 630 1300 300 10,(3 10, (3 percent) 0.46
percent)

where;

A is the cement mortar mix without nanoparticles, B refers to the mixes with CaC0O; with
nanoparticles with various substitution proportions, C refers to the mixes with AL,05; with
nanoparticles with various substitution proportions.

(B+C) refers to the mixes of cement mortar and a combination of both nanoparticles with
various substitution proportions.
3. Result and Discussion

3.1. Mechanical and Physical Features

The CS, density, and ultrasonic pulse velocity (UPV) test of cement mortar with partial
substitution of nanoparticles of (AL,0; and CaC0;) by cement's weight are illustrated in
Table (6).

Table 6. Result of CS, density, and UPV for cement mortar with nanoparticles of (AL, 04
and CaCO0s3) particles.

Nano CS (MPa) Density (kg\m3) UPV (m\s)
Samples C]\ila(;l(;) AL, 0, 28 7
P (%) 3 (%) 7 days days days 28 days 28 days
A 0 0 20.5 27 2312 2320 4587
(control)
B1 1 31 33 2288 2278 4356
B2 3 385 38 2288 2294 4520
B3 5 21 37.5 2282 2309 4383
C1 1 31.6 31 2352 2336 4533
C2 3 375 33 2253 2296 4587
C3 5 33 27.5 2285 2329 4385
B1+C1 1 1 263 35 2285 2296 4533
B2+C2 3 3 35.7 383 2270 2299 4587

Fig. 2 and 3 demonstrate the CS findings of the selected mixtures before and after replacing
OPC with different nanoparticles of (AL, 05 and CaCO5) proportions, utilizing nano (4L,0;,
CaCO05,and AL,05+CaC0;) increase the CS at early ages when utilizing 1 and 3 percent, but
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increase the replacement to 5 percent lead to decrease the early ages significantly since
creating ettringite at early ages [36], and utilizing CaC0O; with 3 percent considered best
ratio for replacement.

45
— 40
e
s 35
-£=
£ 30
c
g
E 20
g 15
£ 10
S 5
0 A
Bl B2 B3 Cc1 2 c3 B1+C1 B2+(2
{control)
u 7 day 20.5 31 38.5 21 31.6 37.5 33 26.3 35.7
m 28 day 27 33 38 37.5 31 33 27.5 35 38.3

Fig. 2. CS finding various samples at 7 and 28 curing days

Fig. 3 demonstrates the CS findings of the selected mixtures before and after replacing OPC
with different nanoparticles of (AL,0; and CaCO0;) proportions, utilizing nano-AL, 05,
CaC05,and nano-AL,0;+CaCO; increase the CS at 28 ages when utilizing 1 and 3 percent,
butincrease the replacement to 5 percent lead to decrease the final ages significantly since
converting ettringite to cement's get (C-H, C-S-H) at final ages and [36-38], and utilizing
nano-AL,0;+CaC0; with 3 percent considered best ratio for replacement at final ages.

—®— Nano-CaC03(%) at 7 day —@— Nano-CaCO3(%) at 28 day

40
©
a.
2
= 35
re}
oo
c
o
% 30
[
2
g
5 25
£
o
o

20

0 1 2 3 4 5

Replacement Ratio

Fig. 3. Influence of replacing OPC with Nano (CaC0O;, AL,05, and CaCO5 + AL,03) on CS
at 7 and 28 curing days

Figs. 4 and 5 demonstrate the density findings of the selected mixtures before and after
replacing OPC with different nanoparticles of (AL,0; and CaCO;) proportions; utilizing
nano-AL, O3, increasing the density at 7 and 28 ages when utilizing 1, but increasing the
replacement to 3 percent led to a decrease the density of the early ages significantly,
utilizing nano-CaC0;, decrease the density at 7 and 28 ages when utilizing 1, but increase
the replacement to 3 percent lead to increase the density of the early ages little and notable
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for final ages. While combining nano-AL,0;+CaC0O; with 1 and 3 percent reduces the
density for both 7 and 28 curing ages, final ages give better findings than early ones.

2360 m7 day m28 day
2340
™ 2320
E 2300
bo
=
z 2280
g 2260
o 2240
2220
2200
A B1 B2 B3 c1 c2 C3

B1+Cl1 B2+C2
(control)

Sample ID

Fig. 4. Density finding for various samples at 7 and 28 curing days

It has been detected that the CS of cement mortar with AL,O;with nanoparticles (1, 3, and
5 percent) (C1, C2, C3) substitution by cement’s weight, the CS increase (54, 82, 61 percent)
at 7 curing days and (14, 22, 1 percent) at 28 curing days respectively. It was noticed that
utilizing 5 percent AL,0; with nanoparticles reduces the CS to a magnitude near the
standard sample (A). It might be because there are more AL, 05 nanoparticles present than
what is necessary to react with the freed lime throughout the hydration process, resulting
in excess silica leaking out and weakening the concrete since it only replaces a portion of
the cementitious material. Additionally, the weak areas might result from flaws created
throughout the dispersion of nanoparticles [23]. The best CS for all cement mortar
mixtures was noticed with substitution of 1 percent and 3 percent of AL,0; with
nanoparticles Because the AL,0; had high activity. The presence of nanoparticles in the
cementing system leads to the consumption of portlandite Ca(OH)2 caused by a pozzolanic
reaction, filling the capillaries, reducing the pores, and increasing the strength.

—®— Nano-CaC03(%) at 7 day —@— Nano-CaCO3(%) at 28 day
—@— Nan-AL203 (%) at 7 day —@— Nano-AL203 (%) at 28 day

2355
2335
2315 &

2295

2275

Density (kg\m3)

2255

2235

0 0,5 1 1,5 2 2,5 3 3,5 4 4,5 5
Replacement Ratio

Fig. 5. Influence of replacing OPC by Nano (CaCO3, AL,03, and CaCO5 + AL,03) at 7 and
28 curing days on density.
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4650 H 28 day
4600
4550

4500
4450
4400
4350
4300
4250
4200
A B1 B2 B3 c1 () c3

B1+C1 B2+C2
(control)

Ultrasonic pulse velocity (m\s)

Sample ID

Fig. 6. Ultrasonic pulse velocity finding for various samples at 7 and 28 curing days.

e=@== Nano-CaCO3(%) at 28 day === Nano-AL203 (%) at 28 day

2615 ==@== Nano (CaCO3+AL203) (%) at 28 day

4565
4515
4465
4415

4365

Ultrasonic pulse velocity (m\s)

4315

0 1 2 3 4 5
Replacement proportion

Fig. 7. Influence of replacing OPC by Nano (CaCO;, AL,05, and CaC0O5 + AL,05) at 28
curing days on UPV.

Furthermore, no apparent effects were when replaced nanoparticles of (AL,05 and CaC05)
with (1, 3, and 5 percent) by cement's weight in density and ultrasonic pulse velocity of
cement mortar at 7 and 28 curing days, respectively; this probably attributed to the size of
cubes were small with dimensions (50x 50% 50) mm as illustrated in Fig. 6 and 7.

For CaC05 with nanoparticles replaced by (1, 3, and 5 percent) (B1, B2, B3) by cement’s
weight, the findings illustrated that the CS increase (51, 87, 2.4 percent) and (22,40,38
percent) at 7 and 28 curing days respectively. It was noted that the increase in CS at (1
percent and 3 percent) because the CaC0O; with nanoparticles are chemically stable and
filled the pores and increased the surface activity.

In the case of a combination of substitution of nanoparticles in cement mortar cubes having
combined 1 percent and 3 percent (B1+C1) and (B2+C2) nanoparticles of (AL,0; and
CaCO0s). The substitution of 1 percent and 3 percent of nanoparticles of (AL, 05 and CaCO05)
to cement mortar increased the CS (28 and 74 percent) at 7 curing days and (30 percent
and 42 percent) at 28 curing days, respectively. Because the AL, 05 nanoparticles had high
activity, the present nanoparticles in the cementing system led to the consumption of
portlandite Ca(OH)z caused by a pozzolanic reaction that fills the capillaries, reducing the
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pores and increasing the strength. The CaC0O; with nanoparticles filled the pores and
increased the surface activity.

3.2. Statistical Analysis of Results

Determining which substitution proportion of nanoparticles significantly affects the
explored parameters is possible by utilizing a completely randomized design and
implementing two-factor ANOVA without replication. Hence, tests of samples' mechanical
and physical parameters (i.e., CS and density) on one sample of each of the nine cement
mortar mixes. Table (7) presents the CS and density based on the substitution proportion
(treatment) per curing age.

Table 7. Data for two-factor ANOVA without replication analysis.

B2 B3 C1 C3

Treatment B1 Cc2 B1+C1 B2+C2
Curingtime ~ C°MTOl (1 95 0503) g’) 0% (B %) 0505) 1A% (3%
CS (MPa)
7days 20.5 31 38.5 21 316 375 33 26.3 35.7
28 curing days 27 33 38 37.5 31 33 27.5 35 38.3
Density (kg/m3)
7days 2312 2288 2288 2282 2352 2253 2285 2285 2270

28 curing days 2320 2278 2294 2309 2336 2296 2329 2296 2299

Tables (8 and 9) demonstrate the main part of the findings of the two-factor ANOVA
analysis. The rows relate to the determined factors, and the columns relate to the
substitution proportion.

Table 8. Output for two-factor ANOVA analysis for CS (MPa) at a significant level of 0.05.

Source SS df MS F p-magnitude
Rows 35.28 1 35.28 1.4796 0.2585
Columns 311.23 8 38.9037 1.6316 0.2521
Error 190.75 8 23.8437
Total 537.26 17 31.6035

Table 9. Output for two-factor ANOVA analysis for Density (kg/m3) at a significant level of
0.05

Source SS df MS F p-magnitude

Rows 1122.25 1 1122.25 4.3360 0.07582
Columns 6487 7 926.7142 3.5805 0.0571

Error 1811.75 7 258.8214

Total 9421 15 628.0666

df: the freedom degrees in the source; SS: the sum of squares because of the source;
MS: the sum of squares means because of source; F: the F-statistic; P: the P-magnitude.

As the focus was on the columns factor (substitution proportion) for both explored factors,
there was a slight variance between the substitution proportions for the CS (p-magnitude
= 0.2521). On the other hand, there was a significant variance between the substitution
proportions for the density (p-magnitude = 0.0571), which was inferred to agree with the
analysis of the previous findings [39,40].
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4., Conclusion

The mechanical features of cement mortar are affected by substituting nanoparticles of
(AL,03 and CaCO03) with cement. It has been detected from replacing nanoparticles of
(AL,05 and CaCO0;) in cement mortar that:

e The compressive strength was improved by (54 82)% and (15 and 22)% when
using nanoparticles of AL,0; by (1 and 3)% by cement weight at 7 and 28 curing
ages, respectively.

e Increasing the utilized ratio of AL,0; to 5wt% of cement led to a decreased
compressive strength improvement rate for the produced mortar at the advanced
ages from 61% to 2% only compared with the control sample without additives
material. The best compressive value was obtained when using 3wt% of AL,0;.

e The compressive strength was improved by (51, 88, 2)% and (22, 41and 39)%
when using nanoparticles of CaC05 by (1, 3, and 5)% by cement weight at 7 and 28
curing ages, respectively.

e Increasing the utilized ratio of CaCO; to 5wt% of cement decreased the
compressive strength of the produced mortar at the advanced ages. The best
compressive value was obtained when using 3wt% of AL,0;.

e  Substituting 1 percent and 3 percent of binary combination nanoparticles of (AL, 05
and CaC0;) to cement mortar increased the CS to (28 percent and 74 percent) MPa
at 7 curing days and (30 percent and 42 percent) MPa at 28 curing days,
respectively.

e The effects of replacing nanoparticles of (AL,05; and CaCO;) with (1, 3, 5 percent)
by cement’s weight on density and ultrasonic pulse velocity of cement mortar at 7
and 28 curing days were insignificant.
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