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Investigation of the mechanical strength of cement mortars containing novel
synthesised chitosan/hydromagnesite stromatolite nano-composite

This study introduces the use of a novel synthesised chitosan/hydromagnesite
stromatolite (CHT/HS) nano-composite in cement mortars and investigates its effects
on the mechanical properties. The proposed bio-based nano-composite was synthesised
by a green sonication method using HS originating from Salda Lake (Burdur, Turkey).
The chemical and morphological properties of HS and CHT/HS nano-composites were
determined. Specimens including HS in ratios of 5 and 10 % and CHT/HS nanostructures
with 0.1, 0.5, 1 and 2 % were tested for flexural and compressive strengths for 7 and
28 days. The novel synthesised CHT/HS nano-composite showed a clear enhancement
in mechanical strength. These findings suggest directions for future work on different
nano-filler applications.
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Prethodno priopcenje
Selcan Karakus, Ayse Elif Ozsoy Ozbay, Ahmet Onur Pehlivan, Ahmet Utku Yazgan,
Isil Sanri Karapinar, Nevin Tasaltin, Ayben Kilislioglu

Ispitivanje mehanicke cvrstoce cementnih mortova koji sadrze novi sintetizirani
nanokompozit kitozan/hidromagnezit stromatolit

Ovaj rad predstavlja upotrebu novog sintetiziranog nanokompozita kitozan/hidromagnezit
stromatolit (CHT/HS) u cementnim mortovima i istrazuje njegove ucinke na mehanicka
svojstva. Predlozeni bioloski nanokompozit sintetiziran je metodom ,zelene"” sonikacije
primjenjujuci hidromagnezit stromatolit (HS) iz jezera Salda (Burdur, Turska). Odredena
su kemijska i morfoloska svojstva nanokompozita HS i CHT/HS. Uzorci koji sadrze HS u
omjerima od 5 10 % i nanostrukture CHT/HS s 0,1, 0,5, 1i 2 % ispitani su na savojnu i
tlacnu cvrstocu nakon 7 i 28 dana. Novi sintetizirani nanokompozit CHT/HS pokazao je
jasno povecanje mehanicke cvrstoce. Navedeni rezultati predlazu smjernice za buduci
rad na razlicitim primjenama nanopunila.

Kljuéne rijeci:

hidromagnezit stromatolit, cement, nanokompoziti, mehanicka svojstva, mikrostruktura
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1. Introduction

Recentdevelopmentsinthefabrication of greennano-fillershave
led to the use of nano-materials for cementitious composites in
multi-disciplinary nano-technological applications. The addition
of different proprortions of green nano-fillers to cement-
based composites plays an important role in improving their
mechanical, physical, and chemical properties. These have
attracted considerable interest owing to their advantageous
properties and potential eco-friendly production.

Studies have reported the high resistance and durability to
chemical and physical effects and the self-healing capacity of
cement using alternative green nano-materials in cementitious
composites [1-3]. However, some studies have investigated
whether small sizes and pores negatively affected composites
because of the increased water demand in fresh concrete [4-7].
Among green materials, natural zeolite is widely used as a partial
substitute for cementitious composites. The enhancement of the
mechanical properties and durability of cementitious composites
by substitution with zeolite has been investigated. However, the
findings of earlier studies are contradictory on the effect of zeolites
on cementitious composites. With the incorporation of zeolites,
some studies have reported improved tensile and compressive
strength of composites, whereas others have reported reduced
strength. These differences in results are attributed to the particle
size, purity, and dosage of natural zeolite used in the experiments
[8-10]. The decrease in strength with the use of zeolite is
observed especially beyond 10 % dosage of cement substitution
because of the dilution effect on the cement [11-13]. Bentonite
is another green filler used in cementitious composites. In one
study, bentonite containing montmorillonite as the major active
component was reported to increase the unconfined compressive
strength of highly organic soils because of its filler effect in the
case of 10 % partial replacement by cement [14]. Another study
used sodium bentonite blended with metakaolin to investigate
the combined effects on cement paste [5]. This combination has
been reported to promote the hydration and reactivity of cement,
leading to strength improvement through a better dissolution of
metakaolin owing to the presence of bentonite. In a recent study,
geopolymeric cement was produced using natural kaolin [15].
The study also highlighted the environmental impact of using
noncalcined kaolin in the production of geopolymers and the
importance of using green cement. In addition, cement pastes
and mortars containing high-calcium sepiolite were tested, and
the influence of substitution at varying dosages was discussed
in terms of mechanical strength and rheological behaviour [16]. It
was deduced that the workability of fresh specimens containing
high-calcium sepiolite must be improved. The mechanical
strength was also found to highest with the incorporation of
7.5 % additive. However, the drying shrinkage of the hardened
specimens had to be reduced before the application of the high-
calcium sepiolite in structural concrete.

In recent years, with the emergence of nano-technology, there
has been a growing interest in the potential use of nano-fillersin

the concrete industry owing to their distinct features that offer
considerable improvements in the mechanical performance
and durability of concrete. Therefore, nano-fillers with different
chemical composition and morphology, and their effects on
cementitious composites, have been the focus of researchers.
Among these studies, the most promising results have been
achieved in the incorporation of halloysite nano-tubes [17,
18], nano-metakaolin [19, 20], and nano-montmorillonite into
cementitious materials [21]. A study showed that the inclusion
of 0.6 % nano-montmorillonite resulted in a 13.24 % increase in
compressive strength and a 49.95 % reduction in permeability
of cement paste [21]. In another study, the addition of halloysite
nano-clay in cement paste at a ratio of 3 % was reported to
enhance the compressive strength by 24 %, with a denser
microstructure [22]. This improvement was attributed to
additional C-S-H formation due to the large amount of silicon
dioxide on the surface of the halloysite nano-tubular structure.
The results of a recent study by Morsy et al. [23] showed that
with an 8 % nano-metakaolin substitution by cement, the
compressive and tensile strengths of cement mortars improved
by 7 % and 49 %, respectively. Nano-zeolites are another type of
nano-filler used in cementitious composites.

Previous studies have focused on the use of natural materials
in construction applications. However, some have explored the
potential of nano-fillers in cementitious composites. Therefore,
low-cost, environment-friendly, and non-toxic hydromagnesite
stromatolite (HS) was preferred and a novel biomineral
nano-additive was synthesised to improve the mechanical
performance of cement composites.

The structure of the HS originating from Salda Lake (Burdur,
Turkey) has similar chemical properties to those from the surface
of Mars [24]. HS is a low-temperature hydrothermal fossil
mineral in a highly alkaline (pH > 9) medium under atmospheric
conditions and has a high Mg/Ca ratio [25]. However, there
has been little discussion in the literature on the use of
hydromagnesite in cementitious composites. In some studies,
the use of hydromagnesite in a blended form with reactive
MgO was investigated through various physical and chemical
analyses in search of a potential magnesium (Mg)-based binder
for the construction industry [26, 271, In MgO-hydromagnesite
blends, the presence of hydromagnesite improved the hydration
of reactive MgO for replacement levels of 10-30 % with MgO in
the paste, leading to remarkable improvements in compressive
strength [26]. The proposed binder was recommended as
a sustainable alternative for construction applications with
further investigations of its hydration mechanisms.

Within the scope of this study, a novel chitosan/HS (CHT/HS)
nano-composite was prepared using a green sonochemical
method, and its mechanical and interfacial tension characteristics
were investigated. The effects of the mass fraction of HS and
cetyltrimethylammonium bromide (CTAB), temperature (20-50 °C)
and concentration (0—0.05 ppm) on the surface properties of CHT/
HS nano-composites were examined through various techniques.
The scanning electron microscopy (SEM); Brunauer, Emmett,
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and Teller (BET) analysis; X-ray fluorescence spectrometry (XRF),
transmission electron microscopy (TEM), dynamic light scattering
(DLS), and Fourier-transform infrared (FTIR) spectroscopy were
used to elucidate the chemical and morphological properties of the
HS and CHT/HS nano-composites.

In this study, to investigate the effects of originally introduced
bio-based CHT/HS nano-composites on the mechanical
properties of cement mortars, mixtures were prepared with (i)
partial replacement of HS particles by 5 % and 10 % of cement and
(ii) CHT/HS nano-additive inclusions with varying percentages of
0.1, 0.5, 1, and 2 %. The results show that improvements in the
microstructure and mechanical performance of cementitious
composites appear to support the introduction of this novel
synthesised nano-additive as a potential sustainable material
for construction applications.

2. Materials and methods
2.1. Materials

Ordinary Portland cement (PC 42.5 R) supplied by the Akcansa
cement factory was used as the binder for the preparation
of mortar samples. River sand (0—5 mm) was used as the fine
aggregate. Chitosan (low molecular weight, 50,000—190,000 Da)
was purchased from Sigma-Aldrich Company (Germany). Acetic
acid (glacial, 100 %) was purchased from Merck Company. HS was
collected from Salda Lake and washed several times with distilled
water. The solution was filtered, dried at 25 °C, and passed
through a 200 mesh sieve. The BET and XRF results of HS powder
are listed in Table 1. The specific surface area and pore volume of
HS were 20.12 m?/g and 0.02 cm?3/g, respectively.

Table 1. Chemical composition, specific surface area, and pore volume of HS

Element [%]
MgO 54.65
Sio, 20.34
Ca0 9.45
ALO, 5.62
FeO 4.48
Fe,0, 2.59
Tio, 0.06
Na,0 2.45
MnO 0.02
MnO, 0.05
K,0 0.19
Cr,0, 0.10

Specific surface area 20.12 m?%/g
Pore volume 0.02 cm?/g

2.2, Preparation of CHT/HS nano-composites

For cement mortars, including powder forms as the partial
substitute material, the HS originating from Salda Lake was
dried and ground to obtain particle sizes less than 1 mm.
CHT/HS nano-composites were synthesised using the green
sonication method. A solution of chitosan (0.5 g/1000 ml) in
%2 (v/v) glacial acetic acid was dissolved at 25 °C. CTAB (0.5 g)
and HS (0.05 g) were added to the aqueous solution, which was
then homogenised for 15 min using a sonicator (35 kHz, 320
W). Then, the prepared CHT/HS nano-composites were stored
at 25 °C until further use. All chemicals and reagents were
analytical grade and used without further purification.

2.3. Characterisation techniques

The specific surface area and pore volume of samples were
determined using the BET method using a Micromeritics ASAP
2020 (Norcross, GA, USA). An XRF spectrometer (PANalytical)
was used at 40 kV and 15 A, An SEM (JEOL 63335F) was used
(TedPella, double-coated, 8 mmW x 20 mL) with a 6-10 mm
working distance, 0-130 Pa pressure, and voltage of 7-10
kV under a low vacuum medium. A TEM (Hitachi HighTech
HT7700) was used to visualise the synthesised CHT/HS nano-
composites in a high vacuum mode at 100 kV. The solution of
CHT/HS nano-composites (20 pL) was dropped on a copper
TEM grid and dried in a vacuum chamber for 3 hat 25 °C. An FTIR
spectrometer (Perkin EImer) was used to perform morphological
characterisations of the HS and CHT/HS nano-composites
(KBr powder) in the 4000-400 cm~" frequency range, with a
resolution of 4 cm~" and eight scans. DLS (NanoPlus 3 HD zeta/
nano-particle analyser) was used to analyse the particle size
distribution. The drop apparatus (Fars EOR Technol., CA-ES10)
was used to measure the surface tension (ST) of the liquid-liquid
system under different experimental conditions, such as the
mass fraction of HS (2 %, 4 %, 6 %, and 8 %), mass fraction of CTAB
(1%, 2 %, and 5 %), temperature (20-50 °C), and concentration
(0-0.05 ppm). An FEI-Philips XL30 environmental scanning
electron microscope equipped with an EDAX unit was used to
characterise the surface morphology of the mortar specimens
with secondary electron imaging at an accelerating voltage of
15 kV.

2.4. Mortar specimen preparation

All mortar mixtures were prepared with a cement: sand: water
ratio of 2:2:1, considering the adequate workability of the
cement paste. The specimens were cast into steel moulds
with dimensions of 40 x 40 x 160 mm, with the designated
mix proportions listed in Table 2. Cement mortars containing
CH/HS nano-composite (configured as n-CH/HS1, n-CH/
HS5, n-CH/HS10, and n-CH/HS20) were batched through the
incorporation of the proposed nano-additive by 0.1, 0.5, 1, and
2 wt. % of cement in the mixture. Cement mixtures were also
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Table 2. Mix proportions of mortar mixtures

Mixture Additive [%] Additive [g] Cement [g] Sand [g] Water [g] Superplasticiser [g]
Control 0 0 1000 1000 500 0
HS5 5 50 950 1000 500 5
HS10 10 100 900 1000 500 5
n-CHT/HS1 0.1 1 1000 1000 499 0
n-CHT/HS5 0.5 5 1000 1000 495 0
n-CHT/HS10 1 10 1000 1000 490 0
n-CHT/HS20 2 20 1000 1000 480 0

prepared with partial replacement of HS particles with 5 % and
10 % of cement, denoted as HS5 and HS10, respectively. In
the preliminary stage of this study, HS5 and HS10 specimens
without superplasticiser addition were found to have very low
workability, resulting in compaction problems when casting
into moulds. Therefore, a superplasticiser was used the HS5
and HS10 specimens to level the flowability values of these
mixtures to the control mixture.

Cement mixtures were prepared using a Hobart mixer. For the
cement composites containing HS particles, cement, sand, and
HS were dry mixed for 1 min, followed by the addition of water
and mixing for 2 min. For specimens with nano-composites, a
nano-additive in liquid form was added to the mixing water to
obtain a uniform distribution before mixing with dry ingredients.
All specimens were demolded after 24 h and cured in water
tanks at a temperature of 20 °C.

2.5. Flowability of mortar specimens

The flowability of mortar mixtures was tested in compliance
with ASTM C1437-15 [28]. A flow mould (50 mm height) was
filled with the mixture in two layers on a jumping table, with
each layer tamped 20 times. The mould was then lifted and 25
strokes were applied to the mixture for 15 s using the flow table.
The average diameter of the spread fresh mixture measured
along two perpendicular directions was obtained to evaluate
the flow of mortar mixtures.

2.6. Mechanical tests

Mechanical tests were performed on prismatic specimens with
dimensions of 40 x 40 x 160 mm as specified in TS EN 196-
1 [29] to evaluate the 7- and 28-day flexural and compressive
strengths of mortar mixtures. For each sample configuration, six
specimens were tested using a three-point loading procedure
with an MTS closed-loop servo-hydraulic test system.
Displacement-controlled flexural loading was applied to the
specimens at a rate of 0.5 mm/min. Vertical displacement data
were obtained to moderate the loading rate in a closed-loop
system using a linear variable differential transformer placed
under the midspan of prismatic specimens. The variations in
strain mechanisms due to the inclusion of additives in mortar

mixtures were monitored using a displacement-controlled
loading ramp during the testing procedure. From the three-point
loading test results, the flexural stress values were obtained by
the following equation:

3PL
o=
2bd?

(1)

where o istheflexural stress, Pis the maximum flexural load; and
d, b, and L are the height, width, and span length of the prismatic
specimen, respectively. Half prisms of cracked specimens after
flexural testing were utilised for the compression test, which
was performed according to TS EN 196-1[29]. Force-controlled
compressive loading was applied at a speed of 0.6 MPa/s, while
the testing data were recorded at 10 Hz with a data acquisition
system.

3. Results and discussion

3.1. Characterisation of HS and CHT/HS nano-
composites

In this study, HS originating from Salda Lake were used for
the first time as a biomineral additive in cement composites.
There have been several studies on the enhanced mechanical
properties of cement composites and the improvement of the
interfaces of the cement structure; however, few studies have
been reported on the mechanical properties of biomineral-
based cement composites [30-32].

According to the literature, the homogeneous distribution of
composites significantly affected their mechanical properties.
Therefore, to examine the distribution of HS and CHT/HS nano-
composites, morphological analyses were conducted using
SEM, TEM, and DLS, as shown in Figures 1 and 2. The SEM
micrograph images confirmed that the surface morphology of
HS was anirregular and heterogeneous structure (Figure 1). The
SEM results showed that the morphology of nano-particles was
anano-sized spherical structure in the range of 330-375nm. In
our previous study [33], the surface area of HS was found to be
20.12 m?/g. The BET results showed that the surface area of the
CHT/HS nano-composite was 109.20 m?/g. When the results
were compared with the surface area of pure HS, it was found
that the CHT/HS nano-composite had large surface areas.
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Figure 1. SEM micrographs of: a) HS with x5.000 magnification; b) CHT/HS nano-composite

with x20.000 maghnification
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2875 cm (NH stretching), 1480 cm™" (CH,
bending), 1599 cm~" (amide 1), and 1022
cm-" (skeletal vibration of C-O stretching).
Comparison of FTIR results of HS and CHT/
HS nano-composites showed a slight
decrease in the intensity of absorption
bands owing to the possible interaction
of functional groups on the surface of the
nano-structure [35]. Differences in the
characteristic spectral bands occurred
when HS and CHT were mixed owing to
electrochemical interactions. Owing to
the FTIR results, compared with the HS, a
considerable shift in the position of bands
toward the lower wavenumber region is
visible in the FTIR spectra of CHT/HS nano-
composites (3523 cm™ to 3240 cm™,
1000 cm™ to 1018 cm™). In addition,
it was observed that the characteristic
band between 3500 cm™ and 3000
cm™, corresponding to the OH stretching
vibration, increased in comparison with
pure HS due to a new interaction by the

o]

Figure 2. a) TEM micrograph; b) DLS curve of CHT/HS nano-composite

The TEM technique was used to characterise the surface of the
synthesised CHT/HS nano-composites, as shown in Figure 2.
According to the TEM results, the CHT/HS nano-composites
had a spherical shape with sizes ranging from 200 to 400
nm (Figure 2.a). In addition, the nano-composites were well-
separated in the structure. A polymeric shell was observed in
the TEM images. The size of the CHT/HS nano-composite was
determined using the DLS technique, as shown in Figure 2.b. The
hydrodynamic diameter and polydispersity index values of CHT/
HS nano-composites were measured as 360.25 + 5.70 nm and
0.175, respectively. These results confirmed that aggregation
did not occur in the medium for the CHT/HS nano-composite.
The morphological results were compatible with the obtained
SEM and DLS results. It was concluded that the polymer matrix
acted as a stabilising and capping agent [34] for the fabrication of
green CHT/HS nano-composites. To the best of our knowledge,
this is the first study on the green fabrication of synthesised
HS-based nano-composites for cement applications.

The FTIR technique was used to investigate functional groups of
structure in the region between 4000 and 400 cm~' for HS and
CHT/HS nano-composites. The results of the FTIR analysis of the
HS and CHT/HS nano-composites are shown in Figure 3. According
to these results, absorption bands of HS were observed at 1480
cm™" (CH, bending), 1420 cm" (C-H asymmetric bending vibration),
1000 cm™" (Si-0-Si stretching vibration), and 885 cm™" (Si-0-Si
stretching vibration) [33]. Absorption bands of CHT/HS nano-
composites were observed at 3240 cm~ (-NH,and O—H vibrations),

0 100 200 300 400 500 600 700 800 900 1000
Hydrodinamic diameter [nm]

hydrogen bond [36, 37] formed between
the HS and CHT matrix owing to the
physical and chemical changes in the
nano-structure.
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Figure 3. FTIR analysis of HS and CHT/HS nano-composites

3.2. Surface tension measurement of CHT/HS nano-
composites

Thereare few studies onthe ST of nano-systemsinthe literature.
The main focus of this study was on the effect of the ST of CHT/
HS nano-composites/water on the mass fraction (%) of HS,
mass fraction (%) of CTAB, and temperature of the nano-system.
The effect of the mass fraction (%) of HS on the ST is shown in
Figure 4. The ST of nano-structure/water from 40.35 mN/m

GRADEVINAR 77 (2025) 5, 449-458
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to 14.55 mN/m by changing nano-composite concentrations
from O to 0.05 ppm (pressure: 1 atm, temperature: 25 °C) was
measured. The experimental results showed that the ST of the
nano-structure/water increased with the increase in the CHT/
HS nano-composite concentration [38].

100
80 + s —8—8% 8% 8 & 82
E
~
: :
8 Y
5 ; 1 b g
@ 40 1
g P 1oe i
3
0 ® %2 wt HS § i % § i
; ;
8wt He L
| water
0 - : . . .
0,06 005 0,04 0,03 0,02 0,01 0,00

Concentration [ppm]

Figure 4. The effect of the mass fraction (%) of HS in CHT/HS nano-
composites on the surface tension of the nano-composite/
water system

The effect of temperature (20 to 50 °C) on the ST of CHT/HS (%8)
nano-composites/water system is shown in Figure 5. According
to the experimental data, when the temperature was increased,
the ST decreased as the attraction forces between particles
decreased [38].

50

o
o

5 by

:
t 3

15 20 25 30 35 40 45 50 55

Surface tension [mN/m)]

Temperature [°C]

Figure 5. The effect of the temperature (20-50 °C) on the surface
tension of CHT/HS (%8) nano-composites/water system

Table 3. Flowability and unit weight results of the specimens

The interfacial tension decreased when HS was added to the
aqueous solution (Figure 6). Therefore, it was assumed that the
addition of the CTAB (5 %) improved the stability of the nano-
system and affected the surface properties of the CHT/HS
nano-composite. It was hypothesised that weak interactions
with liquid molecules occurred because of the low solubility of
HS.

60
® %1 wt CTAB
50 v %2 wt CTAB
h m %5 wt CTAB

40

o

3041

SRR

10 1

Surface tension [mN/m]

0 T T T T T
0,06 0,05 0,04 0,03 0,02 0,01 0,00

Concentration [ppm]

Figure 6. The effect of the mass fraction (%) of CTAB on the surface
tension of the nano-composite/water system

3.3. Flowability of mortar mixtures

The flowability of mortar mixtures was measured, and the
results are presented in terms of the ratio of the mortar spread
diameter to the mould base diameter in percentages in Figure 7.

140
— —& — n-CHT/HS1
— < —HS
= 135
g
2 13 PN ——
o« »
\ -
\/
130 T T T T T T T
0 02 05 1 2 5 10

Additive amount [%]

Figure 7. Flowability results

Mixture Additive [%] Fresh density [kg/m?] Bulk air-dry density [kg/m?] Flowability [%]
Control 0 2233 2158 133
HS5 5 2182 2085 134
HS10 10 2115 2011 134
n-CHT/HS1 0.1 2227 2150 132
n-CHT/HS5 0.5 2284 2211 133
n-CHT/HS10 1 2311 2240 134
n-CHT/HS20 2 2310 2234 134
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With the superplasticiser effect, the flowability of the HS-
containing mortars reached the flowability level of the control
specimen as presented in Table 3. On the other hand, for the
nano-mixtures, although there has not been much difference
in flowability results, considering that no superplasticiser
was used, a small increase in flowability was observed with
increasing nano-particle dosages. In fact, in previous studies
showed that owing to the high surface area of nano-fillers
and high water absorption, the decrease in the flowability
of mortars, including nano-particles, was predicted [22, 39].
Therefore, the slight increase in the flowability of the n-CHT/
HS mixtures might be attributed to the effect of the bio-based
polymer used in this study.

3.4, Testing of mechanical strength

For all batches of mortar mixtures, the inclusion of the CH/HS
nano-mixture had a significant effect on strength development,
while the results from both compressive and flexural testing
tended to decrease with the increase in additive content for
specimens prepared with HS in powder form. This may be
related to the particle size and low reactivity of HS particles used
in their natural form without the application of any additional
process. Thus, this low reactive HS has not been involved
much in hydration reactions and may have only acted as a
microfiller material, eventually creating a lighter and relatively
good matrix structure. On the other hand, the reactivity of such
materials was enhanced by increasing the specific surface area
and decreasing the mean grain size. In this study, nano-sized
particles were synthesised by incorporating HS particles, thus
increasing the overall reactivity of these Mg-based products. To
overcome the agglomeration effect reported in the literature,
these nano-particles were utilised with a polymer matrix. The
agglomeration problem was addressed in both the flowability
and mechanical tests. Moreover, the nano-structured forms of
HS with CHT exhibited adequate performance, modifying the
mechanical performance of the cementitious composites.

The compressive and flexural strength test results for the 7-
and 28-day specimens are shown in Figs. 8 and 9, respectively.
Considering the overall mechanical strength results, the
addition of nano-mixtures below 1 % was ineffective in
inducing alterations in both flexural and compressive strengths.
Regarding the 7- and 28-day results of the HS specimens, the
compressive and flexural strengths were found to be lower than
those of the control specimens, indicating that the incorporation
of HS in powder form did not lead to improvements in the
mechanical performance of cement composites. Based on the
28-day results, for the mixtures containing n-CH/HS, the highest
compressive strength was achieved for a 2 % dosage, witha 7.5
% increase compared with the control specimen. However, the
optimum dosage for the flexural strength was found to be 1
%, with a 4 % increase for mortars containing n-CHT/HS. This
limited increase in flexural strength with respect to compressive
strength may be due to the limited formation of nucleation
sites in the interfacial transition zones, which are known to

significantly affect the flexural performance. However, rather
than nucleation sites in the interfacial transition zone, the
filler effect of the nano-particles most likely contributed to the
relatively higher increase in the compressive strength [40, 41].
When 7-day compressive strength results were investigated,
it is seen that for specimens with n-CHT/HS, higher additive
percentages (1 % and 2 %) affected the strength adversely,
contrary to the 28-day results. This finding may be explained by
the latter hydration reaction due to the inclusion of the additive.
Similar findings were observed in the flexural strength results.
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Figure 8. 7- and 28-day compressive strength results
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Figure 9. 7- and 28-day flexural strength results
3.5. Microstructural investigation

Microstructural investigations were conducted on fragmented
pieces from specimens after 7 and 28 days of curing. An SEM
image of the specimens incorporating HS10 in powder form is
shown in Figure 10. Microscopic investigations showed that the
powder HS specimens were well-dispersed in the cementitious
mortar, creating a considerably good and homogenous internal
structure which might be linked to adequate results despite
mortar formation with a lower weight. This homogenous
structure canbe explained by the effective integration of particles
with Mg content into the cement hydration mechanism, which
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may also be inferred from the low deviations of the mechanical
test results.

%ﬁl\Magn Det WO ———{ 2um

Figure 10. SEM micrograph of specimens incorporating HS10 in
powder form: multi-layered Ca(OH), formations

Specimens with n-CHT/HS additives were found to have
better mechanical results. Microstructural imaging confirmed
these findings, with a better internal structure configuration
increasing with the amount of nano-additive.

In Figure 11, n-CHT/HS20 specimens with 2 % nano-additive
inclusion were visualised with a different C-S-H formation,
with a considerable amount of Mg content approved by the
comparison electron diffraction spectroscopy (EDS) analyses
presented in Figs. 12 and 13 for the control and n-CHT/HS20
specimens, respectively. Comparing the EDS results, the Mg
K peak was clearly observed for the n-CHT/HS20 specimen,
whereas such a finding was not observed for the control
specimen. The nano-scale configuration of hydromagnesite
particles may have participated as enhanced nucleation sites
[42], and with the high reactivity supplied by the high specific
surface area and good dispersion of the synthesised polymer
matrix, may have induced a pozzolanic reaction to create denser
hydration products incorporating Mg and some MgQOH, (brucite)
[43]. In the presence of Mg, the formation of larger nuclei and
higher lateral growth was also detected in another study [44].

AccV. SpotMagn Det WD f—=——=1{ 2;m
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Figure 11. C-S-H formations with Mg content for n-CHT/HS20 specimens at (a) 10000x and (b)

20000x magnifications
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Figure 12. EDS analysis of control specimen
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Figure 13. EDS analysis of n-CHT/HS20 specimen

4, Conclusion

Anovel CHT/HS nano-composite was prepared and incorporated
into cement mortars to examine the effects of the nano-
structure on mechanical properties. CHT/HS nano-composites
were synthesised from CHT and HS using a green sonochemical
technique. CHT/HS nano-composites
were characterised using SEM, TEM, DLS,
XRF, BET, and FTIR to determine their
chemical and morphological properties.
STs of CHT/HS nano-composites were
experimentally determined as a function
of the mass fraction (%) of HS, mass
fraction (%) of CTAB, and temperature.
The experimental results showed that
the ST of CHT/HS nano-composites/
water changed with the mass fraction
(%) of HS, mass fraction (%) of CTAB,
and temperature of the nano-system.
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Under the determined optimum conditions, the average particle
size for the CHT/HS nano-composite was ~350 nm, with a
homogeneous particle distribution and surface area of 109.201
m?/g.

With regard to the effects of the novel nano-structure on
mechanical behaviour, cement mortar specimens containing HS
inratios of 5and 10 %, and CHT/HS nano-structures with varying
contents of 0.1, 0.5, 1, and 2 %, were tested for flexural and
compressive strengths for 7 and 28 days. The results show that
the use of HS in powder form did not have a clear contribution to
the strength except for the advantage of producing lightweight
specimens. A distinct observation that emerged from the data
comparison was the strength improvement of the specimens
including n-CHT/HS additives. The results revealed that the
optimum usage of n-CHT/HS for the highest compressive
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