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MgO Al,O3 SiO, CaOo Phase
3.3 3.8 22.4 60.4 Amount
LOI SO; MnO K,0 Fe,03
0.5 4.1 0.3 0.6 4.6

Table 1. Composition of the cement used in this work (wt. %)
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cement cement cement
weightratio  weightratio  weight ratio code
0 0 0.38 C
0 0.05 0.38 GTO
0.5 0.05 0.38 GT0.5
1 0.05 0.38 GT1
15 0.05 0.38 GT15

VYY

Table 2. Various cement-based composite samples.
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Fig. 2. (a) Digital image of TiO,-GO suspension. (b) TEM
image of TiO,-GO nanocomposite.
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Fig. 1. TEM image of (a) TiO, naniparticles and (b) GO
nanosheets.
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Fig. 3. Compressive stress-strain curves of different samples at
28 days of hydration.
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Fig. 5. The porosity of the cement paste containing different
samples hydrated for 28 days.
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Fig. 4. Flexural strength of the cement paste containing
different amounts of TiO,-GO nanocomposite at different ages
of hydration.
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Abstract

Portland cement is a crucial mineral chemical that is globally produced in large quantities. It has been
reported that in 2011, approximately 3.6 billion tons of Portland cement were produced, and its demand
continues to grow. However, this industry's expansion has resulted in increased environmental risks.
Therefore, it is important to conduct research to enhance the sustainability of this product. The utilization
of nanomaterials in cement and concrete materials has received significant attention in recent years.
Employing nanotechnology to modify cement-based materials can significantly enhance the efficacy of
this inorganic binder. Primarily, nanoparticles possess the capability to fill the porosity within the cement
structure and exhibit pozzolanic properties that reinforce concrete. Additionally, the high specific surface
area of nanomaterials facilitates increased reactivity at the nanoscale, thereby enhancing cement
hydration and subsequently improving its mechanical properties. Despite cement and concrete being
known for their strength, they are also inherently brittle, which hinders their mechanical performance. In
recent years, various nanomaterials have been utilized to address this weakness due to their high specific
surface area and strengthening capability in different matrices, including cement. This study aims to
evaluate the impact of incorporating a binary nanocomposite of titanium dioxide nanoparticles and
graphene oxide to enhance the mechanical properties of the Portland cement. For hybridization,
electrostatic adsorption mechanism was used to connect TiO, nanoparticles on graphene sheets and
synthesize TiO,—~GO nanocomposite. In this work, TiO, powder was processed in nitric acid to
accumulate protons in the form of H* functional group on the surface of nanoparticles and make it
positively charged. On the other hand, chemically produced GO suspension has an intrinsic negative
charge due to the formation and presence of hydroxyl groups (OH") on its surface. Therefore, the
combination of these two charged substances with the opposite charge under several hours of stirring
causes them to be connected and attracted to each other through electrostatics. Cement paste with a
water-to-cement ratio of 0.38 was prepared and hydrated for different durations (7, 14, and 28 days).
Nanostructured reinforcement with a fixed concentration of 0.05 wt.% GO and varying concentrations of
0.5, 1, and 1.5 wt.% TiO, were added to the cement. The resulting cement paste samples were analyzed
for compressive strength, porosity, and microstructure. The study revealed that the sample containing 1
wt.% TiO,-0.05 wt.% GO exhibited the best mechanical behavior, with a 55% higher compressive
strength compared to the unreinforced cement sample. Furthermore, this sample had the lowest porosity.
Microstructural analyses indicated that the reinforced sample had a reduced porosity, improved hydration
acceleration, and enhanced overall integrity of the structure, leading to the significant improvements in
its mechanical properties.
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