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Abstract:This paper discusses an experimental investigation of the strength properties of concrete with
Titanium Dioxide (TiO2). TiOz consists of extremely fine particles that effectively occupy the voids present
between coarse and fine aggregates. This approach can reduce voids in concrete while simultaneously
increasing the compressive strength of the material. In this study, TiOz is utilized as a partial replacement
for cement, with varying percentages of 4%, 5%, and 6% by weight. The experiments were conducted by
casting the concrete of M45 grade. The selection of these percentages is based on our findings, which
indicate that 4%, 5%, and 6% TiO> content are optimal for achieving the desired compressive strength in
concrete. For the mix design of M45 concrete, established standards such as IS 10262:2009 and IS
456:2000 are employed. The experimental tests are conducted using a Universal Testing Machine (UTM) to
evaluate the performance of concrete containing TiO in comparison to conventional concrete. The findings
of this study emphasize the positive impact of TiO2 inclusion on the compressive strength of concrete,
indicating that it can be used as an additive in concrete mixtures.

1.INTRODUCTION

Concrete, a fundamental construction material, is composed of hard and chemically inert particulate
materials, including coarse aggregate, fine aggregate, cement, and water. Early civilizations like the
Egyptians developed substances that resemble modern concrete by utilizing binders such as lime and
gypsum. Concrete exhibits excellent compressive strength but is comparatively weaker in tensile strength.
The strength of concrete is crucial for its ability to bear loads effectively. Numerous research efforts have
been made to enhance concrete's strength (Fava et al. 2003Ma et al. 2015, Sorathiya et al. 2017 Khan, et al.
2018 Mansour, et al. 2021). The strength of concrete primarily depends on the composition and the quality
of its ingredients. Typically, admixtures are used to increase the strength of the concrete by reducing the
water content (Collepardi, 1998). During the concrete mixing process, a significant number of voids are
often present, and these voids can be effectively filled using nano-particles like Titanium Dioxide (TiO2,
Kushwaha et al., 2015). Titanium Dioxide (TiO2) fills voids inside the concrete while also increasing its
compressive strength. Several studies demonstrated the positive impact of incorporating TiO2 into concrete
mixtures alongside Ordinary Portland Cement (Praveenkumar et al. 2019). The incorporation of TiO2 has
been shown to elevate both the flexural and compressive strengths of the concrete. In particular, the use of
TiO2nano-particles in the concrete mixture results in a notable increase in compressive strength (Shekari et
al. 2011). As the proportion of TiO2nano-particles in the concrete mixture rises, a corresponding increase in
compressive strength is observed.

By incorporating TiO2nano-particles with an average particle size ranging from 20um to 25um into
concrete (Kushwaha et al. 2015), alongside the optimum amount of ground granulated blast furnace slag,
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the physical and mechanical properties of the concrete specimens were evaluated (Wang et al 2018). TiO2
nanoparticles were found to accelerate the development of Calcium-Silicate-Hydrate (C-S-H) gel when used
as a partial replacement for cement by weight (Al-Saffer et al. 2023). The increased crystalline
concentration during the early phases of hydration was attributable to this acceleration. As a result of the
rapid C-S-H gel formation, the compressive strength of the concrete increased significantly (Khoshakhlagh
etal. 2012).

1.1 Titanium Dioxide

Rutile, Anatase, and Brookite are the three major phases of titanium dioxide. Rutile is the most stable form
of titanium dioxide among these. While stable at normal temperatures, anatase and brookite progressively
change into rutile when exposed to high temperatures.(Sivaramalingam et al. 2021).In this study anatase
based on TiO, was used.Titanium dioxide can be employed in a variety of industries, including a wide range
of coloring applications. Concrete containing titanium dioxide has demonstrated self-cleaning properties
(Osburn, 2008). This is owing to the presence of hydroxyl radicals and reactive oxygen species, which can
not only oxidize contaminants but also compounds that could possibly dirty the surface. For example,
organic substances and different sealants.Rhodamine B, a dye recognized for its great colorimetric value, is
an example of a particularly persistent pollutant that titanium dioxide can effectively treat.

Many notable constructions, notably Rome's Dives in Misericordia Church, have been built with
similar materials. Colorimetric measurements of these buildings were taken over the course of more than
two years. The findings imply that photocatalytic cement has a self-cleaning effect, which allows the
cement's color to be preserved. Furthermore, photocatalytic surfaces are very hydrophilic, with water
contact angles approaching zero. This feature causes water to completely soak the concrete, making it easier
to clear debris or chemicals that cannot be destroyed by photocatalysis.

1.2. Objective of the study

The current study aims to evaluate the properties of the concrete experimentally by partially replacing 4%,
5%, and 6% of the cement by weight with titanium dioxide. Retendering with the following test results:
compressive strength of cubes on 7, 14, days, and 28 days by the addition of the above.

1.3. Applications of the project

Titanium dioxide is a highly valued substance with numerous applications in the structural and
environmental elements of building and civil engineering. Among its many applications, two standouts are
roofing tiles and structural concrete, both of which play critical roles in the building industry. This study is
focuses on the usage of structural concrete. It aims to fill knowledge gaps and provide significant insights
that can improve the use of structural concrete in buildings.

2.Methodology

This study primarily involved the casting of concrete cubes with an M45 grade using a Titanium Dioxide
concrete mixture with varying Titanium Dioxide content ranging from 4% to 6%. The compressive strength
of these cubes was then assessed at different curing periods, specifically at 3, 7, and 28 days, and compared
to that of normal M45 concrete. Compressive and Tensile strength tests are also conducted.

2.1. Materials used

For our experiments, we utilized Ordinary Portland Cement with a grade designation of 53. We employed
well-graded, angular-shaped coarse aggregate with a particle size of 20mm and fine aggregate with a
particle size of 4.75mm. As for the fine aggregate, we used river sand. Both the coarse and fine aggregates
were supplied locally.

2.2.Titanium dioxide

The incorporation of TiO2 nano particles led to a noticeable increase in compressive strength after a curing
period of 28 days. However, it's important to note that this improvement in compressive strength was
supplemented by an enhancement in the permeability of the concrete. Furthermore, when the proportion of
TiO2 nano particles in the concrete mixture grew, so did the compressive strength.
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Properties of Titanium Dioxide

Chemical formula
Molar mass
Appearance

Odor

Density

Specific gravity
Melting point
Magnetic susceptibility
Refractive index

3.Mix Design

3.1.ParametersforMix DesignM45
Grade designation= M45
Type of cement= OPC53Grade

Fine aggregate= Zonell

Specific gravity of titaniumdioxide
Minimum cement (as percontract)
Maximum water/cement ratio
Degree of quality control

3.2.WaterCementRatio:

The W/CratiomentionedinTable50fIS456is 0.45W/Cproposedis0.42.

figure 1.titaniumdioxide (tio,)

:Ti02
=79.866g/mol
=white solid
=odorless
=4.23g/cm?®

=3.78

=1.843°C
=5.9x107% cm*/mol
=2.488(Anatase)

=2.583(Brooktile)
=2.609 (Rutile)

=3.78
=320kg/m?®
=0.42
=Good

We should adopt The W/Cratioas0.42.

Cement

Fine aggregate
Coarse aggregate
Water

Titanium dioxide

4.Preparation of Specimen

=483Kg/m3
=719Kg/m?
=1104Kg/m3
=203Kg/m?
=1.27Kg/m?®

The cube casting mold is 15x15x15cm in size, and the cylinder mold is 152x305mm in size,
according to IS: 10086-1982. When constructing the mold for use, the joints between the mold pieces
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must be thinly coated with oil, and a similar coating of oil must be put between the contact surfaces of the
mold's bottom and the base plate to guarantee that no water escapes during filling. To avoid concrete
adhesion, the inside surfaces of the assembled mold should be thinly coated with oil. There are four cubes
and four cylinders cast.

The concrete casting process should be done at room temperature, such as 27°C.The cement and
titanium dioxide were thoroughly mixed by hand before being combined with fine and coarse aggregate.
Following the mixing process, the desired water content is added to the mixture. The concrete mix should
then be poured into the mold in three levels with a total of 25 tamping. After 24 hours, the mold should be
removed and the curing process should begin for 7 days, 14 days, and 28 days. The cubes and cylinders
are removed after 7 days, 14 days, and 28 days for strength testing.

figure 4.cube molding

5. Test Result for Hardened Concrete

The results obtained from the compressive strength test and split tensile strength of conventional concrete
and titanium dioxide concrete is presented in this section.
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5.1.Compressive Strength Test

table5.1.1.conventional concrete

Days Compressive strength in
N/mm?
7 20
14 34
28 43

table5.1.2.titanium dioxide concrete
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5.2.5plit Tensile Strength

figure 5.1.3.compressive strength testing of concrete
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figure 5.1.2linechartfortitaniumdioxide

table5.2.1 conventional concrete

Days Compressive strength (N/mm?)
7 2.78
14 3.25
28 3.92

table5.2.2 titanium dioxide concrete

TitaniumDioxide

Average split Tensile strength

(Ti02)%
7days l4days 28days
3 3.5 4.1
3.6 4.2 491
3.85 4.8 5.9
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figure 5.2.2linechart for titanium dioxide
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figure 5.1.1 tensile strength testing of concrete

The tables and bar charts above shows the titanium dioxide mix concrete is more strengther than
conventional concrete.

6. Conclusions

Based on this experimental investigation, it is found that titaniumdioxide can be used as an additive to
cement. Moreover, after 28 days of curing, the concrete with 4% titanium dioxide achieves its maximum
compressive strength when compared to normal concrete. Furthermore, the maximum split tensile strength
is recorded in concrete containing 4% titanium dioxide. In the context of high-strength concrete usage, a
high-rise structure is typically considered to be around 30 stories tall. This allows for the potential reduction
of column and beam dimensions due to the enhanced strength properties of the concrete. Furthermore, there
is an economic benefit associated with the use of high-strength concrete. This benefit is derived from the
increase in the amount of rentable floor space, particularly on the lower floors, as the space occupied by
columns decreases.
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