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ABSTRACT
Concrete is one of the key component in the construction field. The importance of concrete is because of its 

strength and long lasting properties. The incorporation of nano materials in concrete helps to improve the characteris-
tics of conventional concrete. Titanium dioxide (TiO2) is one such nanomaterial that helps to increase the performance 
of concrete by enhancing self-cleaning, anti-microbial and anti-bacterial activities. This paper briefly explains about 
the reaction of titanium dioxide nano particle N-TiO2 on cement materials which in turn changes the mechanical and 
physical properties of concrete against chemical, climatic changes and abrasion. The review presented here includes 
the features of titanium dioxide nano particles basically, its dosage in concrete, its impact on concrete on both fresh and 
hardened properties, photo catalytic effect and anti-microbial. This review explores the photo catalytic degradation of 
concrete enhanced with N-TiO2, which presents a promising method for improving the durability and sustainability of 
concrete structures. The addition of N-TiO2, recognized for its photo catalytic properties when exposed to UV light, has 
demonstrated potential in tackling various environmental and structural challenges associated with concrete. The paper 
provides a detailed analysis of the mechanisms involved in the photo catalytic process, the way N-TiO2 particles aid in 
breaking down pollutants (including organic compounds, NOx, and CO₂), and its contributions to self-cleaning, antimi-
crobial functions, and the degradation of harmful pollutants.
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1. Introduction

The construction industry, known for its high energy 
consumption, is increasingly moving toward  sustainable 
materials and technologies to lessen its environmental im-
pact. Concrete, the most widely used construction material 
worldwide, significantly contributes to the environmental 
footprint due to CO₂ emissions during its production and 
its performance under various environmental conditions. 
Recently, N-TiO2 has gained attention as a valuable addi-
tive to improve the properties of concrete, by utilizing its 
photocatalytic and environmental remediation abilities [1,2].  
When added to concrete, N-TiO2 has demonstrated the 
potential to enhance durability, reduce pollution, and even 
provide self-cleaning effects, all of which support sustain-
able urban development [3–5]. For high-scale infrastructure 
development, such as highways, bridges, and city facades, 
the total expense of including nano-additives at even mod-
est concentrations (e.g., 1–3% by cement weight) might 
considerably outweigh regular material budgets. In the ab-
sence of a serious analysis of long-term economic return, 
such as decreased maintenance expenses, longer service 
life, or environmental credits for pollution mitigation, the 
viability of the installation of N-TiO₂ concrete on a mass 
scale is speculative. Titanium dioxide, a semiconductor 
with a wide band gap, shows strong photocatalytic activity 
when exposed to ultraviolet (UV) light [6]. This property al-
lows N-TiO2 to decompose pollutants like nitrogen oxides 
(NOx) and volatile organic compounds (VOCs) in the air, 
making it a desirable ingredient for photocatalytic concrete [7,8]. 
The addition of N-TiO2 not only tackles the pressing issue 
of urban air pollution but also boosts the self-cleaning ca-
pabilities of concrete surfaces, leading to better aesthetics 
and lower maintenance costs [9,10]. Furthermore, N-TiO₂’s 
ability to facilitate the breakdown of organic pollutants can 
significantly prolong the lifespan of concrete structures by 
reducing the impact of environmental contaminants.

In addition to its environmental advantages, N-TiO2 
has been found to enhance the mechanical and chemi-
cal characteristics of concrete [11]. Reports indicate that 
it improves the material’s resistance to degradation from 
environmental factors such as UV radiation, acid rain, and 
carbonation [12,13]. Moreover, N-TiO2 can enhance concrete 
performance by increasing compressive strength and de-

creasing water absorption, which ultimately leads to greater 
durability [14,15]. The incorporation of N-TiO2 into concrete 
can take different forms, including the use of nano-sized 
TiO₂ particles, which offer enhanced photocatalytic proper-
ties due to their larger surface area. Despite these promis-
ing benefits, there remain challenges associated with the 
practical use of N-TiO2 in large-scale construction projects, 
such as issues related to dispersion in the cement matrix, 
cost, and long-term performance [16]. Addressing these chal-
lenges requires ongoing research to refine N-TiO2 -based 
concrete formulations and optimize their photocatalytic 
efficiency and durability under real-world conditions [17–19].  
The self-cleaning property of N-TiO2 enhances the concrete 
to clean off the dirt which settles on the surface. So that the 
environmental pollutants which settles on the surface will 
be washed off when the reaction of N-TiO2 takes place in 
the presence of sunlight [20–24]. 

In buildings, nano TiO₂ is added  to concrete and 
coatings to give them self-cleaning and pollution-control-
ling abilities. It is also commonly employed in sunscreens, 
paints, water purification, and antimicrobial coatings. Its 
antimicrobial property is another valuable property when 
triggered by light, the generated ROS of nano TiO₂ can kill 
bacterial cell walls and DNA, resulting in efficient micro-
bial inactivation. This makes it beneficial in healthcare, 
sanitation, and building materials where hygienic surfaces 
are essential. Overall, nano TiO₂ is a multifunctional mate-
rial combining environmental, structural, and biological 
benefits, making it promising as an additive in sustainable 
and smart material technologies. Although various studies 
have shown the photocatalytic NOₓ degradation potential 
of nano titanium dioxide (TiO₂) in concrete, much research 
remains that cannot be practically implemented in actual 
environments. Most current studies are mainly focused on 
laboratory tests under optimized UV irradiation, typically 
without consideration for the fluctuating light intensities 
and pollutant concentrations found in urban environments. 
The interconnection between TiO₂ dispersion, concrete 
microstructure, and photocatalytic activity. Dosage, binder 
composition, and surface treatment techniques are rarely 
standardized, and as such, variations in these yield incon-
sistent results. Few studies also assess the reduction in 
NOₓ removal efficiency with time through surface fouling 
or loss of active sites. Economic and lifecycle analyses are 
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most importantly never conducted, which raises questions 
regarding the cost-effectiveness and scalability of TiO₂-
enhanced concrete. Closing these gaps is necessary in 
order to bridge the gap between laboratory testing and sus-
tainable application of NOₓ-degrading concrete technolo-
gies in urban infrastructure [25].

This paper provides a comprehensive review of the 
current research on N-TiO2-incorporated concrete, discuss-
ing the photocatalytic mechanisms, performance enhance-
ment, environmental impact, and practical challenges. 
Furthermore, it highlights recent advances in nanotechnol-
ogy that have contributed to the development of advanced 
N-TiO2 -based concrete materials, aiming to improve the 
sustainability and resilience of urban infrastructures.

2. Titanium Dioxide Nano Particles

2.1. Fundamentals of Titaniumdioxide

Titanium dioxide (TiO₂) is a widely used photocata-
lyst, valued for its stability, non-toxicity, and high photo-
catalytic efficiency [26]. TiO₂ exists in three polymorphs: 
anatase, rutile, and brookite. Among these, anatase, with its 
tetragonal crystal structure, is the most effective for photo-
catalytic applications due to its high surface area and low 
electron-hole recombination rate [27]. These properties make 
anatase suitable for air purification, water purification, self-
cleaning surfaces, and solar energy applications. Anatase 
contributes to reactive oxygen species like hydroxyl 
radicals (.OH) and superoxide anions (O₂·⁻) that oxidize 
pollutants such as nitrogen oxides (NOₓ), sulfur dioxide 
(SO₂), and volatile organic compounds (VOCs), thereby 
converting them into less toxic compounds like nitrates 
and sulfates [27,28,29]. Anatase is also able to fully oxidize 
compounds into carbon dioxide and inorganic salts. Rutile 
is denser, highly chemically inert, and one of the common-
ly used forms for pigments, coatings, and heat-resistant 
materials because of its high refractive index and opacity; 
Brookite is metastable and one of the least abundant forms 
in an orthorhombic structure and synthesizes through 
complex techniques [30]. Anatase and brookite can be trans-
formed into rutile by heat treatment; however, their doping 
or combining often enhances the desired application. It is 
certain that anatase, being the phase that is largely account-
able for TiO₂’s enhanced photocatalytic activity, starts to 

convert into the thermodynamically stable rutile phase at 
temperatures above 600 °C. During this conversion, there 
is a significant loss of photocatalytic efficiency owing 
to the reduced surface reactivity and mobility of charge 
carriers in rutile. In actual urban outdoor environments, 
concrete buildings are subjected to variable and, in some 
cases, high temperatures from solar irradiation, urban heat 
islands, fire accidents, or thermal cycling. The lack of in-
formation or discussion on the long-term thermal stability 
of anatase TiO₂ in the concrete matrix is a cause of concern 
regarding the longevity and continued functionality of the 
photocatalytic effects. Moreover, the effect of such phase 
transitions on mechanical soundness, pore structure, and 
general durability of the concrete is uninvestigated.

TiO₂ nanoparticles (N-TiO2) have gained much 
prominence in cementitious composites. It has a range of 
applications, including self-cleaning, air purification, and 
pollutant decomposition [31,32]. These composites harness 
the photocatalytic properties of N-TiO2 to break down 
organic and inorganic pollutants by UV light. NOₓ con-
centrations are lowered by as much as 50% by such com-
posites [33]. Researchers have been able to prove that NOₓ 
concentrations could be reduced to more than 70% using 
N-TiO2 -modified concrete [34]. Organic contaminants on 
glass, tile, and concrete materials are eradicated under UV 
light with the presence of TiO₂-coated surfaces and main-
tain their cleanliness even in outdoor exposure for long 
periods Unlike the other photocatalytic materials like zinc 
oxide or cadmium sulfide, TiO₂ is safer, cost-effective, and 
chemically more stable even after long UV exposure pe-
riods [35,36]. Additionally, N-TiO2 is an antimicrobial agent 
well known to inhibit fungi such as Cladosporium sp. [37] 
pathogens like Legionella pneumophila [38], and bacteria 
such as Escherichia coli under UV light. These antimicro-
bial properties make TiO₂ suitable for public infrastructure, 
including hospitals, schools, and public transit facilities [39]. 
Advanced techniques such as ultrasonication and surface 
functionalization are often used to improve the dispersion 
and reactivity of N-TiO2 

[40]. In general, the multifunction-
ality of N-TiO2 in concrete, from air purification and self-
cleaning to antimicrobial benefits, places it as a critical 
material for sustainable urban development and environ-
mental protection.
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2.2. Applications of N-TiO2

The main functional benefits that the photocatalytic 
properties of N-TiO2 make it an ingredient widely used in 
concrete include keeping concrete surfaces clean by break-
ing organic matter, dirt, and pollutants through UV light [41]. 
This self-cleaning property has been successfully applied 
in structures like the Jubilee Church in Rome, where N-
TiO2 -coated concrete panels have maintained their bright 
white appearance over the years despite exposure to urban 
grime [42]. These applications reduce maintenance costs, 
prolong the lifespan of structures, and enhance aesthetic 
durability. It has the additional capability of degrading en-
vironmental pollutants, including NOₓ and VOCs, thereby 
improving the quality of air in cities [43]. Case studies sup-
port its real-life efficacy; for example, in Milan, pavements 
and building facades treated with TiO₂ lowered the levels 
of NOₓ by a considerable margin [44]. Laboratory experi-
ments give further evidence:obtained a maximum degra-
dation efficiency of 73.82% for methyl orange pollutants 
using nano-TiO₂ concrete under UV light .  Also showed 
substantial reductions in NOₓ and SO₂ concentrations dur-
ing laboratory and field-testing of N-TiO2 -based photo-
catalytic concrete blocks. These results show the potential 
of N-TiO2 -modified concrete in pollution mitigation, espe-
cially in high-traffic urban areas and industrial zones.

Another important feature of N-TiO2 is its antimi-
crobial property. Upon activation with UV light, N-TiO2 
generates reactive oxygen species that act as inhibitors 
of bacterial, fungal, and other microorganisms, thereby 
preventing the formation of biofilms and degradation of 
surfaces [45]. It is especially advantageous in humid con-
ditions. Laboratory experiments by showed that N-TiO2 
in cement mixes significantly restrained fungal growth, 
especially Cladosporium sp. The antimicrobial properties 
of N-TiO2 -modified concrete make it suitable for public 
infrastructure such as hospitals, schools, and transportation 
hubs, where hygiene is a priority. Moreover, the antimi-
crobial properties of N-TiO2 can be used in water treat-
ment applications  have shown the effective inactivation of 
Escherichia coli using TiO₂-loaded cement under UV ir-
radiation. Hence the various applications of nano titanium 
dioxide plays a significant role in concrete which enhance 
the strength and durability.

N-TiO2 also improves the aesthetic quality and sus-
tainability of concrete. TiO₂ decreases the amount of harm-
ful organic matter that settles on surfaces, hence reducing 
degradation with time [46]. TiO₂-treated concrete also inhib-
its discoloration and staining resulting from organic matter 
and pollutants [47]. It is graffiti-proof, since photocatalytic 
breakdown of organic pigment molecules makes easier the 
cleaning task tested further that also after severe weather-
ing, it maintained a high removal efficiency up to 95% for 
toluene by coatings on autoclaved aerated concrete. N-
TiO2 plays a role in enhancing the thermal efficiency of 
concrete. It reflects the sun’s radiation, thus reducing urban 
heat island effects and cooling energy demands, and hence 
improves the energy efficiency in cities [48]. It also enhances 
the deicing efficiency by breaking ice-melting chemicals 
faster in the presence of UV, making it very efficient in 
colder climates [49]. The various applications of nano tita-
nium dioxide is shown in Figure 1.

Figure 1. Applications of N-TiO2.

3. Functional Properties 

3.1. Antimicrobial Activity

N-TiO2 is a multifunctional material that not only 
removes air pollutants and provides self-cleaning proper-
ties but also exhibits strong antimicrobial action, making 
it effective in preventing microbial growth on concrete 
surfaces  . During photocatalysis, the reactive oxygen spe-
cies (ROS) generated can kill bacteria, fungi, and other 
microbes, preventing biofilm formation and surface deg-
radation. This antimicrobial capability enhances the du-
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rability and hygiene of N-TiO2 -coated materials, making 
them ideal for various applications. The effectiveness of 
N-TiO2 against fungal growth in cement mixes [50] has wide 
impact on concrete. Their study demonstrated that N-TiO2 
strongly inhibited fungal growth, specifically the fungus 
Cladosporium sp., during laboratory experiments. This 
makes N-TiO2 -based concrete particularly suitable for 
critical public infrastructures, such as hospitals, schools, 
and transport facilities, where hygiene is of utmost im-
portance. Without such measurements, it is impossible to 
assess the effectiveness, replicability, or relative advantage 
of N-TiO₂ concrete compared with traditional antimicro-
bial coatings or treatments. Photocatalytic inactivation of 
microorganisms is extremely sensitive to factors like light 
intensity, exposure duration, humidity, surface topography, 
and initial microbial concentration. Thus, in the absence 
of comprehensive experimental information such as rate 
constants or time-resolved CFU measurements, the antimi-
crobial assertion is unsubstantiated and unsound.

In addition to its antibacterial properties, N-TiO2 also 
prevents the growth of fungi, algae, and other microorgan-
isms [51]. The antimicrobial activity of N-TiO2 is especially 
beneficial in water treatment. For example, Diamond et al. [52] 
reported the effective inactivation of Escherichia coli using 
N-TiO2 -loaded cement under UV irradiation [53]. This dual 
functionality of air purification and microbial inhibition 
enhances the versatility and application scope of N-TiO2 in 
concrete. The antibacterial activity of N- TiO₂ is attributed 
to its photocatalytic properties. ROS produced under UV 
light activation penetrate bacterial cell walls, leading to 
cell death [54]. N-TiO2 can inhibit a wide range of bacteria, 
including human pathogens, making it a potential disin-
fectant for use in hospitals, schools, and other sensitive 
environments. Its ability to maintain clean and hygienic 
surfaces under prolonged UV exposure ensures its effec-
tiveness in mitigating microbial risks in both outdoor and 
indoor settings. Hence, N-TiO₂ concrete has significant an-
tibacterial activity, and it has the potential to be used as a 
material for applications where hygiene and cleanliness are 
critical. The antibacterial action of N- TiO₂ in concrete is 
mainly due to its photocatalytic behavior. When subjected 
to ultraviolet (UV) radiation, N- TiO₂ gets photoactivated, 
generating reactive oxygen species (ROS) like hydroxyl 
radicals and superoxide anions [32]. These ROS are capable 

of degrading the cell walls of bacteria, interfering with 
their metabolic functions, and finally causing cell death. In 
concrete, N-TiO₂ is normally introduced as an additive to 
the cement paste or sprayed as a surface coating. With UV 
illumination, the N-TiO₂-treated surface of the concrete be-
comes inhibitive to microbial activity, efficiently discour-
aging bacterial adhesion and biofilm development.

3.2.	 Photocatalytic	Effect	

The photocatalytic features of N-TiO2 are ascribed 
to the property of absorbing ultraviolet light with a band 
gap of 3.2 eV that generates electron-hole pairs and con-
sequently redox reactions required for the annihilation of 
many organic and inorganic pollutants, hence N-TiO2 is 
very efficient for air cleaning purposes. It degrades harm-
ful pollutants such as nitrogen oxides (NOₓ) and volatile 
organic compounds (VOCs), thus leaving the air in urban 
environments significantly cleaner [55,56]. In addition to air 
cleaning, N-TiO2 -coated surfaces have self-cleaning prop-
erties. These coatings degrade organic matter efficiently, 
preventing its accumulation on surfaces and thus reducing 
maintenance costs. Hence, buildings, pavements, and other 
constructions in urban environments remain attractive for 
longer periods of time, even in polluted environments [57]. 
In addition, N-TiO2 films have proven to be effective in 
cleaning the air, even after being exposed to the environ-
ment for long periods of time. This durability makes them 
ideal for use on building walls, roadways, and other areas 
that are frequently exposed to pollution. Another applica-
tion of the photocatalytic activity of N-TiO2 is in water 
purification. N-TiO2 effectively degrades organic pollutants 
and kills microorganisms, making water treatment systems 
more sustainable [58]. 

  The ability to purify both air and water makes N-
TiO2 versatile and crucial in addressing urban pollution. 
It also has an additional environmental and public health 
benefit since it reduces VOCs, such as toluene. Investiga-
tions into N-TiO2 coatings will, therefore, inform optimal 
content levels for N-TiO2 and optimize methods of apply-
ing coatings so as to increase performance with minimal 
cost in material usage. The photocatalytic properties of N-
TiO2 will emerge as an important asset in the fight against 
urban pollution and in fostering environmental sustain-
ability. Its remarkable capacity to keep surfaces clean and 
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purify both air and water will significantly extend the func-
tional lifespan of construction materials, making N-TiO2 
an indispensable element for contemporary, eco-friendly 
urban development [59]. The advantages of Photocatalytic 
activity of N-TiO2 is shown in Figure 2.

Figure 2. Advantages of Photocatalytic effect.

4. Nano Titanium Dioxide in Concrete

4.1. Impact of N-TiO2 on Hardened Properties 

4.1.1. Compressive Strength of N-TiO2 Con-
crete

 The qualities of concrete in mechanical aspects has 
an adverse effect by the addition of nano titanium dioxide 
[60–65]. It helps to improve the strength of the material and 
long lasting property. The rigidity of the material have 
been increased by the closure of pore structures in concrete 
by the formation of C-S-H gel [66]. This is because of the 
addition of nano materials in concrete. Table 1 shows the 
compressive strength of concrete with different proportion 
of N-TiO2.

Table 1. Compressive Strength of N-TiO2 Concrete.

Reference
W/C 
Ratio

Percentage of 
N-TiO2 Added

Optimum 
Percentage

Strength 
in 28 Days 
(MPa)

[60] 0.5 0.5, 1 1 40.47

[61] 0.3 0.5,1,1.5,2 0.5 67.1

[62] 0.5 0.5,0.75,1,1.25,1.5 1 85

[63] 0.48 2 2 22.71

[64] 0.3 1,2,3 2 17

Reference
W/C 
Ratio

Percentage of 
N-TiO2 Added

Optimum 
Percentage

Strength 
in 28 Days 
(MPa)

[65] 0.34 0.5,1,1.5,2,2.5 2 55.35

[66] 0.35 1,2,3,4 2 78.44

[67] 0.33 0.5,1,1.5 1 64.65

[68] 0.42 1,3,5 1 18.03

[69] 0.4 1,3,5 3 23.6

A number of research studies have investigated the 
impact of introducing N-TiO₂ on the strength of concrete 
at 28 days of curing. From the findings, it is evident that 
both the proportion of N-TiO₂ introduced and the water-to-
cement (W/C) ratio are determinative factors in how strong 
the concrete will be. Overall, when utilized in the appro-
priate proportion, N-TiO₂ has the potential to enhance the 
strength of concrete substantially. But beyond the optimum 
percentage, it does not always result in improved outcomes 
and may even decrease strength at times.

It was found that [60], 0.5 W/C ratio was employed 
with 0.5% and 1% N-TiO₂. The optimal dose was 1%, 
which yielded a compressive strength of 40.47 MPa. 
Another research [61], with a reduced W/C ratio of 0.3, 
discovered that optimum results were obtained with only 
0.5% N-TiO₂, which had a significantly higher strength 
of 67.1 MPa. This indicates that a lower W/C ratio and a 
minute amount of N-TiO₂ can prove to be highly effec-
tive. The highest strength reported among the studies was 
85 MPa in reference [62], where 1% N-TiO₂ was added to a 
mix with a W/C ratio of 0.5. This demonstrates that even 
at a moderate W/C ratio, a well-balanced amount of N-
TiO₂ can lead to excellent results. On the other hand, some 
mixes with higher dosages did not perform as well. For 
example, 2% N-TiO₂ was added to a composition having 
a W/C ratio of 0.48, but strength was achieved up to only 
22.71 MPa [63]. The same pattern was observed in another 
literature [64], where there was a very low W/C ratio of 0.3 
but 2% N-TiO₂ achieved only 17 MPa. There were other 
works demonstrating improved performance slightly dif-
ferently. The W/C ratio of 0.34 and 2% N-TiO₂ provided 
a strength of 55.35 MPa [65]. Even stronger value of 78.44 
MPa by employing the same content of TiO₂ but with a W/
C ratio of 0.35 [66]. Employing a W/C ratio of 0.33 and 1% 
N-TiO₂ provided a strong value of 64.65 MPa [67]. These 
results show just how crucial it is to get the correct amount 

Table 1. Cont.
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of water and N-TiO₂ for optimal performance. The work 
experimented with higher concentrations of TiO₂ (up to 5%) 
with W/C values of approximately 0.4. Their outcomes 
were comparatively low, at 18.03 MPa and 23.6 MPa even 
at their optimum [68,69]. In short, N-TiO₂ can make a consid-
erable enhancement in concrete strength if it is applied in 
an appropriate amount with an appropriate water-cement 
ratio. The optimal results generally are achieved through 
1–2% application of N-TiO₂ combined with a W/C value 
ranging from 0.3 to 0.35. Extending beyond these values 
doesn’t always provide an added advantage and may, on 
occasion, compromise performance. The results are en-
couraging for N-TiO₂ application in high-performance and 
environmentally friendly concrete technologies. Figure 3 
describes the various compressive strengths with different 
optimum percentages of the studies.

Figure 3. Compressive Strength of N-TiO2 Concrete.

4.1.2. Split Tensile Strength of N-TiO2 Concrete

The incorporation of N-TiO2 in concrete has been 
found to enhance its mechanical characteristics, such as 
split tensile strength. Split tensile strength is an important 
characteristic, as it reflects the capacity of the concrete to 
resist cracking under tensile stress. A number of studies 
have proved that the inclusion of N-TiO2 particles can im-
prove the microstructure of concrete by favoring the crea-
tion of a denser, more durable network of calcium silicate 
hydrate (C-S-H) gel, which is significant in the develop-
ment of tensile strength [70]. The nanoparticles enhance the 
cement particles’ bonding together, enhancing the mate-
rial’s cracking resistance [65]. In addition, the photocatalytic 
properties of N-TiO2, particularly when exposed to UV, 

have been investigated for their ability to enhance the long-
term strength of concrete, which indirectly affects tensile 
strength [71]. Nevertheless, the performance of N-TiO2 to 
increase split tensile strength is based on particle size, con-
centration, and water-to-cement ratio [72–74]. Optimization 
of the quantity of N-TiO2 is critical because high dosing 
levels can negatively impact the workability and early-
age strength of concrete [10,75].  The variations in strength is 
shown in Table 2. Generally speaking, N-TiO2 possesses 
great potential to enhance split tensile strength as well as 
the performance of concrete.

Table 2. Split Tensile strength of N-TiO2 concrete.

Reference
W/C 
Ratio

Percentage of 
TiO2 Added

Optimum 
Percentage

Strength 
in 28 Days 
(MPa)

[60] 0.5 0.5, 1 1 5.84

[65] 0.34 0.5,1,1.5,2,2.5 2 5.34

[76] 0.413 1,2,3,4,5 3 3.9

[66] 0.35 1,2,3,4 2 5.28

[63] 0.48 2 2 5.1

A number of research studies have investigated how 
the addition of N-TiO₂ influences concrete tensile strength 
at 28 days of curing. The findings indicate that both the 
dose of N-TiO₂ used and the water-to-cement (W/C) ratio 
have a significant influence on what the strength of the con-
crete will be. Overall, if used at the correct dosage, N-TiO₂ 
has been proven to greatly enhance concrete strength [73,74].  
Yet, surpassing the optimal percentage is not always ac-
companied by improved outcomes and may sometimes di-
minish strength as well. The results of the research indicate 
that TiO₂ can improve split tensile strength to an optimum 
dosage, after which the performance might plateau or de-
crease slightly.

For example, in an experiment with a W/C ratio of 
0.5 and testing 0.5% and 1% TiO₂ [60], the optimum dosage 
was 1%, and the split tensile strength increased marginally 
compared to control mixes. This improvement is due to the 
micro-filler effect of TiO₂ particles, which occupy pores in 
the cement matrix, creating a denser, more compact struc-
ture. The fine particles also enhance the bond between the 
cement paste and aggregates, which can enhance the tensile 
performance. In a different investigation [65] where the W/
C ratio was lower at 0.34 and the amounts of TiO₂ varied 
between 0.5% and 2.5%, the optimal tensile strength was 
noted at 2%. The enhanced packing density and interparti-
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cle interaction at this dosage level were probably responsi-
ble for the gains in tensile capacity observed. But it is not 
always a linear relationship. Sometimes [75,76], where more 
concentrated dosages of TiO₂ were used (up to 5%) with a 
W/C ratio of 0.413, the highest split tensile strength was at 
3%. After this, more TiO₂ would have begun to disrupt ce-
ment hydration or caused nanoparticle clustering, detract-
ing from the consistency of the matrix and lowering bond 
strength. Trends similar to the above were also reported 
in [66], with 2% TiO₂ providing optimum performance at a 
W/C ratio of 0.35. What is particularly relevant from this 
finding is that more of an attempt to increase strength was 
being made without properly optimizing the TiO₂ content.

Compared to this, only 2% TiO₂ was tried with a W/
C ratio of 0.48, and the split tensile strength was reason-
ably enhanced but not appreciably higher than normal [63]. 
This indicates that increased water content might limit the 
efficiency of TiO₂ particles by facilitating a less dense mi-
crostructure. In all the studies, the improvements in split 
tensile strength tended to be modest, with most enhance-
ments within the range of 5–15% compared to control sam-
ples. In summary, TiO₂ added to concrete improves split 
tensile strength when used in optimal amounts, usually 
between 1% and 2%. The improvement is primarily due to 
better particle packing and matrix densification. However, 
excessive amounts may hinder performance because of ag-
glomeration or interference with hydration. TiO₂ is not a 
strength-boosting additive in the classical sense, but it can 
provide moderate improvements in tensile strength along 
with its well-known environmental and durability benefits. 
The split tensile strength with varying percentage of N-TiO2 
is shown in Figure 4.
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Figure 4. Split Tensile Strength of N-TiO2 Concrete. 

4.1.3. Flexural Strength of N-TiO2 Concrete

The incorporation of N-TiO2 into concrete has dem-
onstrated promising enhancement in flexural strength, 
which is important for the material’s resistance to bending 
or fracture under load. N-TiO2 particles improve the ce-
ment particle bonding, resulting in a denser microstruc-
ture and improved load distribution, enhancing flexural 
strength Research also indicates that N-TiO2 photocatalytic 
activity contributes to enhanced long-term durability and, 
indirectly, flexural performance [72]. The flexural strength 
of concrete with different percentages is shown in Table 4 
and Figure 5. Optimizing the content of N-TiO2, though, is 
important since overmuch content can impair workability 
and overall strength [10]. A number of studies have investi-
gated this, typically demonstrating that N-TiO₂ enhances 
flexural strength up to an optimal percentage, and then the 
benefits begin to reduce through particle agglomeration or 
interference with cement hydration.

Table 4. Flexural strength of N-TiO2 concrete.

Reference
W/C 
Ratio

Percentage of TiO2 

Added
Optimum 
Percentage

Strength in 28 
Days (MPa)

[60] 0.5 0.5, 1 1 5.84

[67] 0.33 0.5,1,1.5 1 7.27

[65] 0.34 0.5,1,1.5,2,2.5 2 4.41

[76] 0.413 1,2,3,4,5 3 7.2

[66] 0.35 1,2,3,4 2 6.52

[77] 0.4 0.25,0.75,1.25,1.75 0.75 6.1

In a research [60], at a W/C ratio of 0.5, 1% TiO₂ re-
sulted in a flexural strength of 5.84 MPa. More significant 
enhancement was realized in work [67] (W/C = 0.33) when 
1% TiO₂ attained a maximum of 7.27 MPa, the highest 
reported. This implies that a lower W/C ratio in conjunc-
tion with the right TiO₂ amount can yield denser, stronger 
concrete. Employing 2% TiO₂ with a W/C of 0.34 resulted 
in 4.41 MPa [65], whereas research [76] reported 3% TiO₂ 
with a W/C of 0.413 to yield a good result of 7.2 MPa, 
indicating that slightly higher dosages are effective in cer-
tain mixes. It was discovered 2% to be best with 6.52 MPa 
strength and 6.1 MPa at only 0.75% TiO₂ [66,77]. Generally, 
the findings indicate that flexural strength is enhanced by 
TiO₂ between 0.75% and 2%, chiefly by improving mi-
crostructure and bonding between aggregates and paste. 
Beyond optimal dosage, though, the performance drops 
with inadequate dispersion or particle clumping. The vary-
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ing percentage of N-TiO2 is shown in Figure 5. Flexural 
strength is extremely sensitive to mix design variables, mi-
crostructural evolution, curing protocol, and testing proce-
dure. Differences in nanoparticle  dispersion, compatibility 
of admixtures, and even specimen shape can considerably 
influence mechanical performance.
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Figure 5. Flexural strength of N-TiO2 Concrete.

5. Impact of N-TiO2 on Fresh Prop-
erties 

The fresh characteristics of concrete, such as setting 
time, consistency, and workability, have a  greater impact 
on the addition of N-TiO2  

[78]. The smaller size and amount 
of N-TiO2 in concrete improves the fresh nature of the 
concrete. The factors such as slump and slump flow were 
triggered by the incorporation of N-TiO2 

[79]. In concrete 
technology, maintaining consistent workability is essential 
for casting, compaction, and surface finish quality. The 
high surface area of N-TiO₂ not only increases water de-
mand but also alters the rheological behavior of the mix. 
There was a decrease in slump flow by the augumentation 
percentage of N-TiO2 in concrete [80]. On comparison with 
normal concrete, the value of the slump was 145 mm by 
the addition of 1% N-TiO2 

[81]. The addition of N-TiO2 to 
concrete has been researched for its potential to modify 
the setting time and improve the overall properties of the 
material. N-TiO2 particles with their small particle size and 
high surface area can speed up the hydration of cement, 
especially during the early stages of setting. Research indi-
cates that N-TiO2 has the ability to serve as a catalyst, pro-
moting the decomposition of water molecules and promot-
ing the development of calcium silicate hydrate (C-S-H) 
gel, which plays an important role in strengthening [82]. This 

catalysis accelerates the setting time of concrete, with the 
potential to result in quicker construction processes. In ad-
dition, the photocatalytic activity of N-TiO2 when exposed 
to ultraviolet (UV) light can also provide enhanced dura-
bility and resistance to environmental conditions, which is 
desirable for use in outdoor applications [83]. Nevertheless, 
the degree of influence of N-TiO2 on setting time varies 
with particle concentration and the water-to-cement ratio 
of the mixture [84]. Although N-TiO2 has been found to have 
beneficial effects on setting time and strength, it is neces-
sary to optimize its application to avoid premature harden-
ing or loss of workability [10]. Therefore, the incorporation 
of N-TiO2 in concrete is a promising route for enhancing 
both the setting time and long-term performance of the 
material. A dramatic decrease in workability is among the 
most perceptible consequences of the incorporation of 
N-TiO₂. Owing to its highly developed surface area and 
ultrafine particle size, N-TiO₂ enhances the mixing water 
demand of the concrete blend. This makes the mix harder 
and lower-slump, making it less workable in the absence 
of using more water or plasticizers. For proper flowabil-
ity to be sustained, the mixes containing N-TiO₂ routinely 
contain superplasticizers or water-reducing admixtures. N-
TiO₂ can also have an effect on the setting time of concrete 
[83]. According to certain research, it can cause a slight 
increase in the initial setting time because it has high sur-
face energy and supports nucleation sites for the hydrating 
products. The effect’s magnitude is reliant on the N-TiO₂ 
dosage, cement type, and other mix components, though. 
The porosity of N-TiO₂ concrete could also vary due to the 
fine nature of the particles, which can attract more air into 
the mix. Again, this effect tends to be negligible and may 
be managed by proper adjustments to the mix design.

  In general, although N-TiO₂ delivers some function-
al benefits, in particular with respect to photocatalysis and 
environmental performance, its influence on fresh proper-
ties must be treated with caution. Changes in mix propor-
tions, water amount, and admixture dosages are usually 
required in order to obtain the required workability and 
performance in the plastic state. By adequate mix design, 
N-TiO₂ concrete can have both satisfactory fresh behavior 
and improved durability, as well as environmental advan-
tages.
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6. Conclusions

The conclusions derived from the above research pa-
pers suggest  the following points.

	The addition of nano titanium dioxide has a great-
er effect in concrete because of its photocatalytic, 
self-cleaning and self-healing effects.

	The concrete surface with N-TiO2 when exposed 
to sunlight, triggers a chemical reaction that con-
verts harmful substances like NOx to harmless 
ones like nitrates. This means that the concrete 
with N-TiO2 helps to clean the air in urban envi-
ronment.

	The photocatalytic action of these nano particles 
break down the organic dirt on the surface of the 
concrete, which settles on it. This can be washed 
off in rain or water, which makes the surface clean 
leading to self-cleaning performance.

	Addition of N-TiO2 creates anti-microbial activity 
by  breaking down of the cell walls of bacteria and 
generating reactive oxygen species

	The literatures revealed that the mechanical char-
acteristics of concrete with titanium dioxide nano 
particles showed good improvement. The more 
amount of titanium dioxide nano particles in con-
crete leads to decrease in strength characteristics. 
This is because of the improper distribution of 
nano particles.

	The studies also revealed that the addition of N-
TiO2 alters the behaviour of concrete in its fresh 
state. It makes the concrete workable and easy to 
pour because of the nano sized particles provided 
the mix is properly modified with the addition of 
super plasticizer.

Future Scope
The application of nano titanium dioxide (TiO₂) in 

concrete offers promising potential for reducing urban 
air pollution by photocatalytic decomposition of nitrogen 
oxides (NOₓ). Nevertheless, future studies need to focus 
on several key aspects for improving both the scientific 
knowledge and the practical applicability. 

	Extended field exposure experiments are critical to 
assess the durability and long-term photocatalytic 
activity of N-TiO₂ under authentic environmental 

factors, such as fluctuating sunlight exposure, pol-
lution intensity, temperature swings, and surface 
wear. 

	Research into optimizing N-TiO₂ dose and disper-
sion processes in various binder systems will lead 
to consistency and efficiency enhancement for ap-
plications. In addition, investigations need to ex-
amine the complementarity between N-TiO₂ and 
additives like fly ash or slag to create sustainable, 
multifunctional concretes. 

	New surface modification approaches like doping 
with metals or non-metals might also optimize 
visible light stimulation, enhancing performance 
under low-UV situations. In addition, incorporat-
ing sensors for in situ monitoring of NOₓ degra-
dation could also provide avenues for intelligent 
infrastructure. 

	Life-cycle studies should be conducted in order to 
assess the viability of mass-scale adoption in pub-
lic infrastructure. These future considerations will 
be essential to bringing N-TiO₂-based photocata-
lytic concrete from the laboratory to the usable 
urban environmental product.

Author Contribution

J.D.-Project Administartion, Methodolgy, Conceptu-
alization and Validation; S.S., S.P.-Investigation, Resources, 
Data curation, Original Draft Preparatio, Writing review 
and Editing; M.P.- Supervision, Visulization, Resources and 
Writing Review.

Funding

This work received no external funding.

Institutional Review Board Statement

Not Applicable.

Informed Consent Statement

Not Applicable.

Data Availability Statement

Unavailable due to privacy.



11

Journal of Building Material Science  | Volume 07 | Issue 03   | September 2025

Conflicts	of	Interest

The authors declare no conflict of interest.

References

[1] Tariq, S., 2024. Photocatalytic Degradation of Envi-
ronmental Pollutants: Advances in Material Design. 
Frontiers in Chemistry, Materials and Catalysis. 
1(2), 262–279. Available from: https://sprcopen.org/
FCMC/article/view/96

[2] Castro-Hoyos, A.M., Rojas Manzano, M.A., Maury-
Ramírez, A., 2022. Challenges and opportunities of 
using titanium dioxide photocatalysis on cement-
based materials. Coatings. 12(7), 968. DOI: https://
doi.org/10.3390/coatings12070968

[3] Wei, Y., Meng, H., Wu, Q., et al., 2023. TiO2-Based 
Photocatalytic Building Material for Air Purifi-
cation in Sustainable and Low-Carbon Cities: A 
Review. Catalysts. 13(12), 1466. DOI: https://doi.
org/10.3390/catal13121466

[4] Pinho, L., Mosquera, M.J., 2013. Photocatalytic ac-
tivity of TiO2–SiO2 nanocomposites applied to build-
ings: influence of particle size and loading. Applied 
Catalysis B: Environmental. 134, 205–221. DOI: 
https://doi.org/10.1016/j.apcatb.2013.01.021

[5] Andaloro, A., Mazzucchelli, E.S., Lucchini, A., et 
al., 2016. Photocatalytic self-cleaning coatings for 
building facade maintenance. Performance analysis 
through a case-study application. Journal of Facade 
Design and Engineering. 4(3–4), 115–129. DOI: 
https://doi.org/ 10.3233/FDE-160054

[6] Truppi, A., Luna, M., Petronella, F., et al., 2018. Pho-
tocatalytic activity of TiO2/AuNRs–SiO2 nanocom-
posites applied to building materials. Coatings. 8(9), 
296. DOI: https://doi.org/10.3390/coatings8090296

[7] Shafiq, I., Hussain, M., Shehzad, N., et al., 2019. The 
effect of crystal facets and induced porosity on the 
performance of monoclinic BiVO4 for the enhanced 
visible-light driven photocatalytic abatement of 
methylene blue. Journal of Environmental Chemi-
cal Engineering, 7(4), 103265. DOI: https://doi.
org/10.1016/j.jece.2019.103265

[8] Bica, B.O., de Melo, J.V.S., 2020. Concrete blocks 
nano-modified with zinc oxide (ZnO) for photocata-
lytic paving: Performance comparison with titanium 
dioxide (TiO2). Construction and Building Materi-
als. 252, 119120. DOI: https://doi.org/10.1016/
j.conbuildmat.2020.119120

[9] He, R., Huang, X., Zhang, J., et al., 2019. Preparation 
and evaluation of exhaust-purifying cement concrete 
employing titanium dioxide. Materials. 12(13), 2182. 
DOI: https://doi.org/10.3390/ma12132182

[10] Chen, C., Tang, B., Cao, X., et al., 2021. Enhanced 

photocatalytic decomposition of NO on port-
land cement concrete pavement using nano-TiO2 
suspension. Construction and Building Materi-
als. 275, 122135. DOI: https://doi.org/10.1016/
j.conbuildmat.2020.122135

[11] Sugrañez, R., Álvarez, J.I., Cruz-Yusta, M., et al., 
2013. Enhanced photocatalytic degradation of NOx 
gases by regulating the microstructure of mortar 
cement modified with titanium dioxide. Build-
ing and Environment. 69, 55–63. DOI: https://doi.
org/10.1016/j.buildenv.2013.07.014

[12] Shen, S., Burton, M., Jobson, B., et al., 2012. 
Pervious concrete with titanium dioxide as a pho-
tocatalyst compound for a greener urban road 
environment. Construction and Building Materi-
als. 35, 874–883. DOI: https://doi.org/10.1016/
j.conbuildmat.2012.04.097

[13] Shen, W., Zhang, C., Li, Q., et al., 2015. Preparation 
of titanium dioxide nano particle modified photocata-
lytic self-cleaning concrete. Journal of cleaner pro-
duction. 87, 762–765. DOI: https://doi.org/10.1016/
j.jclepro.2014.10.014

[14] Li, Y., Gao, Q., Xing, T., et al., 2016. Sorption and 
photocatalytic degradation of trichlorfon by foam 
concrete blended with nitrogen-doped titanium diox-
ide. Journal of Materials in Civil Engineering. 28(5), 
04015200. DOI: https://doi.org/10.1061/(ASCE)
MT.1943-5533.0001505

[15] Pacheco-Torgal, F., Jalali, S., 2011. Nanotechnol-
ogy: Advantages and drawbacks in the field of con-
struction and building materials. Construction and 
Building Materials. 25(2), 582–590. DOI: https://doi.
org/10.1016/j.conbuildmat.2010.07.009 

[16] Wang, Y., Li, Y., Zhang, W., et al., 2015. Pho-
tocatalytic degradation and reactor modeling of 
17α-ethynylestradiol employing titanium dioxide-
incorporated foam concrete. Environmental Science 
and Pollution Research. 22, 3508–3517. DOI: https://
doi.org/10.1007/s11356-014-3573-5

[17] Chen, X.F., Kou, S.C., 2019. Sulfur dioxide deg-
radation by composite photocatalysts prepared by 
recycled fine aggregates and nanoscale titanium di-
oxide. Nanomaterials. 9(11), 1533. DOI: https://doi.
org/10.3390/nano9111533

[18] Mostafa, F.E.Z.M., Smarzewski, P., El Hafez, 
G.M.A., et al., 2023. Analyzing the effects of nano-
titanium dioxide and nano-zinc oxide nanoparticles 
on the mechanical and durability properties of self-
cleaning concrete. Materials. 16(21), 6909. DOI: 
https://doi.org/10.3390/ma16216909

[19] Dikkar, H., Kapre, V., Diwan, A., et al., 2021. Ti-
tanium dioxide as a photocatalyst to create self-
cleaning concrete. Materials Today: Proceedings. 
45, 4058–4062. DOI: https://doi.org/10.1016/
j.matpr.2020.10.948

https://sprcopen.org/FCMC/article/view/96
https://sprcopen.org/FCMC/article/view/96
https://doi.org/10.3390/coatings12070968
https://doi.org/10.3390/coatings12070968
https://doi.org/10.3390/catal13121466
https://doi.org/10.3390/catal13121466
https://doi.org/10.1016/j.apcatb.2013.01.021
https://doi.org/10.1016/j.cemconres.2018.06.003
https://doi.org/10.3390/coatings8090296
https://doi.org/10.1016/j.jece.2019.103265
https://doi.org/10.1016/j.jece.2019.103265
https://doi.org/10.1016/j.conbuildmat.2020.119120
https://doi.org/10.1016/j.conbuildmat.2020.119120
https://doi.org/10.3390/ma12132182
https://doi.org/10.1016/j.conbuildmat.2020.122135
https://doi.org/10.1016/j.conbuildmat.2020.122135
https://doi.org/10.1016/j.buildenv.2013.07.014
https://doi.org/10.1016/j.buildenv.2013.07.014
https://doi.org/10.1016/j.conbuildmat.2012.04.097
https://doi.org/10.1016/j.conbuildmat.2012.04.097
https://doi.org/10.1016/j.jclepro.2014.10.014
https://doi.org/10.1016/j.jclepro.2014.10.014
https://doi.org/10.1061/(ASCE)MT.1943-5533.0001505
https://doi.org/10.1061/(ASCE)MT.1943-5533.0001505
https://doi.org/10.1016/j.conbuildmat.2010.07.009
https://doi.org/10.1016/j.conbuildmat.2010.07.009
https://doi.org/10.1007/s11356-014-3573-5
https://doi.org/10.1007/s11356-014-3573-5
https://doi.org/10.3390/nano9111533
https://doi.org/10.3390/nano9111533
https://doi.org/10.1016/j.matpr.2020.10.948
https://doi.org/10.1016/j.matpr.2020.10.948


12

Journal of Building Material Science  | Volume 07 | Issue 03   | September 2025

[20] Awadalla, A., Zain, M.M., Kadhum, A.A.H., et al., 
2011. Titanium dioxide as photocatalyses to create 
self-cleaning concrete and improve indoor air quality. 
International Journal of the Physical Sciences. 6(29), 
6767–6774. DOI: https://doi.org/10.5897/IJPS11.254

[21] Zhang, X., Li, H., Harvey, J.T., et al., 2021. Purifi-
cation effect on runoff pollution of porous concrete 
with nano-TiO2 photocatalytic coating. Transpor-
tation Research Part D: Transport and Environ-
ment. 101, 103101. DOI: https://doi.org/10.1016/
j.trd.2021.103101

[22] Diamanti, M.V., Lollini, F., Pedeferri, M.P., et al., 
2013. Mutual interactions between carbonation and 
titanium dioxide photoactivity in concrete. Build-
ing and Environment. 62, 174–181. DOI: https://doi.
org/10.1016/j.buildenv.2013.01.023

[23] Liu, J., Jee, H., Lim, M., et al., 2020. Photocata-
lytic performance evaluation of titanium dioxide 
nanotube-reinforced cement paste. Materials. 13(23), 
5423. DOI: https://doi.org/10.3390/ma13235423

[24] Khannyra, S., Luna, M., Gil, M.A., et al., 2022. 
Self-cleaning durability assessment of TiO2/SiO2 
photocatalysts coated concrete: Effect of indoor 
and outdoor conditions on the photocatalytic activ-
ity. Building and Environment. 211, 108743. DOI: 
https://doi.org/10.1016/j.buildenv.2021.108743

[25] Guo, M.Z., Ling, T.C., Poon, C.S., 2017. Photocata-
lytic NOx degradation of concrete surface layers in-
termixed and spray-coated with nano-TiO2: Influence 
of experimental factors. Cement and Concrete Com-
posites. 83, 279–289. DOI: https://doi.org/10.1016/
j.cemconcomp.2017.07.022

[26] Meng, C., Dong, P., Tian, H., et al., 2020. Photocata-
lytic concrete paving block reinforced by TiO2 nano-
tubes for NO removal. Journal of Materials Science. 
55, 14280–14291. DOI: https://doi.org/10.1007/
s10853-020-05048-w

[27] Hassan, M.M., Dylla, H., Asadi, S., et al., 2012. 
Laboratory evaluation of environmental performance 
of photocatalytic titanium dioxide warm-mix asphalt 
pavements. Journal of Materials in Civil Engineer-
ing, 24(5), 599–605. DOI: https://doi.org/10.1061/
(ASCE)MT.1943-5533.0000408

[28] Lee, S.W., Ahn, H.R., Kim, K.S., et al., 2021. Ap-
plicability of TiO2 penetration method to reduce par-
ticulate matter precursor for hardened concrete road 
structures. Sustainability, 13(6), 3433. DOI: https://
doi.org/10.3390/su13063433

[29] Maury-Ramirez, A., Demeestere, K., De Belie, N., 
2012. Photocatalytic activity of titanium dioxide 
nanoparticle coatings applied on autoclaved aerated 
concrete: Effect of weathering on coating physical 
characteristics and gaseous toluene removal. Journal 
of hazardous materials. 211, 218–225. DOI: https://
doi.org/10.1016/j.jhazmat.2011.12.037

[30] Meacock, G., Taylor, K.D.A., Knowles, M.J., et 
al., 1997. The improved whitening of minced cod 
flesh using dispersed titanium dioxide. Journal 
of the Science of Food and Agriculture. 73(2), 
221–225, DOI: https://doi.org/10.1002/(SICI)1097-
0010(199702)73:2<221::AID-JSFA708>3.3.CO;2-L

[31] Wu, D., Wang, Z., Pan, Y., et al., 2023. Study on the 
constitutive relationship between ordinary concrete 
and nano-titanium dioxide-modified concrete at high 
temperature. Materials. 16(14), 4910. 

[32] Khannyra, S., Mosquera, M.J., Addou, M., et al., 
2021. Cu-TiO2/SiO2 photocatalysts for concrete-
based building materials: Self-cleaning and air de-
pollution performance. Construction and Building 
Materials. 313, 125419. DOI: https://doi.org/10.1016/
j.conbuildmat.2021.125419

[33] Luo, G., Liu, H., Li, W., et al., 2020. Automobile 
exhaust removal performance of pervious concrete 
with nano TiO2 under photocatalysis. Nanomaterials. 
10(10), 2088. 

[34] Guo, Z., Huang, C., Chen, Y., 2020. Experimental 
study on photocatalytic degradation efficiency of 
mixed crystal nano-TiO2 concrete. Nanotechnol-
ogy Reviews. 9(1), 219–229. DOI: https://doi.
org/10.1515/ntrev-2020-0019

[35] Hamidi, F., Aslani, F., 2019. TiO2-based photocata-
lytic cementitious composites: materials, properties, 
influential parameters, and assessment techniques. 
Nanomaterials. 9(10), 1444. DOI: https://doi.
org/10.3390/nano9101444

[36] He, K., Chen, Y., Mei, M., 2020. Study on influ-
encing factors of photocatalytic performance of 
CdS/TiO2 nanocomposite concrete. Nanotechnol-
ogy Reviews. 9(1), 1160–1169. DOI: https://doi.
org/10.1515/ntrev-2020-0074

[37] Wong, L.S., 2022. DOI: Durability performance of 
geopolymer concrete: A review. Polymers. 14(5), 
868. DOI: https://doi.org/10.3390/polym14050868

[38] Ganji, N., Allahverdi, A., Naeimpoor, F., et al., 2016. 
Photocatalytic effect of nano-TiO2 loaded cement on 
dye decolorization and Escherichia coli inactivation 
under UV irradiation. Research on Chemical Inter-
mediates. 42, 5395–5412. 

[39] Loh, K., Gaylarde, C.C., Shirakawa, M.A., 2018. 
Photocatalytic activity of ZnO and TiO2 ‘nanopar-
ticles’ for use in cement mixes. Construction and 
Building Materials, 167, 853–859. DOI: https://doi.
org/10.1016/j.conbuildmat.2018.02.103

[40] Yousefi, A., Allahverdi, A., Hejazi, P., 2013. Effective 
dispersion of nano-TiO2 powder for enhancement 
of photocatalytic properties in cement mixes. Con-
struction and building materials. 41, 224–230. DOI: 
https://doi.org/10.1016/j.conbuildmat.2012.11.057

[41] Chen, J., Poon, C.S., 2009. Photocatalytic activity 
of titanium dioxide modified concrete materials–

https://doi.org/10.1016/j.trd.2021.103101
https://doi.org/10.1016/j.trd.2021.103101
https://doi.org/10.1016/j.buildenv.2013.01.023
https://doi.org/10.1016/j.buildenv.2013.01.023
https://doi.org/10.3390/ma13235423
https://doi.org/10.1016/j.buildenv.2021.108743
https://doi.org/10.1016/j.cemconcomp.2017.07.022
https://doi.org/10.1016/j.cemconcomp.2017.07.022
https://doi.org/10.1007/s10853-020-05048-w
https://doi.org/10.1007/s10853-020-05048-w
https://doi.org/10.1061/(ASCE)MT.1943-5533.0000408
https://doi.org/10.1061/(ASCE)MT.1943-5533.0000408
https://doi.org/10.3390/su13063433
https://doi.org/10.3390/su13063433
https://doi.org/10.1016/j.jhazmat.2011.12.037
https://doi.org/10.1016/j.jhazmat.2011.12.037
https://doi.org/10.1002/(SICI)1097-0010(199702)73:2%3c221::AID-JSFA708%3e3.3.CO;2-L
https://doi.org/10.1002/(SICI)1097-0010(199702)73:2%3c221::AID-JSFA708%3e3.3.CO;2-L
https://doi.org/10.1016/j.conbuildmat.2021.125419
https://doi.org/10.1016/j.conbuildmat.2021.125419
https://doi.org/10.1515/ntrev-2020-0019
https://doi.org/10.1515/ntrev-2020-0019
https://doi.org/10.3390/nano9101444
https://doi.org/10.3390/nano9101444
https://doi.org/10.1515/ntrev-2020-0074
https://doi.org/10.1515/ntrev-2020-0074
https://doi.org/10.1016/j.conbuildmat.2018.02.103
https://doi.org/10.1016/j.conbuildmat.2018.02.103
https://doi.org/10.1016/j.conbuildmat.2012.11.057


13

Journal of Building Material Science  | Volume 07 | Issue 03   | September 2025

Influence of utilizing recycled glass cullets as ag-
gregates. Journal of environmental management. 
90(11), 3436–3442. DOI: https://doi.org/10.1016/
j.jenvman.2009.05.029

[42] Lucas, S.S., Ferreira, V.M., De Aguiar, J.B., 2013. 
Incorporation of titanium dioxide nanoparticles in 
mortars—Influence of microstructure in the hardened 
state properties and photocatalytic activity. Cement 
and Concrete Research. 43, 112–120. DOI: https://
doi.org/10.1016/j.cemconres.2012.09.007

[43] Guerrini, G.L., Beeldens, A., Crispino, M., et al., 
2012. Environmental benefits of innovative photocat-
alytic cementitious road materials. In Proceedings of 
the International Conference on Concrete Pavements. 
DOI: https://doi.org/10.33593/iccp.v10i1.426

[44] Bossa, N., Chaurand, P., Levard, C., et al., 2017. 
Environmental exposure to TiO2 nanomaterials incor-
porated in building material. Environmental pollu-
tion. 220, 1160–1170. DOI: https://doi.org/10.1016/
j.envpol.2016.11.019

[45] Foster, H.A., Ditta, I.B., Varghese, S., et al., 2011. 
Photocatalytic disinfection using titanium dioxide: 
spectrum and mechanism of antimicrobial activ-
ity. Applied microbiology and biotechnology. 90, 
1847–1868. https://link.springer.com/article/10.1007/
s00253-011-3213-7

[46] Asadi, S.S., 2022. Experimental Analysis on Prop-
erties of Engineered Cementitious Composite with 
Reactive Nano and Micro materials. DOI: https://doi.
org/10.21203/rs.3.rs-1941025/v1

[47] Pacheco-Torgal, F., Miraldo, S., Ding, Y., et al., 
2013. Targeting HPC with the help of nanoparticles: 
an overview. Construction and Building Materi-
als. 38, 365–370. DOI: https://doi.org/10.1016/
j.conbuildmat.2012.08.013

[48] Zhang, Y., Zhou, Y., Dong, X., et al., 2024. Recent 
advances in TiO2-based photocatalytic concrete: 
Synthesis strategies, structure characteristics, multi-
functional applications, and CFD simulation. Chemi-
cal Engineering Journal. 154186. DOI: https://doi.
org/10.1016/j.cej.2024.154186

[49] Chen, M., Chu, J.W., 2011. NOx photocatalytic deg-
radation on active concrete road surface—from ex-
periment to real-scale application. Journal of Cleaner 
Production, 19(11), 1266–1272. DOI: https://doi.
org/10.1016/j.jclepro.2011.03.001

[50] Gopalan, A.I., Lee, J.C., Saianand, G., et al., 2020. 
Recent progress in the abatement of hazardous pol-
lutants using photocatalytic TiO2-based building ma-
terials. Nanomaterials, 10(9), 1854. DOI: https://doi.
org/10.3390/nano10091854

[51] Staub de Melo, J.V., Trichês, G., 2018. Study of the 
influence of nano-TiO2 on the properties of Portland 
cement concrete for application on road surfaces. 
Road Materials and Pavement Design. 19(5), 1011–

1026. DOI: https://doi.org/10.1080/14680629.2017.1
285811

[52] Diamond, S.A., Kennedy, A.J., Melby, N.L., et al., 
2017. Assessment of the potential hazard of nano-
scale TiO2 in photocatalytic cement: application of a 
tiered assessment framework. NanoImpact. 8, 11–19. 
DOI: https://doi.org/10.1016/j.impact.2017.06.006

[53] Koli, V.B., Ke, S.C., 2022. Self-cleaning photoactive 
metal oxide-based concrete surfaces for environ-
mental remediation. In Advances in Metal Oxides 
and Their Composites for Emerging Applications. 
Elsevier, pp. 523–547. DOI: https://doi.org/10.1016/
B978-0-323-85705-5.00002-6

[54] Wang, D., Hou, P., Zhang, L., et al., 2018. Pho-
tocatalytic activities and chemically-bonded 
mechanism of SiO2@ TiO2 nanocomposites coated 
cement-based materials. Materials Research Bul-
letin. 102, 262–268. DOI: https://doi.org/10.1016/
j.materresbull.2018.02.013

[55] Maury-Ramírez, A., Rinke, M., Blom, J., 2024. Low-
Carbon Embodied, Self-Cleaning, and Air-Purifying 
Building Envelope Components Using TiO2 Pho-
tocatalysis, 3D Printing, and Recycling. Coatings. 
14(9), 1228. DOI: https://doi.org/10.3390/coat-
ings14091228

[56] Wang, W., Li, X., Shen, J., et al., 2023. Feasibil-
ity of high titanium heavy slag used as aggregates 
for asphalt mixtures. Journal of Cleaner Produc-
tion. 411, 137332. DOI: https://doi.org/10.1016/
j.jclepro.2023.137332

[57] Fujishima, A., Zhang, X., Tryk, D.A., 2008. TiO2 
photocatalysis and related surface phenomena. Sur-
face science reports. 63(12), 515–582. DOI: https://
doi.org/10.1016/j.surfrep.2008.10.001

[58] Tanimola, J. O., & Efe, S. (2024). Recent Advances 
in Nano-Modified Concrete: Enhancing Durability, 
Strength, and Sustainability through Nano Silica (nS) 
and Nano Titanium (nT) Incorporation. Applications 
in Engineering Science, 100189.

[59] Jenima, J., Dharshini, M.P., Ajin, M.L., et al., 2024. 
A comprehensive review of titanium dioxide nano-
particles in cementitious composites. Heliyon. Avail-
able from: https://www.cell.com/heliyon/fulltext/
S2405-8440(24)15269-3

[60] Orakzai, M.A., 2021. Hybrid effect of nano-alumina 
and nano-titanium dioxide on Mechanical proper-
ties of concrete. Case Studies in Construction Ma-
terials. 14, e00483. DOI: https://doi.org/10.1016/
j.cscm.2020.e00483

[61] Sun, J., Cao, X., Xu, Z., et al., 2020. Contribution of 
core/shell TiO2@ SiO2 nanoparticles to the hydration 
of Portland cement. Construction and Building Ma-
terials. 233, 117127. DOI: https://doi.org/10.1016/
j.conbuildmat.2019.117127

[62] Sorathiya, J., Shah, S., Kacha, S., 2017. Effect on 

https://doi.org/10.1016/j.jenvman.2009.05.029
https://doi.org/10.1016/j.jenvman.2009.05.029
https://doi.org/10.1016/j.cemconres.2012.09.007
https://doi.org/10.1016/j.cemconres.2012.09.007
https://doi.org/10.33593/iccp.v10i1.426
https://doi.org/10.1016/j.envpol.2016.11.019
https://doi.org/10.1016/j.envpol.2016.11.019
https://link.springer.com/article/10.1007/s00253-011-3213-7
https://link.springer.com/article/10.1007/s00253-011-3213-7
https://doi.org/10.21203/rs.3.rs-1941025/v1
https://doi.org/10.21203/rs.3.rs-1941025/v1
https://doi.org/10.1016/j.conbuildmat.2012.08.013
https://doi.org/10.1016/j.conbuildmat.2012.08.013
https://doi.org/10.1016/j.cej.2024.154186
https://doi.org/10.1016/j.cej.2024.154186
https://doi.org/10.1016/j.jclepro.2011.03.001
https://doi.org/10.1016/j.jclepro.2011.03.001
https://doi.org/10.3390/nano10091854
https://doi.org/10.3390/nano10091854
https://doi.org/10.1080/14680629.2017.1285811
https://doi.org/10.1080/14680629.2017.1285811
https://doi.org/10.1016/j.impact.2017.06.006
https://doi.org/10.1016/B978-0-323-85705-5.00002-6
https://doi.org/10.1016/B978-0-323-85705-5.00002-6
https://doi.org/10.1016/j.materresbull.2018.02.013
https://doi.org/10.1016/j.materresbull.2018.02.013
https://doi.org/10.3390/coatings14091228
https://doi.org/10.3390/coatings14091228
https://doi.org/10.1016/j.jclepro.2023.137332
https://doi.org/10.1016/j.jclepro.2023.137332
https://doi.org/10.1016/j.surfrep.2008.10.001
https://doi.org/10.1016/j.surfrep.2008.10.001
https://www.cell.com/heliyon/fulltext/S2405-8440(24)15269-3
https://www.cell.com/heliyon/fulltext/S2405-8440(24)15269-3
https://doi.org/10.1016/j.cscm.2020.e00483
https://doi.org/10.1016/j.cscm.2020.e00483
https://doi.org/10.1016/j.conbuildmat.2019.117127
https://doi.org/10.1016/j.conbuildmat.2019.117127


14

Journal of Building Material Science  | Volume 07 | Issue 03   | September 2025

addition of nano “titanium dioxide”(TiO2) on com-
pressive strength of cementitious concrete. Kalpa 
Publications in Civil Engineering. 1, 219–225.  
Available from: https://www.academia.edu/downloa
d/94508367/92bdcb501c54fd0eff29a58310d419a1b7
4b.pdf

[63] Salemi, N., Behfarnia, K., Zaree, S.A., 2014. Effect 
of Nanoparticles on Frost Durability of Concrete. 
Available from: https://www.sid.ir/en/VEWSSID/J_
pdf/103820140307.pdf

[64] Ying, J., Zhou, B., Xiao, J., 2017. Pore structure and 
chloride diffusivity of recycled aggregate concrete 
with nano-SiO2 and nano-TiO2. Construction and 
Building Materials, 150, 49–55. DOI: https://doi.
org/10.1016/j.conbuildmat.2017.05.168

[65] Reshma, T.V., Manjunatha, M., Bharath, A., et al., 
2021. Influence of ZnO and TiO2 on mechanical and 
durability properties of concrete prepared with and 
without polypropylene fibers. Materialia. 18, 101138. 
DOI: https://doi.org/10.1016/j.mtla.2021.101138

[66] Selvasofia, S.A., Sarojini, E., Moulica, G., et al., 
2022. Study on the mechanical properties of the na-
noconcrete using nano-TiO2 and nanoclay. Materials 
Today: Proceedings. 50, 1319–1325. DOI: https://
doi.org/10.1016/j.matpr.2021.08.242

[67] Patel, N., Mishra, C.B., 2018. Laboratory Investi-
gation of nano titanium dioxide (TiO2) in concrete 
for pavement. International Research Journal of 
Engineering and Technology (IRJET). 1634(8). 
Available from: ht tps: / /www.academia.edu/
download/58255727/IRJET-V5I5311.pdf

[68] Zhang, M.H., Li, H., 2011. Pore structure and chlo-
ride permeability of concrete containing nano-parti-
cles for pavement. Construction and Building materi-
als. 25(2), 608–616. DOI: https://doi.org/10.1016/
j.conbuildmat.2010.07.032

[69] Ren, J., Lai, Y., Gao, J., 2018. Exploring the influ-
ence of SiO2 and TiO2 nanoparticles on the me-
chanical properties of concrete. Construction and 
Building Materials. 175, 277–285. DOI: https://doi.
org/10.1016/j.conbuildmat.2018.04.181

[70] Qian, G., Yu, H., Gong, X., et al., 2019. Impact of 
Nano-TiO2 on the NO2 degradation and rheological 
performance of asphalt pavement. Construction and 
Building Materials, 218, 53–63. DOI: https://doi.
org/10.1016/j.conbuildmat.2019.05.075

[71] Gopalakrishnan, R., Vignesh, B., Jeyalakshmi, R., 
2020. Mechanical, electrical and microstructural 
studies on nano-TiO2 admixtured cement mor-
tar cured with industrial wastewater. Engineering 
Research Express. 2(2), 025010. DOI: http://doi.
org/10.1088/2631-8695/ab899c

[72] Chen, L., Zhou, L., Liu, Y., et al., 2012. Toxicologi-
cal effects of nanometer titanium dioxide (nano-TiO2) 
on Chlamydomonas reinhardtii. Ecotoxicology and 

Environmental Safety. 84, 155–162. DOI: https://doi.
org/10.1016/j.ecoenv.2012.07.019

[73] Lee, B.Y., Jayapalan, A.R., Kurtis, K.E., 2013. 
Effects of nano-TiO2 on properties of cement-
based materials. Magazine of Concrete Research. 
65(21), 1293–1302. DOI: https://doi.org/10.1680/
macr.13.00131

[74] Nazari, A., Riahi, S., 2011. The effects of TiO2 nano-
particles on physical, thermal and mechanical proper-
ties of concrete using ground granulated blast furnace 
slag as binder. Materials Science and Engineering: A. 
528(4–5), 2085–2092. DOI: https://doi.org/10.1016/
j.msea.2010.11.070

[75] Noorvand, H., Ali, A.A.A., Demirboga, R., et al., 
2013. Incorporation of nano TiO2 in black rice husk 
ash mortars. Construction and Building Materi-
als, 47, 1350–1361. DOI: https://doi.org/10.1016/
j.conbuildmat.2013.06.066

[76] Praveenkumar, T.R., Vijayalakshmi, M.M., Meddah, 
M.S., 2019. Strengths and durability performances 
of blended cement concrete with TiO2 nanoparticles 
and rice husk ash. Construction and Building Mate-
rials. 217, 343–351. DOI: https://doi.org/10.1016/
j.conbuildmat.2019.05.045

[77] Salman, M.M., Eweed, K.M., Hameed, A.M., 2016. 
Influence of partial replacement TiO2 nanoparticles 
on the compressive and flexural strength of ordinary 
cement mortar. Nahrain University College of Engi-
neering Journal. 19(2), 265–270. https://www.iasj.
net/iasj/download/0d706b84d485a387

[78] Daniyal, M., Akhtar, S., Azam, A., 2019. Effect of 
nano-TiO2 on the properties of cementitious com-
posites under different exposure environments. 
Journal of Materials Research and Technology. 
8(6), 6158–6172. DOI: https://doi.org/10.1016/
j.jmrt.2019.10.010

[79] Jayapalan, A.R., Lee, B.Y., Kurtis, K.E., 2009. Effect 
of nano-sized titanium dioxide on early age hydra-
tion of Portland cement. In Nanotechnology in Con-
struction 3: Proceedings of the NICOM3. Springer 
Berlin Heidelberg: Berlin/Heidelberg, Germany. pp. 
267–273. Available from: https://link.springer.com/
chapter/10.1007/978-3-642-00980-8_35

[80] Zhang, R., Cheng, X., Hou, P., Ye, Z., 2015. Influ-
ences of nano-TiO2 on the properties of cement-based 
materials: Hydration and drying shrinkage. Construc-
tion and Building Materials. 81, 35–41. DOI: https://
doi.org/10.1016/j.conbuildmat.2015.02.003

[81] Senff, L., Hotza, D., Lucas, S., et al., 2012. Ef-
fect of nano-SiO2 and nano-TiO2 addition on the 
rheological behavior and the hardened properties 
of cement mortars, Materials Science and Engineer-
ing A. 532, 354–361. DOI: https://doi.org/10.1016/
j.msea.2011.10.102

[82] Sobhy, C.S., Tawfik, T.A., Abd El Hafez, G.M.,  

https://www.academia.edu/download/94508367/92bdcb501c54fd0eff29a58310d419a1b74b.pdf
https://www.academia.edu/download/94508367/92bdcb501c54fd0eff29a58310d419a1b74b.pdf
https://www.academia.edu/download/94508367/92bdcb501c54fd0eff29a58310d419a1b74b.pdf
https://www.sid.ir/en/VEWSSID/J_pdf/103820140307.pdf
https://www.sid.ir/en/VEWSSID/J_pdf/103820140307.pdf
https://doi.org/10.1016/j.conbuildmat.2017.05.168
https://doi.org/10.1016/j.conbuildmat.2017.05.168
https://doi.org/10.1016/j.mtla.2021.101138
https://doi.org/10.1016/j.matpr.2021.08.242
https://doi.org/10.1016/j.matpr.2021.08.242
https://www.academia.edu/download/58255727/IRJET-V5I5311.pdf
https://www.academia.edu/download/58255727/IRJET-V5I5311.pdf
https://doi.org/10.1016/j.conbuildmat.2010.07.032
https://doi.org/10.1016/j.conbuildmat.2010.07.032
https://doi.org/10.1016/j.conbuildmat.2018.04.181
https://doi.org/10.1016/j.conbuildmat.2018.04.181
https://doi.org/10.1016/j.conbuildmat.2019.05.075
https://doi.org/10.1016/j.conbuildmat.2019.05.075
http://doi.org/10.1088/2631-8695/ab899c
http://doi.org/10.1088/2631-8695/ab899c
https://doi.org/10.1016/j.ecoenv.2012.07.019
https://doi.org/10.1016/j.ecoenv.2012.07.019
https://doi.org/10.1680/macr.13.00131
https://doi.org/10.1680/macr.13.00131
https://doi.org/10.1016/j.msea.2010.11.070
https://doi.org/10.1016/j.msea.2010.11.070
https://doi.org/10.1016/j.conbuildmat.2013.06.066
https://doi.org/10.1016/j.conbuildmat.2013.06.066
https://doi.org/10.1016/j.conbuildmat.2019.05.045
https://doi.org/10.1016/j.conbuildmat.2019.05.045
https://www.iasj.net/iasj/download/0d706b84d485a387
https://www.iasj.net/iasj/download/0d706b84d485a387
https://doi.org/10.1016/j.jmrt.2019.10.010
https://doi.org/10.1016/j.jmrt.2019.10.010
https://link.springer.com/chapter/10.1007/978-3-642-00980-8_35
https://link.springer.com/chapter/10.1007/978-3-642-00980-8_35
https://doi.org/10.1016/j.conbuildmat.2015.02.003
https://doi.org/10.1016/j.conbuildmat.2015.02.003
https://doi.org/10.1016/j.msea.2011.10.102
https://doi.org/10.1016/j.msea.2011.10.102


15

Journal of Building Material Science  | Volume 07 | Issue 03   | September 2025

et al., 2022. Insights on the influence of nano-
Titanium dioxide and nano-Zinc oxide on mechani-
cal properties and inhibiting of steel reinforcement. 
Case Studies in Construction Materials. 16, e01017. 
https://doi.org/10.1016/j.cscm.2022.e01017

[83] Kansal, C. M., & Goyal, R. (2021). Effect of nano 
silica, silica fume and steel slag on concrete proper-

ties. Materials Today: Proceedings, 45, 4535-4540.
[84] Choi, H.J., Park, J.J., Yoo, D.Y., 2021. Benefits of 

TiO2 photocatalyst on mechanical properties and 
nitrogen oxide removal of ultra-high-performance 
concrete. Construction and Building Materi-
als. 285, 122921. DOI: https://doi.org/10.1016/
j.conbuildmat.2021.122921

https://doi.org/10.1016/j.cscm.2022.e01017
https://doi.org/10.1016/j.conbuildmat.2021.122921
https://doi.org/10.1016/j.conbuildmat.2021.122921

