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ABSTRACT 

 

   At present, self-cleaning and anti-pollution concrete products are produced by various 

companies for use in the facades of buildings and road floors, and have been widely used in 

Europe and Japan. The facade of the building, as one of the most important items of the 

building, is always exposed to sunlight and harsh weather conditions, and its repair and repair 

will not only have high costs for the owners. Production of catalytic cement and new concrete 

compounds with titanium dioxide coating was designed and implemented for roofing and 

facades of buildings. In this paper, the effect of using nanosilica and titanium dioxide on the 

self-cleaning properties of concrete is investigated. Four designs were tested with zero, 2.5, 3.5 

and 5% replacement of cement with TiO2, each with 2% nanosilica percent adsorption 

percentage. Reducing the color change of soot between the designs of the studied mixtures 

shows the positive effect of TiO2 in reducing the color of soot pollution on the concrete surface. 

An increase of titanium dioxide up to 5% leads to a decrease in soot color in the samples, and 

this is due to the photocatalytic properties of titanium dioxide for higher percentages. The 

intense chemical activity of titanium dioxide in the presence of ultraviolet rays can prevent 

bacteria and dirt from sticking to the facade of concrete walls and buildings. 

6 samples each with 2 water absorption percentage tests and 3 nitrogen oxide absorption tests 

make the number of the statistical population to 30. To perform these tests, UV tests were taken 

from the samples. This test will be done according to ASTM C642 method. The addition of the 

highest percentage of titanium dioxide compared to other percentages (5%) and 2% nanosilica 

causes greater density and the highest percentage of nitrogen oxide absorption up to 13.2% of 
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the original sample. As a result, adding a higher percentage of titanium dioxide up to 5% and 

nanosilica up to 2% will be effective in reducing and absorbing about 30% of air nitrogen 

dioxide, which can be used in environmental concrete for sustainable development. 

 

Keywords: Titanium dioxide, Prefabricated facade, Nanotechnology, Self-cleaning property, 

Nanosilica, Reduction of nitrogen oxide in air. 

 

INTRODUCTION 

 

Photocatalytic self-cleaning is one of the most important applications of nanotechnology in the 

construction industry. Natural and industrial pollutants such as NOx, carbon monoxide, VOCs, 

chlorophenols and aldehydes from automobiles and industrial effluents are degraded by 

photocatalysts with the help of a highly active catalyst of titanium dioxide nanoparticles [1]. 

To activate the self-cleaning effect of titanium oxide, natural daylight, air humidity and oxygen 

are required. The activity of titanium dioxide-based photocatalytics can be comprehensively 

studied in the article [2]. For example, we can name the Jubilee Church in Rome, Italy [3] as 

shown in Figure (1). 

 

 
Figure 1. Jubilee Church, Rome, Italy. In the facade of this structure, concrete with a 

combination of titanium dioxide nanoparticles has been used [3]. 

 

Nanosilica can reduce cement consumption, improve concrete quality and increase its 

efficiency [4, 5]. 

The incorporation of TiO2 into cementitious composites has been investigated by some 

researchers. Sanaf et al. (2012) added fractions of different volumes of Nanosilica and Nano 
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TiO2 to the mortar mixture and evaluated the hardened properties. It has been reported that 

when the content of nanosilica and TiO2 is low, mechanical strength is not significantly 

affected, but with increasing weight percentage of nanosilica and TiO2, mechanical strength 

increases by 3% and 12%, respectively [6 ]. 

In a study, the effect of using nanosilica (NS) and microsilica mixtures on the mechanical 

properties of ultra-high performance cementitious composites (UHPCs) is presented. 

To do this, two concrete groups with and without silica fume with a ratio of water to fixed 

cement and fixed cement were designed. Commercial NS used in partial replacement of cement 

with weight of zero percent, 0.5 percent, one percent, two percent and 3 percent. The results 

show that among the different contents of NS, UHPC containing 2% NS showed the best results 

in compressive strength, tensile strength, modulus of elasticity, flexural strength, load handling 

behavior and rupture energy in 90 days. UHPC samples containing cementitious materials (NS 

and SF) gave better results than concretes containing only NS. In addition, the effect of 1% NS 

is approximately equal to 10% SF [7]. 

 

In one study, the photocatalytic activity of TiO2-coated self-compacting glass-containing 

mortars (SCGMs) was investigated in terms of removing air pollutants and inactivating bacteria. 

TiO2-impregnated glasses were used as controls to compare performance [8]. 

Nitric oxide (NO) and Escherichia coli K12 were used as air pollutants and bacterial pollutants, 

respectively. In addition, the weathering resistance of TiO2 coated samples was investigated. 

Regarding NO removal, it is clear that no significant difference was observed between TiO2 

and SCGM impregnated glass, and both showed high NO removal efficiency when using 

conditions 1 (C1, without weathering) (for EtOH mortar, Up to 14.33 mg per square meter H1). 

However, after a period of abrasive weathering, condition 3 (C3, abrasive process), the ability 

to remove NO from TiO2-impregnated glass samples almost disappeared. In contrast, the 

ability to remove NO from SCOM with TiO2 coating remains high performance (for EtOH 

mortar, 8.75 mg / m2 H1). The porosity of the SCGM surface with the coating appears to help 

maintain the desired TiO2 particles after abrasion. For antibacterial activity, a general inactive 

action of E. coli removal was observed in TiO2-impregnated glass and SCGM samples within 

60 min of UV irradiation. 

After the wear process (C3), the inactivation of E. coli in TiO2-impregnated glass is almost 

negligible, whereas, the concentration of E. coli remaining on the surface of TiO2-coated 

SCGM is only about 105 to 103 CFU / ml. Dropped. The results indicate that TiO2 is retained 

in the porosity of the coated SCGM and can still play a role in inactivating E. coli. Considering 

all the results, it can be concluded that inactivation of photocatalytic bacteria is a more complex 

process and the results of photocatalytic activity of NO removal can not always be transferred 

to photocatalytic antibacterial activity. The results of this research are presented in Figure (2) 

[8]. 

 



 
Received: 06-06-2024         Revised: 15-07-2024 Accepted: 28-08-2024 

 

 

1220 Volume 48 Issue 3 (September 2024) 

https://powertechjournal.com 

 

 
Figure (2) Comparison of NO removal by different samples subjected to UV testing in 60 

minutes [8]. 

In all experiments, a commercial nano TiO2 powder (P25, Degussa) was available and used as 

a photocatalyst. The size of TiO2 was 20-50 nm, BET with a specific surface area of 15 50 50 

m2 / g and ordinary white Portland cement (WC, TAIHEIYO) product of Japanese cement and 

metakaolin (MK) were used as samples. Recycled glass (RG) from post-beverage glasses was 

used as a fine material in SCGM. The light green glass bottles are washed and then crushed by 

a mechanical crusher, followed by a sieve with a particle size of less than 5 mm. Self-

compacting glass mortar (SCGM) was prepared by compression of 50 MPa resistance (28 days) 

using a mixture ratio of 0.8: 0.2: 0.2: 0.4 (WC, MK, RG, water). In order to evaluate the 

effectiveness of TiO2 on the photocatalytic activity of mortar, a amount of 5% (cement mass) 

of nano TiO2 in the complete mixture was used. The mixing schemes used are given in Table 

(1) [8]. 

 

Table (1) Mixing schemes used to test water absorption percentage [8]. 

Status of projects   Sampels 

Self-compacting glass mortar (SCGM) without TiO2 Mortar without TiO2 

Self-compacting glass mortar (SCGM) with 5% TiO2 Mortar with 5% TiO2 

Reference glass without TiO2 coating Glass 

TiO2-impregnated glass suspended in ethanol and glycerol 

solution at 450 ° C for 120 min 

EtOH-glass 

TiO2 impregnated glass suspended in methanol solution at 60 ° 

C for 120 min 

MeOH-glass 

Mortar impregnated with TiO2 suspended in ethanol and 

glycerol solution at 120 ° C for 120 min 

EtOH-mortar 

Mortar impregnated with TiO2 suspended in methanol solution 

at 60 ° C for 120 minutes 

MeOH-mortar 
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In an article to determine the effect of cement containing titanium dioxide, nanosilica and the 

presence of waste glass in cement mortar for its potential application in self-cleaning facades. 

Studies have shown that waste glass can be a successful alternative to sand, especially when 

part of it is mixed with sand. In addition, a positive effect of nanomaterials was observed due 

to self-cleaning and mechanical properties. Visual observation of rhodamine B discoloration 

on cement mortar surfaces showed that the presence of waste glass did not affect the cleaning 

properties of titanium-containing commercial cement. The use of waste glass in general can 

neutralize the negative effect of high nanosilica water demand. Hence, nanosilica can be 

successfully incorporated and embedded in cementitious composites without the aid of any 

additional material. The use of nanosilica improves the cohesion between the glass aggregates 

and the cement due to its paste property and consequent compaction of the cement mortar 

structure. The use of 3% by weight of nanosilica significantly increases the flexural and 

compressive strength of specimens containing waste glass materials [9]. 

The importance of corrosion protection of reinforced concrete in aggressive and corrosive 

environmental conditions and protection against water absorption has led to the allocation of 

150 publications of the Program and Budget Organization entitled Environmental Concrete 

Structures (translated by ACI 350-89) [10]. 

 

1. Experimental Study 

 

In this research, using nanosilica replacement percentages and different percentages of using 

0, 2.5, 3.5 and 5 percent titanium dioxide. The water absorption percentage of the samples has 

been investigated. The reason for using these two materials together to compensate for the 

increase in the percentage of water absorption by titanium dioxide in concrete using nanosilica, 

which has a role of reducing the percentage of water absorption and are used in precast concrete 

elements. 

2- Experimental section or laboratory activities 

In this paper, with the help of laboratory methods, the effect of using titanium dioxide and 

nanosilica on reducing the contamination of prefabricated concrete parts in the architectural 

facade of concrete structures has been investigated. 

Type I-42.5 cement was used in accordance with the American Association Standard for 

Testing and Materials (ASTM) -C150 [11]. The chemical composition of cement is presented 

in Table 2. 

 

Table 2: Chemical composition of cement 

 

Compound Cement(%) 

CaO 64.38 

SiO2 21.08 

Al2O3 5.36 

Fe2O3 3.64 

MgO 2 

K2O 0.82 
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Na2O 0.5 

L.O.I(Loss On Ignition) 0.9 

 

TiO2 with a diameter of about 800 nm and a specific gravity of 3.91 g / cm3 was used in the 

mixture ratio. 

Mixing was performed by the method performed in ASTM C109 [12]. The dry materials were 

first mixed gently to obtain a homogeneous dry mixture. A mixture of water and 

superplasticizer was added slowly, and mixing was continued at high speed for 5 minutes to 

obtain a homogeneous mortar. In all mixed designs, water was kept constant relative to the 

cementitious material to prevent loss of mechanical strength. But due to the use of TiO2 instead 

of cement in the ratio mixture, to obtain the mixture with optimal performance, a 

superplasticizer was added in different volume percentages. Samples were emptied after 24 

hours and immersed until test. Table 3 shows the mixed designs of this study. 

 

Tab. 3: Mix designs 

Mix 

designation Cement 

content(kg/m3) 

 Replacement 

percentage 
Water/cement 

 UFTiO2 
NS 

  

N2T0 800  0 2  0.38 

N2T2.5 800  2.5 2  0.38 

N2T3.5 800  3.5 2  0.38 

N2T5 800  5 2  0.38 

 

Figure 3 - Comparison of the use of 5% titanium dioxide with 2% nanosilica for self-cleaning 

properties in concrete before and after 24 hours of UV exposure and the figure on the right 

before the effects of UV and the left figure after 24 hours of UV exposure. Be. 

According to Figure 3, after 24 hours of using UV radiation, it was found that the color of soot 

impregnated on the concrete surface decreases and this is due to the photocatalytic reaction of 

titanium dioxide exposed to ultraviolet radiation. 

 

 
Figure 3 - Comparison of the use of 5% titanium dioxide with 2% nanosilica for self-

cleaning properties in concrete before and after 24 hours of UV exposure and the figure 

on the right before the effects of UV and the left figure after 24 hours of UV exposure.  
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According to Figure 3, after 24 hours of using UV radiation, it was found that the color of soot 

impregnated on the concrete surface decreases and this is due to the photocatalytic reaction of 

titanium dioxide exposed to ultraviolet radiation. 

 

 

 

 
Figure 4 - Comparison of the use of zero, 2.5, 3.5 and 5% titanium dioxide with 2% 

nanosilica for self-cleaning properties in concrete after 24 hours of UV exposure. 

 

According to Figure 4, increasing the percentage of titanium dioxide in samples containing 

2% nanosilica reduced the color of soot impregnated on the concrete surface. 
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Figure 5. Device for determining the amount of reduction of nitrogen oxide adjacent to 

the samples in the tested designs 

 

 

Figure 6. Device for determining the amount of reduction of nitrogen oxide adjacent to 

the samples in the tested designs 
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Figure 7. The input of nitrogen oxide gas from the tank to the surface of the sample in 

the test device to determine the reduction of nitrogen oxide adjacent to the samples in 

the tested designs. 

 

 

 

Figure 8. The output and input of nitrogen oxide gas from the tank to the surface of the 

sample in the test device to determine the amount of reduction of nitrogen oxide 

adjacent to the samples in the tested designs. 
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Figure 9. Placing the concrete sample in the device to carry out the photocatalytic 

activity of concrete to absorb nitrogen oxide gas around the surface of the sample in the 

test device. 

 

 
Figure 10. Radiant light spectrum on the surface of concrete to carry out the 

photocatalytic activity of concrete to absorb nitrogen oxide gas around the surface of 

the sample in the test device.   
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Figure 11. Starting the test for the radiant light spectrum on the surface of concrete to 

perform the photocatalytic activity of concrete to absorb nitrogen oxide gas around the 

surface of the sample in the test device. 

 

Table 4. The density and amount of nitrogen oxide adjacent to the samples in the tested 

designs 

Mix No. Density(kg/m3) 

Density 

(kg/m3) 

NO Base 

Conc. (PPb) 

1 
1901 1896 2005 

2 
1908 1905 2001 

3 
1911 1917 2003 

4 
1925 1933 2004 

5 
1936 1941 2000 

6 
1945 1940 1997 
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Table 5- Nitrogen oxide rate of the samples in the tested plans 

 

 

Mix No. 

NO Base 

Conc. 

(PPb) 

Output NO Conc. (PPb) 

Specimen 1 Specimen 2 Specimen 3 

1 2005 1896 1888 1889 

2 2001 1893 1895 1889 

3 2003 1884 1887 1881 

4 2004 1759 1762 1765 

5 2000 1760 1752 1753 

6 1997 1746 1750 1741 

 

Table 6- Nitrogen oxide absorption percentage of the samples in the tested designs 

Mix No. 
NO Removal 

(%) 

NO 

Removal 

(%) 

NO Removal 

(%) 

1 
5.4 5.8 5.8 

2 
5.6 5.5 5.8 

3 
6.0 5.9 6.2 

4 
12.3 12.1 12.0 

5 
12.2 12.6 12.6 

6 
12.9 12.7 13.2 

  

2. Results 

The use of titanium dioxide nanoparticles up to 5% of cement replacement, increases the speed 

of self-cleaning properties of concrete surfaces. After 24 hours of using UV radiation, it was 

found that the color of the soot impregnated on the concrete surface decreases and this is due 

to the photocatalytic reaction of titanium dioxide exposed to ultraviolet radiation. By adding a 

higher percentage of titanium dioxide, the reduction of color caused by soot on the concrete 

surface was determined.  

6 samples each with 2 water absorption percentage tests and 3 nitrogen oxide absorption tests 

make the number of the statistical population to 30. To perform these tests, UV tests were taken 

from the samples. This test will be done according to ASTM C642 method. The addition of the 

highest percentage of titanium dioxide compared to other percentages (5%) and 2% nanosilica 

causes greater density and the highest percentage of nitrogen oxide absorption up to 13.2% of 

the original sample. As a result, adding a higher percentage of titanium dioxide up to 5% and 

nanosilica up to 2% will be effective in reducing and absorbing about 30% of air nitrogen 

dioxide, which can be used in environmental concrete for sustainable development. 
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