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 Abstract

 Materials

-HPC:

-Nanparticles:

Titanium dioxide (TiO2) / zinc oxide (ZnO)

       

Fig. 1. SEM images of (a) TiO2 and (b) ZnO 
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R 41 13.92 7.47 1.25 7.31 29.05 0 0

CT1 41 13.92 7.47 1.25 7.31 28.05 1 0

CT2 41 13.92 7.47 1.25 7.31 27.05 2 0

CT3 41 13.92 7.47 1.25 7.31 26.05 3 0

CZ0.3 41 13.92 7.47 1.25 7.31 28.71 0 0.34

CZ0.6 41 13.92 7.47 1.25 7.31 28.38 0 0.67

CZ1 41 13.92 7.47 1.25 7.31 28.05 0 1

CT1Z0.6 41 13.92 7.47 1.25 7.31 27.38 1 0.67

CT2Z0.3 41 13.92 7.47 1.25 7.31 26.71 2 0.34

Table 1: Formulation of HPC samples

Fig. 2. NOx abatements for TiO2 and ZnO nanoparticles under UV irradiation 
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The development of new modified cement-based materials is increasingly becoming a necessity for improving the durability and surface performance of building materials.

Titanium dioxide (TiO2) photocatalyst has been widely used in building materials science due to its ability to break down pollutants. Zinc oxide (ZnO) is often considered a

substituent for TiO2 because of its photocatalytic and photoluminescent properties. A new inorganic nanocomposite photocatalyst, based on titanium and zinc oxides, is

introduced in this work in order to study its compatibility with High Performance Concrete (HPC). This research aims to study the mechanical and photocatalytic behavior of

mixtures based on nanoparticles in HPC. The study of the efficiency in the nitrogen oxides (NOx) degradation of modified HCP in TiO2 and ZnO with different percentages is

studied. The studies have shown that the introduction of titanium dioxide in HPC presents a significant efficiency for the NOx degradation and a positive effect on the

mechanical properties than zinc oxide, and thus represents potential contribution to sustainability of concrete structures.



 Compressive and Flexural Strength

Fig.3. Compressive (A) and 

flexural (B) strength of HPC 

samples
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The incorporation of nanoparticles into the cement matrix led to increases and slight decreases in compressive and flexural strengths

except for samples containing only zinc oxide which showed a significant decrease. The retarding effect of zinc on the hydration of

cement, has a direct effect on the mechanical resistance.

Unlike TiO2, the mechanical properties of concrete strongly depend on the amount of this nanoparticle used. According to Wang et al.

[1], with increasing the dosage of TiO2 nanoparticles in cement mortars, the strength initially increased rapidly compared to the

reference mortar until the dosage reached 2% by weight of TiO2, then there is a slowdown in the percentage of that increase

These results are not surprising since the added nanoparticles do not have the same performance as Portland CEM I cement.



 NOx decomposition

Figure 4. NOx removal under UV irradiation over CT1, CT3, CZ1 and CT1Z0.6

The photocatalytic activity of HPC samples containing TiO2 and ZnO was evaluated under UV irradiation by

photodegradation of NOx (figure 4). The maximum NO, NOx removal obtained was 8.8 and 6.7%, respectively, for

CT3 sample. CT1Z0.6 sample removed an average of 0.1% of NOx and 1% of NO, however, CZ1 showed no

photocatalytic reaction. On the other hand, the produced amount of toxic intermediate NO2 is very low, which is

crucial in environmental application [2].

It is clear that concretes incorporating TiO2 have been shown to be superior to the photodegradation of NOx

compared to those containing ZnO. B. Bica et al. [3] showed that with the same percentage of TiO2 and ZnO

introduced in the concrete, the concretes incorporating the TiO2 presented a more degradation of the NOx for

various test conditions and even with low percentages. These results are not surprising since the ZnO powder used

in this work was not very reactive to photodegradation.
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Different mixtures of HPC with the nanoparticles in substitution with cement have been prepared and their mechanical properties and capacities to degrade nitrogen oxides

have been studied.

The introduction of nanoparticles into the cement matrix resulted in increases and slight decreases in compressive and flexural strengths, except for samples containing

only zinc oxide which showed a remarkable decrease. The addition of TiO2 up to 2% by weight in the HPC did not decrease the mechanical properties but even increased the

compressive and flexural strength.

All samples showed photocatalytic degradation under UV irradiation, except for concrete containing 1% ZnO, achieving a higher NOx removal rate with a higher TiO2

dosage in concrete. The incorporation of zinc oxide alone into the cementitious matrix deteriorates the properties of the concrete. On the other hand, titanium oxide alone or

mixed with zinc oxide can be used as additions to HPC by substitution of cement to produce a material with photocatalytic and durable properties.

4NO + O2 + 2H2O (oxide, hν) → 4HNO2

2HNO2 + O2 (oxide, hν) → 2HNO3

2HNO3 + NO (oxide, hν) → 3NO2 + H2O
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