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ABSTRACT

PURPOSES : In areas of high traffic volume, such as expressway across large cities, the amount of nitrogen oxides (NOx) emitted into the
atmosphere as air pollution can be significant since NOx gases are the major cause of smog and acid rain. Recently, the importance of NOx
removal has arisen in the world. Titanium dioxide (TiO), that is one of photocatalytic reaction material, is very efficient for removing NOx.
The NOx removing mechanism of TiO: is the reaction of solar photocatalysis. Therefore, TiO: in road structure concrete need to be contacted
with ultraviolet rays (UV) to be activated. In general, TiO2 concretes are produced by replacement of TiO: as a part of concrete binder.
However, considerable portion of TiO» in concrete cannot contact with the pollutant in the air and UV. Therefore, TiO, penetration method
using the surface penetration agents is attempted as an alternative in order to locate TiO» to the surface of concrete structure.

METHODS : This study aimed to evaluate the NOx removal efficiency of photocatalytic concrete due to various TiOz application method
such as mix with TiOy, surface spray(TiO. penetration method) on hardened concrete and fresh concrete using surface penetration agents. The
NOx removal efficiency of TiO concrete was confirmed by NOx Analyzing System based on the specification of ISO 22197-1.

RESULTS : The NOx removal efficiency of mix with TiO; increased from 11 to 25% with increasing of replacement ratio from 3 to 7%. In
case of surface spray on hardened concrete, the NOx removal efficiency was about 50% due to application amount of TiO2 with surface
penetration agents as 300, 500 and 700g/m’. The NOx removal efficiency of surface spray on fresh concrete due to all experimental conditions,
on the other hand, which was very low within 10%.

CONCLUSIONS : It was known that the TiO penetration method as surface spray on hardened concrete was a good alternative in order to
remove the NOx gases for concrete road structures.
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(a) Contribution Rate of Air Pollutant due to Mobile Emission
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Fig. 1 Emission of Air Pollutants in Korea
(Ministry of Environment, 2010)
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Fig. 2 Photocatalytic Reaction
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Fig. 3 Photocatalytic Block Pavement in Belgium
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Fig. 4 Photocatalytic Block Pavement in Japan
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Fig. 5 SEM/EDS Analysis Results due to TiO2
Application Method (Hong et al., 2013)
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Table 1. Experimental Condition for NOx Removal
Efficiency of Photocatalytic Concrete

Type of TiOz Application method of TiO2
cementXx3%
Mix with TiO2 cementxX5%
cementX7%
300g/m?
Fresh
Rutile, 260nm| Py on res 500g/m’
concrete using| concrete
liquid-silicate 700g/m?
surface 300g/m?
penetration | Hardened 500g/m?
agents concrete
700g/m’
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Table 2. Mixture Proportion of Photocatalytic Concrete

Contents
Gmax| fck |sump| AT [W/C|S/a | omd ey e
(ram) | (P | () | (%) | (%) | () Reducing
W|C|S |G| Agent

25 | 24 | 40 |5~7| 45 | 47 |166|370|863|1,001|CX0.3%
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(a) Mold (10x10x80cm)

(b) Concrete Mixing

(d) TiO2 Spray on Concrete

Fig. 6 Specimen Preparation of TiO2 Concrete
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(a) Nox Removal Efficiency (b) Synthetic Air and NO

Tester Source (NO 300ppm/N2)

Fig. 7 NOx Analyzing System
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1. Synthetic air
2. NO source

9 3. Gas washing bottle

(&)

4. Temperature and relative humidity sensor

5. Flow controller

6. Gas photoreactor

7. TiO2 concrete specimen
8. UV-A light source

9. NOx analyzer

10. Computer

Fig. 8 Schematic Reprsentation of the Experimental Setup
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Table 3. Material Properties of TiO2 Concrete

TiO» Replacement Material Property (MPa)
Ratio (%) Compressive Strength | Flexural Strength

0 (Reference) 355 6.5
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