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In this study, we verified the application of TiO, photocatalysts on ventilation ducts used in buildings and their
effects on reducing nitrogen oxide (NOx), which is a typical particulate matter precursor. The TiO2 photocatalyst
produces a radical dioxide with a strong acid oxidation power through photochemical reactions with ultraviolet-
A (UV-A) rays and removes NOx through oxidation. The removal experiment was conducted by applying TiOy
photocatalyst coatings inside the duct to comply with the conditions of the ISO 22197-1: 2007. In addition,
changes in the NOx removal were confirmed through changes in the concentration of NOx and UV-A irradiance
inside the duct. At approximately 100 min after switching on the UV-A lamp during the experiment conduced
according to ISO 22197-1: 2007, the NOx concentration decreased to 0.053 ppm (by 94.87%). Moreover, it has
been confirmed that the trend of reduction is proportional to the changes in UV-A irradiance and NOx con-
centration, that is, an increase in UV-A irradiance has a significant impact on the reduction of NOx concentration;
NOx reduction increases as a secondary function due to an increase in the UV-A irradiance. Through this study, it
is believed that NOx, a representative precursor material that generates particulate matter, can be removed
through a building ventilation system using a TiO, photocatalyst.

1. Introduction air used for building ventilation is no longer fresh air, especially with

severe outdoor pollution, the outside air that is introduced inside must

The average annual fine particulate matter (PM) (i.e., PMy5) con-
centration in South Korea was 24.8 pg/m® in 2019 according to the
annual report of the Organization for Economic Cooperation and
Development (OECD), which is the highest average PMj 5 level in any
OECD country [1]. In Seoul, a daily average concentration of approxi-
mately 25 pg/m> was experienced for 141 days from 2014 to 2016. The
number of days showing this concentration exceeded the daily average
standard given by the World Health Organization recommendation and
has significantly increased in recent years [2]. In particular, the monthly
average concentration was the highest (30-32 pg/m>) during winter
(December to March) [3].

The indoor space, where most people spend a large fraction of their
time performing various activities, poses a high risk of PM exposure,
which is introduced from the outside. Indoor PM exposure affects the
human body more significantly compared to that of outdoor spaces. This
is owing to the limited air circulation [4-6] and has adverse health ef-
fects on the cardiovascular and respiratory systems. Because the outside

be purified to dilute various pollutants included in the air [7-9].

The chemical and physical nature of PM in South Korea is mainly
attributed to its components from chemical reactions with gaseous
precursors, including nitrogen oxides, sulfur oxides, and volatile organic
compounds (VOCs) that generate PM in the atmosphere [10,11]. The
removal of these precursors is effective in reducing PM concentrations in
the atmosphere and indoors.

TiO4 photocatalysts form OH and Os-radicals with strong oxidizing
power on the surface through photochemical reactions with ultraviolet-
A (UV-A) rays (350-380 nm) present in the atmosphere and decompose
pollutants. The photocatalytic oxidation mechanism of nitrogen oxides
is shown in Equations (1)-(8) [12,13]:

Activation (1) ~ (5)

1
TiO, + hv—h* + e, @

H,0(g) + Site” = H, 0,44, (2

* Corresponding author. School of Architecture and Building Science, Chung-Ang University, Seoul, 06974, Republic of Korea.
E-mail addresses: yongma0930@cau.ac.kr (Y.W. Song), asteriaO3@naver.com (S.E. Kim), popopopl2@naver.com (Y.G. Jung), jyoon6142@naver.com (J.Y. Yoo),

jincpark@cau.ac.kr (J.C. Park).

https://doi.org/10.1016/j.buildenv.2021.107881

Received 15 March 2021; Received in revised form 6 April 2021; Accepted 7 April 2021

Available online 21 April 2021
0360-1323/© 2021 Elsevier Ltd. All rights reserved.


mailto:yongma0930@cau.ac.kr
mailto:asteria03@naver.com
mailto:popopop12@naver.com
mailto:jyoon6142@naver.com
mailto:jincpark@cau.ac.kr
www.sciencedirect.com/science/journal/03601323
https://www.elsevier.com/locate/buildenv
https://doi.org/10.1016/j.buildenv.2021.107881
https://doi.org/10.1016/j.buildenv.2021.107881
https://doi.org/10.1016/j.buildenv.2021.107881
http://crossmark.crossref.org/dialog/?doi=10.1016/j.buildenv.2021.107881&domain=pdf

Y.W. Song et al.

2301

‘ 618
56, 56

Building and Environment 199 (2021) 107881

l T

T

11
|
g

i

+444 8

T
; 111 == 3! z Fli 11 ~
( AT |
| == ~Type 1 “Lamp Power Unit “Type 1 —
™ Twesc P P yp:
8 1 T =
b == l Ixﬁ:l |
8} R — Flow Direction Flow Directionfl =1 !
8 E R
] — FAN BOX
L S Flow Direction| SIS
\ 1 |
| T g an) Nl 1 T
| / 1 © 11 ; |
L1
618 618

618

Fig. 1. Design of the TiO, photocatalyst ventilation duct system.

Table 1
TiO, coating paint composition ratio.

Contained Chemicals Proportion
Titanium dioxide(anatase) 1.75%
Silicone compound 5.6%
Ethanol 41.6%
Water 51.0%
Other 0.05%
Table 2
Overview of FESEM and EDS mapping equipment.
Classification Contents
Model SIGMA 500 (Carl Ziess)
Detector SE 2
EDS detector X-Max"50 (Oxford)
Acceleration voltage 18.0 kv
Working distance 8.5 mm
Magnification 500x to 1,000x
Time-resolution 0.8 nm

Fig. 2. FESEM and EDS mapping equipment.

Table 3
Results of FESEM and EDS mapping analysis. A (Spectrum before applying TiO»
coating). B (Spectrum after applying TiO, coating).

Element Before TiO, coating After TiO, coating Change value (%)
(Wt%) (Wt%)

C 12.84 3.47 -9.37

o 3.04 65.09 +62.05

Al 79.34 10.39 —68.95

Cu 4.79 - —4.79

Ti - 21.05 +21.05

Total 100.0 100.0 0

05(g8) + Site” = 045 3
NO(g) + Site"" = NO .y ©)]
NO; + Site” =NOs4, (5)
Hole trapping H,O +h*— -OH + H* (6)
Electron trapping 0,(g) + e —>0; )]
Hydroxyl Attack NO 4 +2-:OH—NOyu45 + HyO NOyyys + -OH—-HNO;  (8)

where hv is the energy of the UV radiation, Site™ is the surface of TiO,
and -OH is the hydroxyl radical.

As observed in Equations (1)-(8), when TiO, on the material surface
absorbs UV energy from sunlight, holes (h") and electrons (e”) are
generated (Equation (1)). «OH and O3 e radicals with strong oxidizing
powers are generated on the surface of TiO, through reactions with HyO
and O in the atmosphere (Equations (2)-(7), electron trapping). This
process generates reactive oxygen species [14], and NOx, a represen-
tative precursor, can be decomposed (8).

Representative studies on the application of TiO, photocatalysts,
studies on the effects of adding TiO, photocatalysts to building mate-
rials, such as concrete [15,16], mortar [17,18], porous blocks [18], and
stone have been conducted. Further, researchers have examined the
removal of nitrogen oxides and sulfur oxides generated on roads by
applying TiO5 photocatalyst coatings to asphalt surfaces, which make up
most road pavements [19,20]. Previous studies have also examined the
PM trend according to the ISO-22197-1 experimental conditions and
other conditions using coating agents mixed with TiO, photocatalysts.

Luigi Cassar et al. conducted research on the application of TiO,
photocatalysts to concrete used as a building exterior material. They had
applied TiO5 photocatalysts on external materials used on the Jubilee
Church, Rome, and road pavements as a test and found an improvement
in antifouling performance and a 30-40% reduction in air pollution
[15]. In contrast, Luna et al. applied TiO5 photocatalyst coatings to the
surface of limestone and granite and found that granite is superior to
limestone in terms of antifouling performance and soot removal [21].
Furthermore, Lettieri et al. also verified the loss of the antifouling per-
formance in eight months and the NOx reduction performance by
employing TiO, photocatalyst coatings to the surface of limestone [22].
Ramirez et al. performed an experiment by applying TiO, photocatalyst
coatings and particle injection to porous cementitious materials and
found that the particle injection method and porous materials have high
toluene removal efficiency [18]. In addition, Song et al. examined the
trend according to the ISO-22197-1 conditions and other conditions
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Fig. 3. Results of FESEM and EDS mapping analysis before and after TiO, coating application.

(irradiance and NOx concentration) using coating agents mixed with
TiO5 photocatalysts [23].

In previous studies on the application of TiOy photocatalysts to air
purifiers, Le et al. and Zhao et al. performed experiments on air purifi-
cation and sterilization in hospitals and buildings by combining TiOy
photocatalytic filters with nano-silver-coated filters [24]. They found
that VOCs and bacteria were removed, 80% of acetone was removed
within 100 min, and 43% of benzene was removed within 150 min. It
was also found that 68-99% of bacteria and fungi were killed after they
passed through the equipment [25].

As for additional studies on the combination of air purifiers and TiOy
photocatalysts, Kim et al. applied a TiO2 photocatalyst filter to an air

purifier and found that the total volatile organic compounds generated
during smoking were reduced by approximately 96% [26]. In addition,
Yu et al. examined the VOC removal efficiency of a TiO, photocatalytic
filter according to the HVAC system humidity conditions [27]. Ao and
Lee examined the NO and NO; removal performance of an air purifier
and a TiO, photocatalytic filter and found that 83.2% of NO was
removed and NO, was increased by 12.9% [28].

Most recent studies on TiO have focused on evaluating its air-
cleaning performance using cement and stone. In addition, a few
studies have quantitatively evaluated the air-cleaning performance of
TiO5 combined with other building materials. TiO, photocatalysts have
been applied to building materials, pavement materials, and air purifiers
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A(Left)

B(Right)

Fig. 4. Condition change test to achieve NOx reduction. (A) Before applying
the coating agent inside the duct and (B) after applying the coating agent inside
the duct.
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Table 6

Experimental application conditions of ISO 22197-1: 2007.
Classification Value
UV-A irradiance 10.0 W/m?
NO gas concentration 1.000 ppm
Temperature 25+25°C
Relative humidity 50%
Number of experiments 3

Table 7

UV-A irradiance applied to the slide-ac at different voltages.

Voltage UV-A irradiance

90V 4.0 W/m?

100V 6.5 W/m?

110V 7.5 W/m? (25% Down)
125V 10.0 W/m? (Basic condition)
135V 12.5 W/m? (25% Up)

150 V 15.0 W/m? (50% Up)

@

0.62 L/min |
@,
Mixde Air Flow D |:] |:I-
Fan Box
T 90
Gas Dilutor ﬁ
AIR
1 —
UV-A Lamp |
Reactor . ) @ _ l:
Il [Ef il : | g —
@) 0.62 L/min aus
Mixde Air Fl
xae AirHow NOx Measuring )
Instrument  0-71 L/min

Fig. 5. Flow diagram of the measurement experiment flow.

Table 4
Measurement points and experiment flow values.

Table 8
Experimental NOx concentration change value.

Classification NOx Concentration
75% Down Concentration 0.250 ppm
50% Down Concentration 0.500 ppm
25% Down Concentration 0.750 ppm
Basic Condition Concentration 1.000 ppm

Measurement point Route Flow rate (Slpm)
@ Dilutor —» Pump 0.62
@] Pump — Duct 0.62
® Duct — NOx Measuring Instrument 0.62
@ NOx Measuring Instrument — Exhaust 0.71
Table 5
Details of equipment.
Name AMI 310, SOM 900
Measurement Velocity )
Precision & Limit Precision 0.1 m/s - | o
Limit 25 m/s |' Iﬁl I '
e @—
Name Serinus 40
Measurement NO, NO,, NOx
Range 0-20 ppm
Precision 0.4 ppb or 0.5%
Sample Flow Rate 0.3 Slpm

Name DLC-0.5K 220/240

Capacity 0.5 KVA (500 VA)

Input/Output 220 V/5-240 V

(electric) Current 2A

Name Testo 174 H

Measurement Temperature, Humidity

Range Temperature -20 ~ +70°C
Humidity 0-100% RH

in previous studies. However, there were no cases in which TiO, pho-
tocatalysts were applied to ventilation ducts. Specifically, as air pollu-
tion has become serious, building ventilation systems require the
introduction of purified outside air.

Therefore, the main purpose of this study was to purify the polluted
outside air introduced into the indoor space through a building venti-
lation duct system with TiO, photocatalyst coatings. A ventilation duct
system with TiO, photocatalyst coatings was designed and fabricated,
and the characteristics of air according to the control of NOx and UV-A
in the ventilation duct system were tested and analyzed in accordance
with ISO 22197-1:2007 [29]. The results of this study are expected to be
used as basic data for securing the health of occupants in buildings with
ventilation systems that introduce polluted outside air.

2. Methods & experiment
2.1. Design and fabrication of the ventilation duct system

The ventilation duct system that was designed and fabricated in this
study is illustrated in Fig. 1. Stainless steel, which is resistant to corro-

sion and does not emit pollutants, was used as for the ventilation duct,
and the duct was modularized for easy assembly and disassembly. The
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Fig. 6. Conditional application experiment results of ISO 22197-1.
Table 9

Conditional application experiment results of ISO 22197-1.

Classification Start concentration End concentration Concentration difference Minimum concentration arrival time
NO 1.030 ppm 0.020 ppm —1.010 ppm (Reduction) 101 min
NO, 0.003 ppm 0.033 ppm +0.030 ppm (Generate) -
NOx 1.033 ppm 0.053 ppm —0.980 ppm (Reduction) 101 min
Gas injection Concentration ~ .
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Fig. 7. Experiment results on UV-A variation in irradiance.

module sizes were set to 618 and 309 mm, considering the size of the
UV-A lamp. The AC type in Fig. 1 was fabricated using acrylic material,
and a thermo-hygrometer was installed in the section to measure the
temperature and humidity.

The fan box shown in Fig. 1 was used for the airflow inside the duct.
Moreover, a multi-blade fan capable of generating an air volume of up to
300 CMH was installed. The area marked with the red dotted line in
Fig. 1 is the section where photochemical reactions between UV-A and
the TiO5 coating agent occur. The coating agent was applied to an area
of 0.18 m?, which represented approximately 13% of the total area. The
amount of the TiO, coating agent applied was 30 g. TL-D 18 W BL lamp

(company P), a lamp with a wavelength of 315-400 nm, was used as a
UV-A lamp in the experiment. Table 1 presents the distribution of
components in the TiO; coating used for the ventilation duct system.

2.2. TiO photocatalyst coating agent

The composition ratio of each element of the TiO2 coating agent used
was analyzed using field emission scanning electron microscopy
(FESEM) and energy dispersive X-Ray spectroscopy (EDS) mapping. The
analysis was conducted by comparing the composition ratio of each
element before and after applying the TiO, coating agent to the sample
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Table 10
Experimental results of UV-A variation with respect to irradiance.
UV-A Start End Concentration Minimum
Irradiance concentration  concentration  difference concentration
arrival time
7.5 W/m? 1.016 ppm 0.055 ppm —0.961 ppm 113 min
10.0 W/m? 1.033 ppm 0.053 ppm —0.980 ppm 101 min
12.5 W/m? 1.020 ppm 0.031 ppm —0.989 ppm 72 min
15.0 W/m? 1.019 ppm 0.020 ppm —0.999 ppm 25 min
0.00 g
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Fig. 8. NOx reduction trend graph with UV-A irradiance.

Table 11
NOx reductions resulting from UV-A irradiance changes.

UV-A Linear exponential R? Time to reach 90% NOx
Irradiance function removal efficiency

7.5 W/m? Y = —0.0623x-0.1291 0.9909 37 min (90.28%)

10.0 W/m? Y = —0.0843x+0.0434 0.9980 29 min (90.60%)

12.5 W/m? Y = —0.1441x+0.2101 0.9936 17 min (90.26%)

15.0 W/m? Y = —0.2513x+0.3138 0.9968 11 min (92.06%)

holder (STUB) used for FESEM. Table 2 and Fig. 2 shows the FESEM and
EDS mapping equipment [23].

Before the application of the TiOy coating agent, the STUB was
composed of C (12.84%), O (3.04%), Al (79.34%), and Cu (4.79%), as
shown in Table 3 and Fig. 3. Al represented the highest proportion in the
STUB. However, after the application of the TiOy coating agent, the
composition of the STUB was as follows: C (3.47%), O (65.09%), Al
(10.39%), and Ti (21.05%), as shown in Table 3 and Fig. 3. Ti, which
was not present before the application of the coating agent, was added
and the proportion of O significantly increased from 3.04% to 65.09%,
confirming the presence of the TiO, component in the coating agent
used in the experiment.

FESEM and EDS mapping analyses confirmed the NOx removal
performance of the TiO, coating agent used in the experiment.

For the efficient application of the coating agent on the inside of the
fabricated ventilation duct system, the coating agent was applied after
the application and hardening of the primer. Fig. 4 shows the inside of
the duct before and after the application of the coating agent.
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2.3. Experiment

In the experiment, air conditions were measured according to the
control of NOx and UV-A in the ventilation duct system with TiOg
photocatalyst coatings, as shown in Fig. 5. Table 4 and Fig. 5 show the
duct inlet and outlet flow rates, respectively. The flow rate inside the
duct was set to 448.66 Slpm during the measurement, and the NOx
concentration was confirmed to remain constant.

As shown in Table 4, the flow rate at measurement point @ is 0.09
Slpm higher that at measurement points @, @, and ®, owing to the
inflow of outside air for NOx analysis. Table 5 lists the details of the
measurement equipment used in the experiments.

The following three experiments were performed. The experiments
were repeated three times, and the average values were used to reduce
the errors that may occur in each experiment.

2.3.1. Experiment 1 (Basic condition)

In the basic experiment, NOx (1.000 ppm) and UV-A (10.0 W/m?)
were applied to the experiment as default values under the conditions of
ISO 22197-1:2007 [29] (see Table 6).

2.3.2. Experiment-2 (UV-A condition change)

The UV-A irradiance control experiment was performed while the
UV-A value was varied from 10.0 W/m? (standard) to 7.5 W/m? (25%
decrease), 12.5 W/m? (25% increase), and 15.0 W/m? (50% increase) as
shown in Table 7. Irradiance was controlled using a voltage controller
(slide-ac).

2.3.3. Experiment-3 (NOx concentration change)

Because NOx has a very high concentration level of 1.000 ppm
employed in the basic condition and such level does not commonly
occur in the atmosphere, the experiment was performed while the
concentration was reduced to 75% (0.750 ppm), 50% (0.500 ppm), and
25% (0.250 ppm), which are the concentrations that may occur in the
actual environment (refer to Table 8).

3. Results & discussion
3.1. Basic condition result

As shown in Fig. 6, NO gas was injected into the duct for 20 min to
reach a NOx concentration of 1.000 ppm, and the concentration was
maintained for 10 min in the experiment. The UV-A lamp was then
turned on, and the NOx concentration was measured for 120 min.
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Table 12

Experimental results of applying NOx concentration change conditions.

Minimum concentration arrival time

NOx concentration

Start concentration

End concentration

Concentration difference

0.250 ppm 0.248 ppm 0.008 ppm —0.240 ppm 66 min

0.500 ppm 0.494 ppm 0.010 ppm —0.484 ppm 86 min

0.750 ppm 0.756 ppm 0.027 ppm —0.729 ppm 93 min

1.000 ppm 1.033 ppm 0.053 ppm —0.980 ppm 101 min
0.00 Table 13

-0.50

-1.00

|
-
n
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»
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-3.00

20 min
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Fig. 11. NOx reduction trend graph with NOx concentration change.

The basic condition results showed that when the NOx concentration
was 1.033 ppm and the UV-A irradiance was 10 W/m?, the NOx con-
centration decreased to 0.053 ppm (by 94.87%) for approximately 100
min after turning on the UV-A lamp in the ventilation duct system with
TiO5 photocatalyst coatings, as shown in Table 9.

NOx reduction results obtained after NOx concentration change.

NOx
concentration

Linear exponential
function

R2

Time to reach 90% NOx
removal efficiency

0.250 ppm
0.500 ppm
0.750 ppm
1.000 ppm

Y = —0.2211x-1.2647
Y = —0.2104x-0.4144
Y = —-0.129x—-0.0267

Y = —0.0843x+0.0434

0.9987
0.9955
0.9963
0.9968

8 min (90.97%)

11 min (90.01%)
19 min (90.79%)
29 min (90.60%)

4.0

3.5

3.0

Trend equation slope concentration ratio

0.0 f

1.00 ppm (100%)

0.75 ppm (75%)

0.50 ppm (50%)

0.25 ppm (25%)

NOx Concentation (ratio)

Fig. 12. NOx reduction rate with change in NOx concentration.
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3.2. UV-A irradiance control result

Fig. 7 shows the results of the UV-A irradiation control experiment.
In the experiment, as in the basic condition, NOx gas was injected into
the duct for 20 min to reach an NOx concentration of 1.000 ppm, and the
concentration was maintained for 10 min. UV-A was then turned on, and
the NOx concentration was measured for 120 min. The measurement
was performed according to the UV-A irradiance (7.5, 12.5, and 15.0 W/
m?).

Table 10 gives the NOx concentration reductions observed during
operation of the UV-A Lamp and the time required to reach the lowest
NOx concentration. The results of the UV-A irradiance control experi-
ment showed that the NOx reduction rate at 7.5 W/m? (94.58%) was
lower than that under basic conditions (94.87%). When the UV-A irra-
diance increased to 12.5 and 15.0 W/m?, however, the NOx reduction
rate also increased (96.96 and 98.04%, respectively).

Fig. 8 shows the NOx reduction trend graph based on the UV-A
irradiance. As the UV-A irradiance increased, the slope of the trend
graph became steeper because of the acceleration of the TiO, photo-
catalytic oxidation reactions. Based on this, the NOx reduction trend
curve according to the UV-A irradiance can be represented by the
equations shown in Table 11.

R? was found to be higher than 0.99 for all trend equations according
to the UV-A irradiance, indicating a high accuracy. It was confirmed that
the trend equation slope representing the reduction rate was propor-
tional to the increase in the UV-A irradiance.

The trend equation slope increment ratio according to UV-A irradi-
ance is shown in Fig. 9. In other words, when the UV-A irradiance
increased from 10.0 to 12.5 and 15.0 W/m?, the trend equation slope
increased by approximately 1.7 and 2.98 times, respectively, confirming
that the pollutant concentration reduction effect increased alongside the
increase in UV-A irradiance.

3.3. NOx concentration control result

The NOx concentration of 1.000 ppm, which was applied to the basic
condition, was too high to represent the general environment. There-
fore, measurements were performed the reduced NOx concentration at
75% (0.750 ppm), 50% (0.500 ppm), and 25% (0.250 ppm) compared to
1.000 ppm.

As shown in Fig. 10, when the results of reactions with UV-A 10 W/
m? were measured while the NOx concentration was reduced from
1.000 ppm to 0.750, 0.500, and 0.250 ppm, the time required to reach
the minimum concentration was the shortest (66 min) at a NOx con-
centration of 0.250 ppm. This indicates that the time required to remove
NOx through reactions with TiOy photocatalysts increases as the NOx
concentration in the air inside the duct increases (refer to Table 12).

Fig. 11 shows the slope of the trend equation according to the NOx
concentration. As the NOx concentration decreased from 1.000 to 0.250
ppm, the time required to reach 90% NOx removal efficiency decreased
from 29 to 8 min. In other words, it was confirmed that the NOx removal
rate increased as the NOx concentration decreased in the ventilation
duct with photocatalyst coatings. This NOx reduction trend can be
represented by trend equations, as shown in Table 13. R? was found to
be higher than 0.99 for the trend equations.

Fig. 12 shows the trend equation of the slope concentration ratio
according to the NOx concentration. When the NOx concentration was
reduced from 1.000 to 0.750, 0.500, and 0.250 ppm, the pollutant
concentration reduction rate increased by approximately 1.5, 2.48, and
2.61 times, respectively.

The above results confirmed that the pollutant removal efficiency in
the ventilation duct with photocatalyst coatings increased as the UV-A
irradiance increased beyond 10 W/m? and the NOx concentration
became lower than 1.000 ppm.
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4. Conclusion

This study analyzed the characteristics of air through a ventilation
duct system with TiO5 photocatalyst coatings when polluted outside air
is introduced into the indoor space using a building ventilation system.
To this end, a ventilation duct system with TiO photocatalyst coatings
was designed and fabricated, and the characteristics of air were
analyzed according to the control of the UV-A irradiance and NOx
concentration. The results of this study can be summarized as follows.

First, many previous studies have been conducted on the application
of TiO, photocatalysts to building materials, pavement materials, and
air purifiers, but there have been no studies on their application to
building ventilation ducts. Therefore, in this study, an air purification
experiment was performed by applying TiO2 photocatalysts to the
ventilation duct.

Second, the air conditions were measured according to the control of
NOx and UV-A irradiance in the ventilation duct system with TiO,
photocatalyst coatings. When the basic conditions of NOx (1.000 ppm)
and UV-A at 10.0 W/m?, given in ISO 22197-1:2007, were applied, the
NOx concentration decreased to 0.053 ppm (by 94.87%) at approxi-
mately 100 min after turning on the UV-A lamp. This confirmed that the
NOx concentration decreased when the air that passed through the
photocatalyst-coated duct reacted with the UV lamp. In addition, ac-
cording to the UV-A irradiance and NOx concentration during the ex-
periments, we confirmed that the pollutant removal efficiency increased
as the UV-A irradiance increased beyond 10 W/m? and the NOx con-
centration became lower than 1.000 ppm. When these results were
verified through trend equations, the R? value was found to be higher
than 0.99.

Third, the experimental results of this study confirmed that it is
possible to reduce PM precursors through ventilation duct systems with
photocatalyst coatings, even in the general atmospheric environment.
This presents the possibility of using ventilation duct systems with
photocatalyst coatings as measures to reduce PM precursors.

However, in this study, the circulation method was used when the
experiment was performed using a ventilation duct system with photo-
catalyst coatings. Therefore, it is necessary to evaluate the PM precursor
reduction performance through a combination of outside air introduc-
tion and the circulation method.

The experimental results of this study are expected to serve as basic
data for evaluating the performance of building ventilation systems with
TiO4 photocatalysts.
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