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Abstract: Titanium oxide (TiOz), a representative photocatalyst, reacts to ultraviolet ray energy and has antibacterial,

deodorizing, and antifouling properties using superhydrophilic properties, so it is widely used in various industrial fields such as

environmental purification, building exterior walls, and road facilities. However, due to the nature of the photocatalyst, it reacts

to ultraviolet rays known to be harmful to the human body, and is designed to react to natural light outdoors and to ultraviolet

light sources inside a sealed device indoors, so indoor space is extremely limited. This study aims to develop spatial antibacterial

technology for everyday living spaces by researching methods for antibacterial and deodorization by reacting titanium oxide

(TiO2)-based photocatalysts with the visible light range emitted from lighting devices in everyday spaces. Through the results

of this study, it was verified through experiments that the photocatalyst exhibits antibacterial and deodorizing properties in

response to lighting devices (LED, fluorescent lights, etc.) used in daily life. Based on the research results, we hope that various

studies will be conducted to create a safer living environment by applying this technology to various fields such as large-scale

complex facilities where an unspecified number of floating populations gather, airports, port waiting rooms, and public

transportation.
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Table 1. Differences between existing photocatalysts and visible light catalysts.

Category Photocatalyst Visible light catalyst
Catalyst TiOz TiOz + Oxide
Light source Ultraviolet, Sunlight Sunlight, Visible light source (LED, etc.)

Applicable to all photocatalyst use fields

Indoors: air purifier, interior paint . . .
p p All objects with a surface, such as indoor

Applicati
pplication areas Outdoor: sidewalk blocks, asphalt, building exterior walls

wallpaper and lighting covers

L Daytime (sunlight), UV LED operating time for Almost all daily life times, including lighting
Photocatalyst reaction time

some devices time and indoor lighting time
Very | Very high
Economic feasibility of artificial . e.ry oW . ey g
(UV LED is expensive and has a lifespan of (Use of popular general LED package and

.
reactions 5,000 to 10,000 hours) lifespan of 50,000~100,000 hours)
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Fig. 1. (a) Reaction mechanism of existing photocatalyst and (b)
reaction mechanism of TiOz + oxide photocatalyst reacting to visible
light.
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Visible light catalyst
— adsorption surface

Fig. 2. Visible light catalyst adsorption of Human centric lighting
diffuser surface.

1. Quantification of reactants: TTIP H2O, IPA
reaction, TiO, nanoparticle production for 6
hours

2. TiO, modified material input: Manganese
Nitrate, etc.

3. Reaction: Reaction for 4 hours, generation of
Mn doped TiO2 nanoparticles, induction of
reaction in visible light region

4. Cooling process: Cooling at room temperature

Fig. 3. Visible photocatalyst production process.
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Fig. 4. (a) Drawing of the experimental space and (b) scene of visible
photocatalyst application and adsorption.
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Table 2. Equipment used for sample collection and analysis.

Equipment name Equipment photo Flow rate
F Ideh; li
ormalde y(.ie sampling 0.5 L/min
device
Total floating bacteria .
28.3 L/min

sampling device

High performance liquid
chromatograph

Incubator

Fig. 5. Experimental space equipped with measuring equipment.
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Table 3. Formaldehyde concentration before visible light catalyst
application.

J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 37, No. 5, pp. 512-518, September 2024: Jang and Kim

2t &200) AA 20 A1 HU1S EEF 5 6AITY o]
A AR5 A17ES Fol FAo] o] 2ol A 3 F 3084

7} 510] A4l 20] 7HA Y ZU}E Emst & 617t o]
A} AL 1738} AIZHS: Z0] HATo] o] 2ojx|7] 3t & 3084
9AlFe ER%E AT ® 63

Table 5. Formaldehyde -concentration after applying visible
photocatalyst.

Measured Measurement Measurement
. Measure- Flow . Measure- Flow  Measured
Measuring . Ro- concentration result Measuring . Ro- . result
position ment time rate average o. i ment time rate  concentration
min L/min)  (48/m%) position . I fmi 5 average
(min) ( ) (8/m’) (min) (L/min)  (48/m°) (/)
XX1 30 1 30 30 1 30.2
1 0.5 37.1 1 XX1 0.5 37.1
bedroom 2 30 2 44 bedroom 2 30 2 44
XX1 30 1 31.2 30 1 31.2
2 0.5 33.7 2 XXl 0.5 33.7
bedroom 3 30 2 36.1 bedroom 3 30 2 36.1
XX2 30 1 44.9 30 1 44.9
3 0.5 46.9 3 XX2 0.5 46.9
bedroom 2 30 2 48.9 bedroom 2 30 2 48.9
XX2 30 1 40.8 30 1 40.8
4 0.5 40.2 4 XX2 0.5 40.2
bedroom 3 30 2 39.5 bedroom 3 30 2 39.5

Table 4. Total floating bacteria concentration before applying visible
light catalyst.

Table 6. Total floating bacteria concentration after application of
visible light catalyst.

Measurement Measurement
. Measure- Flow Measured . Measure- Flow  Measured
Measuring . Ro- . result Measuring . Ro- . result
No. . ment time rate  concentration No. . ment time rate concentration
position (min) (Limin)  (4&/m’) average position (min) (Limin) (/) average
min m ﬂ S
(4g/m°) (4g/m’)
4 1 1,033 4 1 859
XX1 XX1
1 4 2 286 1,050 1,041 1 4 2 286 824 831
bedroom 2 bedroom 2
4 3 1,041 4 3 821
4 1 1,091 4 1 1,013
XX1 XX1
2 4 2 286 1,143 1,102 2 4 2 28.6 1,025 1,022
bedroom 3 bedroom 3
4 3 1,073 4 3 1,007
4 1 891 4 1 551
XX2 XX2
3 4 2 286 844 861 3 4 2 286 550 557
bedroom 2 _— bedroom 2
4 3 847 4 3 571
4 1 851 4 1 881
XX2 - XX2
4 4 2 286 854 840 4 4 2 28.6 865 866
bedroom 3 _— bedroom 3
4 3 815 4 3 852
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Table 7. Changes in formaldehyde concentration before and after " position catalyst ment ecreoase decrease rate
application of visible light catalyst. sult adsorption results  rate (%) (%)
(18/m?®) (1g/m*)
Ist 2nd
s Visible & Average 1,033 859 -16.8
. measure- . measure- Increase/ | XX1
Measuring light increase/ 1,050 (6] 824 -21.5 -20.2
o ition catalyst ment decrease decrease rate bedroom 2————
osi
P sult y. results  rate (%) 1,041 821 211
;. adsorption s (%)
(18/m?) (1g/m°) 1,091 1,013 -7.1
XX1
XX1 30.2 29.1 -3.6 1,143 X 1,025 -10.3 -2.0
_ o) 215 bedroom 3——
bedroom2 440 29.0 -36.1 1,073 1,007 6.2
XX1 31.2 34.8 +11.5 891 551 -38.2
- X 2.1 XxX2
bedroom 3 36, 311 -13.9 844 0 550 -34.8 -35.3
bedroom 2——
XX2 449 32.5 -27.6 847 571 -32.6
E— (¢} -31.1
bedroom2 489 320 -34.6 851 881 +3.5
XX2
XX2 40.8 41.5 +1.7 854 X 865 +1.3 +3.1
X -15 bedroom 3———
bedroom 3 39.5 37.7 -4.6 815 852 +4.5
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Fig. 6. Change in concentration of formaldehyde before and after
application of visible light catalyst.
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Fig. 7. Change in concentration of total floating bacteria before and
after application of visible light catalyst.
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