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Abstract

TiO, photocatalyst was prepared by hydrothermal method using titanium isopropoxide as a precursor. This photocatalyst had higher content of
anatase structure and larger surface area than commercial P-25 photocatalyst. The air purification device with a filter coated with photocatalyst film
was excellent in its capabilities to decompose organic materials and to kill germs. When the device was installed in hospitals, it was powerful for the
sterilization of floating germs in the air. In addition, the number of germs after 7 months operation was almost the same as that obtained in the first

operation.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Air-tightness in buildings is more emphasized than ever to
save energy, which makes it difficult to drive out pollutants
produced inside the buildings [1,2]. In that case, air in the
buildings can cause disease such as headache, allergy, etc. to
people who has stayed in the building for a long time [2].
Besides, the inside air of public facilities that is normally
contaminated with bacteria, fungi, etc. threatens health of the
users. Therefore, large effort has been given to develop efficient
air-purifying systems [3].

Most of air-purifying systems adapt filter-type components for
the cleaning of polluted air. This method may be effective for
short-time use, but not for long-time use since filtering cannot
remove the pollutants for good and can cause secondary pollution.

Recently, photocatalyst technology is drawing attention as a
way to get rid of organic pollutants. Photocatalysts irradiated
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with UV rays produce OH radicals on their surface [4,5]. The
strong oxidation power of OH radicals can get rid of toxic
compounds, which are not easily decomposed by other methods
and shows high bactericidal effect. It is well known that TiO,
particles catalyze the killing of bacteria [6] and cancer cells [7]
by UV light through the generation of free radicals by photo-
excited TiO, particles. Therefore, they are applied in diverse
fields for various purposes [8]. The most commonly used
material as photocatalyst is titanium dioxide.

In this study, photocatalyst filter was prepared by coating
TiO, films and adapted in an air-purifying device to see how
well it decomposes organic materials and how effective it is for
the removal of floating germs inside buildings. In addition, the
chemical and physical properties of photocatalyst coated on the
filter were studied.

2. Experimental

The photocatalyst material (LT) used in this study was
prepared by sol-gel method. Titanium(IV) isopropoxide
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Fig. 1. Schematic diagram of an air-purifying device with the photocatalyst-
coated filters.

(Aldrich Co.) (100 g) and anhydrous ethanol (20 g) was mixed.
The titanium precursor was dropped little by little into distilled
water (800 mL) followed by the addition of nitric acid, and the
solution was stirred at room temperature. Then, the solution
was heated up to 80 °C for more than 6 h to be the final product.

The crystalline structure, particle size, and surface area of
the photocatalyst were analyzed by the patterns of XRD
(Rigaku D/MAX-1200), TEM (JEOL, JEM-2000FXII: Korea
Basic Science Institute/Gwangju Branch) photos and nitrogen
adsorption experiments of powder obtained after the product
was dried at 100 °C. The physico-chemical properties of the
photocatalyst were compared with those of the commercial P-
25 photocatalyst (Degussa).

The photocatalyst filter was prepared by coating the
photocatalyst material on the SiC ceramic filter. Thickness
of the coated film was estimated based on the cross-sectional
view of SEM photos of photocatalyst-coated glass panel made
in the same way.

Decomposition capability of acetaldehyde of the photo-
catalyst-coated ceramic filter was determined based on the
change in the concentration, which was measured with FT-IR
(BIORAD, FTS 175S). Germ-killing capability of the
photocatalyst-coated filter was determined by the method
previously reported [9].

Schematic diagram of an air-purifying device with the
photocatalyst-coated filters is depicted in Fig. 1. It consists of a
pre-filter located at the air inlet, five layers of photocatalyst-
coated ceramic filters, and eight blacklight lamps.

Decomposition capability of organic materials of the air-
purifying device was measured using an 800 L-capacity
chamber. The air-purifying device was put into the chamber
before it was sealed and organic materials were injected into it.
To minimize the effect by the adsorption of the organic
materials on photocatalyst filters, a fan was operated until the
concentration reached the steady state value before the
decomposition experiment.

For the evaluation of sterilizing capability of floating germs
of the air-purifying device, an air sampler (M.A.Q.S II, OXOID
Co.) was used. A BHIA was installed in the air sampler and air
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Fig. 2. XRD patterns of LT and P-25 photocatalysts.

was sucked into it for some time before and after the
installation. The BHIA was cultured at about 37 °C before the
number of germs was counted. The floating germs were
collected at the location 10 m (3 or 15 m) away from the air-
purifying device and 1.5 m above the floor.

3. Results and discussion

Fig. 2 shows X-ray diffraction patterns of powder prepared
from burning and drying of photocatalyst sol (LT) and
commercial P-25 powder. The peak marked “A” in Fig. 2 is
a characteristic peak of anatase and the peak marked “R” is of
rutile. It is known that photocatalysts with anatase structure
generally have better activity than those with rutile [10]. An
analysis showed that photocatalysts used in the study had more
anatase than in P-25. Fig. 3 shows TEM photos of P-25 and LT.
While P-25 is granular with the size of about 30 nm, LT is

Fig. 3. TEM images of P-25 and LT photocatalysts.
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Fig. 4. N, adsorption isotherms of LT and P-25 photocatalysts.

Fig. 5. SEM photo of photocatalyst-coated glass panel.

pyramid-shaped with length of about 30 nm and width of about
4-7 nm. Fig. 4 shows the nitrogen adsorption isotherm of
photocatalysts. The surface area obtained from the nitrogen
adsorption isotherm of P-25 was about 50 m*/g, but LT’s area
was about 200 m*/g. Fig. 5 is an SEM photo of the glass panel
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Germ-sterilizing capability of photocatalyst-coated filter
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Fig. 6. Decomposition capabilities of acetaldehyde of photocatalyst-coated
filters.

coated with LT. The film is smooth and even throughout the
surface. It was assumed that the film coated on the filter had the
same morphology as that on the glass panel.

Fig. 6 shows decomposition capability of acetaldehyde of
ceramic filter before and after the coating with photocatalysts
(LT and P-25). Before the coating (blank in the Fig. 6), there is
no indication of decomposition with or without irradiation of
UV rays. After the coating, acetaldehyde is decomposed as
much as 110 ppm in 120 min if UV rays are irradiated in LT-
coated ceramic filter. The decomposition rate of LT-coated
ceramic filter is much higher than that of P-25 in the same
decomposition period. This result can be explained by the
differences of surface area, anatase content and loading amount
between LT and P-25 coated filters.

Table 1 shows germ-sterilizing capability of LT-coated filter
against four kinds of germs. They killed more than 99.9% of
germs used in the experiment.

Fig. 7 shows decomposing capability of typical organic
materials in a large chamber. The air-purifying device showed
excellent performance in the decomposition of ammonia and
trimethylamine. Trimethylamine and ammonia were decom-
posed to about 100%, acetaldehyde, H,S and methylmercaptan
were 85%, and formaldehyde reached 75%.

Bacteria/virus Density

Removing rate (%)

Escherichia coli

Before measurement (X106):

99.997

156 + 2.0; 30 min after the air
sterilizer was operated (X10 2): 51 £ 1.0

Methicillin-resistant
Staphylococcus aureus

Before measurement (X106):
123 + 2.0; 30 min after the air

99.998

sterilizer was operated (X102): 21 £ 1.5

Serratia marcescens

Before measurement (X106):

99.99

135 &£ 1.0; 30 min after the air
sterilizer was operated (X102): 36 + 0.5

Influenza virus A (flu)

Before measurement (TCID50):

99.921

105.5; 30 min after the air
sterilizer was operated (TCID50): 102.4
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Fig. 7. Decomposing capability of typical organic materials.

Table 2
Floating germ-sterilizing capability of an air-purifying device
Date Analysis place

3m 10 m 15m
20 July 2003 6 1 20
12 December 2003 4 2 22
12 December 2003 Lamp exchange

25 February 2004 3 4 24

Table 2 shows the floating germ-sterilizing capability of an
air-purifying device installed in J Hospital (Gwangju, Korea). It
shows the numbers of floating germs at three different locations
away from the air-purifying device. Before it was installed, the
number of floating germs was 124 CFU/plate. After it was
installed, the numbers were less than 10 CFU/plate at the
locations 3 and 10 m away from the devices. The permitted
standard value by the Hospital Air Quality Act of Korea is
50 CFU/plate. Even at the location 15 m away, the number was
lower than the permitted standard value, 20 CFU/plate.

Table 2 also shows the floating germ-sterilizing capability of
the air-purifying device after long-time operations. The
numbers of germs after 5 and 7 months operations were
almost the same as that obtained in the first operation. These
results indicate that the ceramic filters coated with photo-
catalysts are excellent in their durability.

Fig. 8 shows number of floating germs at the location 10 m
away from the device installed in 10 different hospitals. Before
it was installed, number of floating germs was larger than the
permitted standard value in most of the hospitals, which
indicates that the indoor air of the hospitals is greatly polluted
with germs and the air-purifying device with photocatalyst-
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Fig. 8. Floating germ-sterilizing capability of the device installed in 10
different hospitals.

coated filters can produce highly clean air by killing floating
germs.

In conclusion, it has been proved that the air-purifying
device with photocatalyst filters is so effective for the
decomposition of hazardous organic materials and germ-
sterilization.
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