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Recent developments in photocatalysts have focused on the development of semiconductors with low
band gap energies that utilize low-energy light quanta in the visible light region. Conversely, this
research has focused on photocatalytic reactions that excite wide-bandgap semiconductors using high
photon energy of 5.6 eV from far ultraviolet rays (far-UV) with a wavelength of 222 nm from an excimer
lamp. In this study, it was found that ZrO,, which has a band gap of 5.0 eV, has high photocatalytic activity
when irradiated with 222 nm far-ultraviolet light, and it is expected that applications such as the
decomposition of organic fluorine compounds with C-F bonds that could not be easily decomposed until
now, and the rapid decomposition of high concentrations of organic gases that cause bad odors, can be
achieved.
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Fig. 1 Time variation in formaldehyde concentration when
anatase-type TiO, and ZrO, coated on a 150 X 260 mm glass
plate in a 45 L airtight container were irradiated with 222 nm
far-ultraviolet light at 21 uW/cm?. The results are compared
with the blank condition, in which no sample plate was
inserted and no irradiation was performed. Three trials were
conducted under each condition.
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Fig. 2 Correlation between the illuminance and the reac-
tion rate constant of the formaldehyde decomposition reac-
tion when 365 nm UV-A is irradiated on anatase-type TiO,
coated on a 150X260 mm glass plate in a 45 L airtight
container. It is clear that the increase in reaction rate with illu-
minance saturates at around 100 yW/cm?

fToBOMERFETH D, BRI TH > TH PR
R CTHHINE Z EPHEDTH S,

365 nm TOMH TIZ, 100 uW/cm* FEIEDR)E T, HE
D EFIHE D SOSHEEEE B ORI AS 2.3 X107 /min FLET
FIRIL T3 LT, F—METIX 222 0m DIFH 23
% 2 OB EEE B KR E L, 21 uW/em® T 34X
107%/min IZFEL T\ %, 21 uW/em?® TR SIGHEE D [A)
E2E L T 228, BEE N — OHEIPHTJOEMNTE T
B, WELREAEIIEAR S N o T,



0.004

0.0035
0.003 +
0.0025 *
0.002 r +
t4

~1

0.0015

0.001 @

Reaction Rate Constant / min

0.0005

0 5 10 15 20 25
Radiation Illuminance (222 nm) / #W/cm?

Fig. 3 Correlation between the illuminance and the reaction
rate constant of the formaldehyde decomposition reaction
when 222 nm far-UV is irradiated on anatase-type TiO, coated
on a 150 X 260 mm glass plate in a 45 L airtight container. The
points indicated by B symbols show the results of intermittent
irradiation to control the illuminance. Although the reaction
rate appears to have begun to slow down at 21 yW/cm? there
was no clear saturation trend.
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Fig. 4 'The reaction rate constant of formaldehyde decomposition when ZrO, coated on a 150 X 260 mm glass plate in a 45 L
sealed container was irradiated with 222 nm far-UV at 21 gW/cm?, 254 nm UV-C at 41 yW/cm? of 254 nm UV-C, and 2370
Ix of 450 nm peak visible light. Furthermore, the reaction rate constants for the formaldehyde decomposition reaction were
compared under dark conditions (with the sample plate inserted but not irradiated), blank conditions (no irradiation without
the sample plate), and conditions where the sample plate was irradiated with 222 nm far-UV at 21 yW/cm? with nano-
diamonds, ZrO, abrasives, anatase-type TiO,, and also anatase-type TiO2 was irradiated at 200 uW/cm? with 365 nm UV-A.
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