©
2020 2022

Photocatalytic activity of titanium oxide nanoparticles treated by heat-assisted
atmospheric pressure oxygen plasma

KAWAKAMI, Retsuo
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Titanium oxide nanoparticles are expected to be used not only as an
environmental purification material but also as a renewable energy material. Our study clarified
that the thermally assisted atmospheric pressure oxygen plasma treatment proposed by the authors
greatly improves the photocatalytic activity under ultraviolet irradiation and visible light
irradiation as compared to electric furnace treatment, regardless of the crystallinity. In addition,

the photoexcited electrical conductivity, X-ray analysis and photoluminescence analysis revealed
the mechanism of photocatalytic activity enhancement. The dominant factor found is the charge
separation effect due to upward band bending at the surface, which is a band structure change on the
surface promoted by large amounts of introduced oxygen vacancies and adsorbed oxygen species.



3.2¢eV 388nm

O,
OH
(1] ST-01
2
10°
Q) ST-01
X
) /
P-25 Degussa
X
3 3.0 eV, 415 nm
Pt-doped rutile TiO2, MPT-623,
LED
4)
LED
TiO2
(1]
100 kPa Oz 2
2mm
1mm 50
mm 25kHz (03 ( 99.9 vol%)
15 mL/min
1.5 kv 100 mA 8w
10mm ST-01, P-25, MPT-623
60 Pa RF Vmax = 200 V
10 100 mL, 2.5x10% mass ppm
24
300 °C 1
Bacillus subtilis ATCC6633
365 nm LED 405 nm LED
LED X XPS
X XRD SEM AFM

LCR



(a) Increased optical (b) Increased charge (c) Increased charge (d) ROS from bridging and

absorption separation transfer terminal oxygen groups
w Increased depletion
layer I\m‘]r uv
Plasmon-excited
o € electrons
o,
uv =te B
Z‘ ; ' """" E  17777TTTTEre T Eg
2k JW TiO:
Increased
UV absorption \
o)
o,
’ % og~Ev Ey
Scattering of h*
more UV photons
* Size reduction of TiO, NP +Large amounts of bridging « Ti-rich surface portions * ROS from bridging and terminal
agglomerates and terminal oxygen groups (Lattice oxygen deficiency)  oxygen groups

e Larger (112)/(101) plane
intensity ratio

%,
‘llf?“l!ﬁ?

Wiy

A L [

5 ”n ,,'4r

— (112) (101)

oTi

.0 Rougher surface

Fig. 1. Proposed photocatalytic activity enhancement of anatase TiO; nanoparticles annealed

with the assistance of O, plasma[1].
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Fig. 2. The log numbers of bacterial
survival  for untreated, plasma-
assisted-annedled, and 700 °C air-
annealed P-25 nanoparticles under
405 nm LED irradiation [2].
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Fig. 4. Remote bactericidal effects
of glasswool ~ without TiO> NPs
pristine TiO2 NPs, air-annealed TiO;
NPs, and plasma-assisted-annealed
TiO2 NPs in the presence  open
bars andabsence shaded bars

of UV irradiation. The symbol, **,
corresponds to a P value < 0.01, as
estimated by the Tukey-Kramer test.
The abbreviation, n. s., signifies no
significant differences, as estimated
by the same test.
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