#3645 H1 2 B X @ L E Vol. 36 No. 1
202342 H CHINA SURFACE ENGINEERING Feb. 2023

doi: 10. 11933 /j. issn. 1007—9289. 20220419001

80 S R AR T TIO, HARAYIE 18

o= fEE D waEED? Jam
x| # Rk B !
(L yEEREEARRR % Jbat 100084;
20 WERAEFEARSBE bt 100084)

WHE. RIHEW WOGX B TR 0% — B AR (TiOy) Ptk RetF i 2 )5 1) o KA kB0 (PLD) 4 TiO,
W, I S0E S A B 1) TR T TiO, 2R 1 A8 AL R BE T G TR PR e o 45 T, 75 LA Sl R AR FE 8 R AL
B (YSZ) AtefIiisy, A TiO, wifR A s BEREOU I M I BARA A o AEAIR BEB R, BUERA AHIY XRD AT g8ns,
B . HTE 600 CF AN 350 nm & 1) TiO, WA T U PE RN, AU 22000 86%. STAE S EE—7E 4% H, 4
FHETIE A, RILEHUE R T FIZ 2, 97%. @it XPS. UV-Visible Al PL IR, R I TiO, 2 b i 5 # b B 5 £ He 2 1H
JERCE Z (WAF AT, 1E TiO, s R S B B ALk IR g, 300 ny WO X RO v Re kg g, AR A &P ke . wid
SO U AR EAR R BB i, FTATIT TiO, WM G EAL DU B PERE R BT B ML . 3K a7 2 IR TR TiO, JGMRBeif 752 m]
FUBAACTRBERAR AT 1%

FHEIR: BKMEOEUTR: TiO, Wil P BRI SRR

PESES: TB34

Antibacterial Properties of TiO; Film Improved by Hydrogen
Reduction Heat Treatment

ZHAO Yun"? HE Weiwei' XU Jianbing"? SU Hongyang"*
LIU Peng' LE Huirong' CHEN Di'
(1. The Future Laboratory, Tsinghua University, Beijing 100084, China;
2. Academy of Art & Design, Tsinghua University, Beijing 100084, China)

Abstract: Titanium dioxide (TiO,) has good photocatalytic activity and can degrade environmental pollutants by oxidation. It has
been used in photocatalysis, on antibacterial, antifouling and self-cleaning surfaces, and ultraviolet (UV) detectors. However, it
predominantly absorbs UV light and has low absorption of visible light. Improving antibacterial efficiency in the visible light region
has consistently been a key research direction for TiO, antibacterial properties. Currently, to improve TiO, photocatalytic efficiency
under visible light, multiple schemes have been proposed, such as metal or non-metal doping, and laser surface or vacuum heat
treatment. These methods introduce point defects in the TiO, lattice, and narrow the band gap by changing the semiconductor energy
band and introducing impurities or defect energy levels in the band gap, thus enhancing visible light absorption. To better understand
the TiO, antibacterial mechanism, it is necessary to accurately control its morphology, composition, and crystal structure. Thin film
materials adequately meet these requirements. Recently, pulsed laser deposition (PLD) has become a widely adopted film deposition
technology owing to its simple system setup, wide range of deposition conditions, material selection and ability to prepare

high-quality repeatable films. In this study, TiO, thin films are prepared using PLD, and the oxygen vacancy concentration on the

* ERE ST (2021YFA0718900) s Lli-i 407 240 &5 1R B [ @B £ 08 6 (2020THFS0122). [ A AR #3E4: (NSCF52102137) Flji
P e 5 K A0 T 2 B T S S TR (KF202101) BRI H
Fund: Supported by National Key Research and Development Program of China (2021YFA0718900), Special Fund for Collaborative Innovation of
Foshan-Tsinghua Industry University Research Cooperation (2020THFS0122), National Natural Science Foundation of China (NSCF52102137), and Open
Project of State Key Laboratory of New Ceramics & Fine Processing (KF202101).
20220419 W EIHIHG, 20220920 W F 5 ok



78 b Em kR W L B 2023 4F

TiO, surface is increased by hydrogen reduction heat treatment to enhance its antibacterial properties. Results demonstrate that the
TiO, films grown on a single crystal yttria stabilized zirconia (YSZ) substrate are the highly preferred anatase phase, and the higher
the growth temperature, the stronger the X-ray diffraction (XRD) peak of the anatase phase and the denser the film. The antibacterial
properties of 350 nm thick TiO, film grown at 600 ‘C were measured and it was identified that the antibacterial rate is approximately
86%. The sample was further reduced in a 4% H, atmosphere, and it was confirmed that the antibacterial rate increased to
approximately 97%. Test results demonstrate that through X-ray photoelectron spectroscopy (XPS), a UV-visible spectrophotometer
(UV-visible) and a laser Raman spectrometer (PL), additional oxygen vacancies formed on the TiO, surface after reduction heat
treatment, and oxygen vacancy defect energy levels formed in the TiO, band gap. This resulted in enhanced light absorption in the
visible region and higher antibacterial performance. The material defect is controlled by the hydrogen reduction process, and the TiO,
thin film photocatalytic antibacterial property and antibacterial mechanism were studied. This straightforward method for regulating
TiO, light absorption provides technical feasibility for scale growth.

Keywords: pulsed laser deposition; TiO, thin film; antibacterial; reduction heat treatment; light absorption efficiency
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Fig. 1 Schematic diagram of pulsed laser deposition device with automatic laser energy

calibrator and reduction heat treatment device
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