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Abstract: TiO2 is a semiconductor material with excellent
photoelectrochemical properties that can provide photocathodic
protection for metals. However, TiO2 can only absorb ultraviolet
(UV) light at wavelengths of < 380 nm because of its wide band | v

TiO, MoO; ZnSe

;

Q,
39

h
gap. In addition, photo-induced electron-hole pairs in the TiO2 § e
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semiconductor easily recombine, which leads to a low | ‘i O
photoelectric conversion efficiency. Another shortcoming is that ’ FC L
pure TiO2 semiconductors cannot sustain photocathodic “eifle

protection in the dark, which may limit their practical applications CHSNMeCYTIC: el
to provide photocathodic protection. To address these

shortcomings, various modification methods have been established by preparing TiO2 composite materials to improve their
photoelectrochemical properties. In this study, a ZnSe- and MoOs-modified TiO2 nanotube composite film with charge
storage ability was prepared to enhance its photocathodic protection effect on stainless steel. A TiO2 nanotube array film
was prepared on a Ti foil via anodic oxidation and then MoOs and ZnSe particles were deposited onto the film by cyclic
voltammetry and pulse electrodeposition, respectively, to afford a ZnSe/MoOs/TiO2 nanotube composite film having a
cascade band structure. Scanning electron microscopy observations showed that the TiO2 film consisted of ordered
nanotubes with an average inner diameter of approximately 100 nm and wall thickness of approximately 15 nm. This
nanotube structure remained intact after MoOs and ZnSe particle deposition on the film. Energy dispersive spectroscopy,
X-ray diffraction, and X-ray photoelectron spectroscopy analyses indicated that the prepared nanotube composite film was
composed of ZnSe, MoOs, and TiO2. The UV-Vis absorption and photoluminescence spectra showed that the
photoresponse of the composite film was extended to the visible light region and the photo-induced electron-hole pair
recombination was reduced. Photoelectrochemical and electrochemical measurements indicated that the photocurrent
intensity of the composite film in a 0.5 mol-L~" KOH solution was two-fold higher than that of the pure TiOz film. Under white
light illumination, the ZnSe/MoOs3/TiO2 composite film decreased the potential of the coupled 403 stainless steel (403SS)
in a 0.5 mol-L™" NaCl solution by 470 mV (relative to the corrosion potential), demonstrating an effective photocathodic
protection effect. It should be noted that the composite film exhibited a charge storage capability and could continuously
provide cathodic protection for 22.5 h after illumination was stopped. In addition, electrochemical impedance spectroscopy
results indicated that the composite film significantly decreased the charge transfer resistance of the coupled 403SS,
highlighting the photocathodic protection effect on 430SS.
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B 1 (a) TIO: 4K EE. (b) MoO3/TiO: F(c)ZnSe/MoO3/TiO: B4 EK SEM &, (d) ZnSe/MoO3/TiO: £ & EDS % &
Fig. 1 SEM images of the (a) TiO2 nanotube film, (b) M0oO3/TiO: and (c) ZnSe/MoO3/TiO: composite films;
(d) EDS spectrum of the ZnSe/MoQO3/TiO2 composite film.
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Fig.2 XRD patterns of the (a) TiOz nanotube film,
(b) MoO3/TiO:z and (c¢) ZnSe/MoQ3/TiO2 composite films.
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Fig. 3 XPS spectra of the ZnSe/MoQO3/TiO2 composite film: (a) Ti 2p, (b) Mo 34, (c) O 1s, (d) Zn 2p and (e) Se 3d.
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Fig. 4 UV-Vis absorption spectra of (a) TiO2
nanotube film, (b) MoO3/TiO: and (c) ZnSe/MoO3/TiO:

composite films.
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Fig. 5 PL spectra of the (a) TiO: nanotube film, (b)

MoOs3/TiO: and (c) ZnSe/MoO3/TiO:2 composite films.
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Fig. 6 Transient photocurrent responses of the
(a) TiO2 nanotube film, (b) M0oO3/TiO2 and

(¢) ZnSe/Mo0O3/TiO2 composite films.
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Fig.7 Variations of the potential of 403SS in the 0.5

mol-L™! NaCl solution with time under different conditions.
(a) uncoupled, (b) coupled to the TiO, nanotube film and (c) coupled to the

ZnSe/MoOs/TiO, composite film under intermittent white light illumination.
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