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Abstract

Abstract

With the rise of nanotechnology, the science and technology enter into a new
filed. Since nanomaterials exhibit many unique physical and chemical properties in
the nanometer scale, such nanomaterials and their applications become the most
abundant and active scientific research fields. Titanium dioxide (TiO,) nanotube
arrays fabricated by electrochemical anodic oxidation belong Wide Bandgap N-type
semiconductor, which have stable chemical properties and are widely used in
photocatalysis, solar cells, and energy, biological and environmental protection and
other fields due to its non-toxic, self-cleaning, and high catalytic activity. Currently,
the application and research of nanostructure TiO, materials are mainly focused on the
visible to ultraviolet range, yet to see the report in its application of the infrared light
range. TiO, nanotube arrays directional ordered arrangement, which have a large
specific surface area and the carrier directional transmission characteristics and other
characteristics, so that it is suitable for manufacturing infrared emission source that is
based on resistive heating effect. Black TiO, nanotube array not only has the effect of
blackbody radiation, and also has a large radiation surface area, which can
significantly increase the intensity of infrared radiation.

This paper mainly focuses on the fabrication of black TiO, nanotubes and its
infrared radiation characteristics. Firstly, the TiO, nanotube arrays are prepared by
electrochemical anodic oxidation. Then blue-black and black TiO, nanotube arrays are
fabricated by modification, and characterization and testing of its morphology and
performance, the results show that black TiO, has a very wide spectral absorption
characteristics. Secondly, the infrared emission characteristics of the different
processes for the preparation of TiO, nanotube arrays are researched. The TiO,
nanotube arrays are measured by using the infrared emissivity measurement system,
and the results show that ordinary TiO, nanotube array in the far-infrared wavelengths
longer than 10 um shows blackbody radiation characteristics (emission rate of 1), and

in 10~12.5 um band emissivity even greater than 1. By contrast, black TiO, nanotube



Abstract

arrays show the greater blackbody radiation characteristics than ordinary TiO2
nanotubes and its wavelength range coverage to the far infrared band (>5 um),
especially in 5~12.5 um band the emissivity is greater than 1, which achieve the
ultra-far infrared radiation characteristics. Finally, based on the use of Kirchhoff's
laws, the narrowband infrared radiation TiO, nanotube structure is studied
theoretically with the difference time-domain. The results show that the surface of the
composite structure of the TiO, nanotubes covered with gold ring can inspire a metal
surface plasmon polaritons, so that it can realize the dual narrowband emission
characteristics and peak wavelength range in 1.5 um and 3.5 um, the half-peak width
of about 0.3 um. And the narrowband peak occur blue shift phenomenon with the

increase of period of the nanotube.

Keyword: Black titanium dioxide ; Infrared radiation; Narrowband
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