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Recent Development on Materials with Selective Infrared Emission Characteristics for
Advanced Applications
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(1. China Tobacco Zhejiang Industrial company of limited liability, Hangzhou 310024, China;
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Abstract: The emission of electromagnetic wave is a fundamental property of any substance at a temperature higher than 0 K.
However, the capability of thermal radiation is not an immutable property of materials, and the static and dynamic modulations of
thermal emission are realized by different methods in recent years. This review represented the general principles of thermal emission,
and recent work on the static and dynamic modulation of infrared thermal emission by using nanophotonic structures. Besides, the
emerging applications of spectrally modulated selective infrared emitters in fields such as energy were highlighted. In addition, this
review also summarizedthe current problems and outlined the potential future direction in the modulation of infrared emission of
inorganic materials.
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Fig. 1  Monochromatic radiation power of blackbody at
different temperatures in different wavelength bands
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Fig. 2 Figure of mid-wavelength infrared heating tube and spectral emissivity graph of quartz glass tube material

T 1 RRUEGOIMEFHRIEREXTEE

Table 1 Comparison of representative traditional infrared radiation material’s property

Material system Emissivity Working environment
Oxide system (SiO,) 0.68-0.93 Air

Oxide system (Al,03 (powder)) 0.80 Air

Oxide system (LaAlO;) >0.90 Air
Non-oxide system (SiC) 0.83-0.96 Inert atmosphere/vacuum
Non-oxide system (LaBg) 0.90 Inert atmosphere/vacuum
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Fig. 3 Inverse design of selective infrared emitter based on Tamm plasmons: (a) Flow chart of the inverse design process. (b, ¢)

Designed and measured spectral of five-layered and seven-layered films with the resonance peaks that match, respectively,

the peak of gas mixtures of SO,/CO, (b) and CO/formaldehyde (c) in the spectral emissivity curve
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spectral radiant emissivity in different angles of 2 ENZ structure
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Fig. 5 (a)Structure of HPV device. (b)Heat resisting metamaterial based on MgO/BZHO multilayer. (c)Transmission spectrum ,
thermal radiation spectrum and (d)FOM of MgO/BZHO metamaterial
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Fig. 6 (a) Model device for testing radiation cooling. (b) Section’s SEM image and (c) spectral emissivity graph of SiO,/HfO,

multilayer metamaterial. (d) Temperature curve of metamaterial’s radiation cooling experiment
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Fig. 7 (a) Structural diagram, below which are crystalline and amorphous structure and (b)SEM image of the phase-change
metasurface. (c)Measured and (d) simulate curve of the infrared emissivity of the metasurface
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Fig. 8 (a) Working mechanisms for the coating with temperature-adaptive infrared emission; (b) Multi-layer structure of the coating;
(c) Modulation of infrared emission by the VO,-based coating; (d) Structure of the VO, based metasurface with temperature
adaptive infrared emission; (e) Images of the metasurface at different temperatures taken with a infrared camera; (f)
Absorptance and emittance curves of the metasurface recorded at 15 °C and 30 C
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Fig. 9 Fabric with dynamic gating of infrared emission
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Fig. 10 (a) Structural diagram and SEM image of electric modulation metasurface. (b) Reflection spectrum of the metasurface in

different bias voltage
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Table 2 Inorganic materials with selective infrared emission characteristics

Modulation of infrared thermal emission

Selective infrared emission material

Application domain

) Nanoscale adjustment of
Static photon structure

modulation ENZ material

Temperature field
Dynamic

. Humidity Field
modulation

Electric field

W-H{O, multilayer metamaterial
Si0,—SiO-AL O3 and MgO-Ta,0s—TiO, multilayer film
GST(Ge,Sb,Tes). VO,

Fabric with graphene coating

Graphene/dielectric/metal metasurface

Thermophotovoltaic and radiative
cooling

Building heat management

Smart temperature control clothing

electro-optical modulation and
electrochromism
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