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Advanced energy devices based on suppression of thermal radiation in infrared range
at high-temperature operation
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In this research, we try to realize high-performance spectrally selective emitter
at high-temperature by suppressing emission property in infrared range. Main achievements are shown in
followings.
€D Systgmatization of fundamental knowledges on the device controlling thermal radiation spectrum with
considering oxidization of refractory metals. (2) Understanding of degradation mechanism on spectrally
selective property of Ni based superalloys. (3) Detail analysis on high spectrally selective emission
properties of metal-dielectric multilayer structure based on the knowledge from Ni-based superalloys, and
evaluation of the fabricated multilayer structures. (4) Demonstration of high-temperature stability of
the multilayer structures.

Ni




LED

500

3

Ni

Ni

Ni

Ni



W
1(a)
1(b)
Drude
Debye
1000
0.02 @5 um
0.25
(a)
S, 020 v
s
g 0.15
&
8 o1 A 4
E v
0.05 V
0.00
200 400 600 800 1000 1200
Temperature [K]
1.0 T T T T T T T
(b)
0.8} 4
8
8
b=
IS
i

Wavelength [um]

1(a) 2mm

(b)

Materials-oriented Little Thermodynamic
Database (MALT?2)

W Mo
1500 K Mo W
-250
-300
g
g -350
L w
£ — 2Ni+0,=2NiO
a0l Mo+0,=M0oO,
—— W+O,=WO,
500 ! ! ! ! !
400 600 800 1000 1200 1400 1600 1800
Temperature [K]
2 Ni,Mo,W
Ni
3 EDX
Al

3 EDX Al
Al
Ni
Ni
W Mo



Ni

Mo

1-R

RCWA

Mo

102 Pa 1423 K

1.0

0.8

0.6

0.4

0.2

I Hafnium dioxide (HfO,)
=1 Molybdenum (Mo)

0.0 L
0.3 1 5

Wavelength [um]

Ni

Q. C. Zhang, Y. B. Yin, and D. R. Mills,
Solar Energy Materials and Solar Cells,
40 (1996), 43-53.

M. Shimizu et al., Appl. Phys. Lett., 101

(2012), 221901.
H. Sai and H. Yugami, Appl. Phys. Lett.,
85 (2004), 3399.

12
Makoto  Shimizu, Hiroki Akutsu,
Shinichiro Tsuda, Fumitada Iguchi,

Hiroo Yugami, “A High-Temperature
Solar Selective Absorber Based upon
Shallow
Coated by Multi-Layers Using Atomic

Periodic Microstructures
Layer Deposition”, Photonics, ,
vol. 3, 2016, pp. 13_1-11.

DOI: 10.3390/photonics3020013

Asaka Kohiyama, Makoto Shimizu,

Fumitada Iguchi and Hiroo Yugami,
“Low-directivity quasi-monochromatic
thermal radiation from microcavities
covered by thin metal film”, Proc. ASME.
49651, , Vol. 1, 2016, pp.
V001T05A013.

DOI: 10.1115/MNHMT2016-6683

Makoto Shimizu, Asaka Kohiyama,

Fumitada Iguchi and Hiroo Yugami,
“Spectral Control of Thermal Radiation
Using Metal-Dielectric Multilayers for
High-Temperature Usage Over 1000°C”,
Proc. ASME. 49651, , Vol. 1, 2016,
pp. VOO1T05A016.

DOI: 10.1115/MNHMT2016-6699

Hiroo Asaka
Makoto Shimizu, Fumitada Iguchi, “A

Yugamai, Kohiyama,

Solar  Thermophotovoltaic ~ System
Using Spectrally Controlled Monolithic
Planar Thermal
Proc. ASME. 49651,
pp. VOO1T05A014.
DOI: 10.1115/MNHMT2016-6692

Asaka Makoto Shimizu,

Emitter/Absorber”,
,Vol. 1, 2016,

Kohiyama,

Fumitada Iguchi, and Hiroo Yugami,
“Narrowband thermal radiation from

closed-end microcavities”, Journal of



Applied Physics, , vol. 118, No.
13, 2015, pp. 133102_1-5.

DOI: 10.1063/1.4931375

Makoto Shimizu, T. Yamada, K. Sasaki,

A. Takada, H. Nomura, F. Iguchi, and H.

Yugami, “Anisotropic multi-step etching
for large-area fabrication of surface
microstructures on stainless steel to
control thermal radiation”, Science and
Technology of Advanced Materials,
, vol. 16, 2015, pp. 025001_1-5.

DOI: 10.1088/1468-6996/16/2/025001
Makoto Shimizu, Asaka Kohiyama, and

Hiroo Yugami, "High-efficiency solar
thermophotovoltaic system equipped a
monolithic planar spectrally selective
absorber/emitter", Journal of Photonics
for Energy, , vol. 5, 2015, pp.
053099_1-9.

DOI: 10.1117/JPE.5.053099

Asaka Kohiyama, Hiroaki Kobayashi,

Makoto Shimizu, Fumitada Iguchi,

Hiroo Yugami, “Spectrally Controlled
Thermal Radiation Based on Surface
Microstructures for High-Efficiency
Solar Thermophotovoltaic  System”,
Energy procedia, , vol. 57, 2014,
pp. 517-523.
DOI:10.1016/j.egypro.2014.10.205

Makoto Shimizu, Kiyotaka Konno,

Hiroaki Kobayashi, Fumitada Iguchi,
Hiroo  Yugami, “High-temperature
photonics using self-organization of
superalloys for solar selective
absorbers”, Energy procedia, ,
vol. 57, 2014, pp. 411-417.

DOI: 10.1016/j.egypro.2014.10.194

Makoto  Shimizu, Mari  Suzuki,

Fumitada Iguchi, Hiroo Yugami,

“High-temperature  solar  selective

absorbers using transparent conductive
oxide coated metal, Energy procedia,
,vol. 57, 2014, pp. 418-426.
DOI:10.1016/j.egypro.2014.10.195
Asaka Kohiyama, Makoto Shimizu,

Hiroaki Kobayashi, Fumitada Iguchi,
and Hiroo Yugami, High-Efficiency
Thermophotovoltaic System By
Quasi-Monochromatic Thermal
Radiation”, Proc. of ASME 2014 8th
International Conference on Energy
Sustainability & 12th Fuel Cell Science,
,vol. 1, 2014, pp. VOO1T09A001.

DOI: 10.1115/ES2014-6743

Makoto Shimizu, Asaka Kohiyama and

Hiroo Yugami, "10% efficiency solar
thermophotovoltaic  systems  using
spectrally controlled monolithic planar
absorber/emitters", Proc. of SPIE,

, vol. 9140, 2014, pp. 91400P.
DOI: 10.1117/12.2057315
DOI: 10.3390/photonics3020013

12
Makoto Shimizu, Asaka Kohiyama,

Fumitada Iguchi and Hiroo Yugami,
Spectral Control of Thermal Radiation
Using Metal-Dielectric Multilayers for
High-Temperature Usage Over 1000°C,
ASME 2016 5th Micro/Nanoscale Heat &
Mass Transfer International Conference,
Biopolis, Singapore, January 4-6, 2016

Hiroo Yugami, Asaka Kohiyama,

Makoto Shimizu and Fumitada Iguchi,

“A Solar Thermophotovoltaic System
Using Spectrally Controlled Monolithic
Planar Thermal Emitter/Absorber”,
ASME 2016 5th Micro/Nanoscale Heat &
Mass Transfer International Conference,
Biopolis, Singapore, January 4-6, 2016

Asaka Kohiyama, Makoto Shimizu,




Fumitada Iguchi and Hiroo Yugami,
Low-directivity = quasi-monochromatic
thermal radiation from microcavities
covered by thin metal film, ASME 2016
5th  Micro/Nanoscale Heat & Mass
Transfer International Conference,

Biopolis, Singapore, January 4-6, 2016

76

2015 9 15

62

2015 3 11
Makoto Shimizu, Asaka Kohiyama,

Fumitada Iguch and Hiroo Yugami,
"High-temperature photonics for
effective solar-thermophotovoltaic
systems", WCPEC-6, Kyoto
International Conference Center, Kyoto,
Nov. 25, 2014.

Makoto Shimizu, Asaka Kohiyama,

Fumitada Iguch and Hiroo Yugami,
"Low concentration
solar-thermophotovoltaic system using
high-temperature photonics",
Eurotherm 103, Lyon, France, Oct. 16,
2014.

Makoto Shimizu, Asaka Kohiyama,

Fumitada Iguch and Hiroo Yugami, Low
concentration solar-thermophotovoltaic
systems using monolithic planar
absorber/emitter", 11th World
Conference on Thermophotovoltaic
Generation of Electricity, Amsterdam,

Netherlands, Sep. 25, 2014.

75

2014 9 18
Makoto Shimizu, Asaka Kohiyama,

Fumitada Iguch and Hiroo Yugami,
"HIGH-TEMPERATURE PHOTONICS
FOR ADVANCED SOLAR ENERGY
APPLICATIONS", Grand Renewable
Energy 2014 International Conference,
Tokyo Big Sight, Tokyo, Jul. 29, 2014.

Makoto Shimizu, Asaka Kohiyama,
Hiroaki Kobayashi, Mari Suzuki,

Fumitada Iguchi, and Hiroo Yugami,
"Application of  high-temperature
photonics for solar energy systems", 2nd
International Workshop on Nano-Micro
Thermal Radiation: Energy,

Manufacturing, Materials, and Sensing,

Shanghai, China, Jun. 9, 2014.

2014

o

http://ww._energy.mech.tohoku.ac.jp/

o

Shimizu, Makoto

60706836

@
®



