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TABLE A.8 Total, Normal (n) or Hemispherical (h) Emissivity of Selected Surfaces

Metallic Solids and Their Oxides®

Emissivity, €, or €, at Various Temperatures (K)

Description/Composition 100 200 300 400 600 800 1000 1200 1500 2000 2500
Aluminum
Highly polished, film (h) 0.02 0.03 0.04 0.05 0.06
Foil, bright (h) 0.06 0.06 0.07
Anodized (h) 0.82 0.76
Chromium
Polished or plated (n) 0.05 0.07 0.10 0.12 0.14
Copper
Highly polished (h) 0.03 0.03 0.04 0.04 0.04
Stably oxidized (h) 0.50 0.58 0.80
Gold
Highly polished or film (h) 0.01 0.02 0.03 0.03 -0.04 0.05 0.06
Foil, bright (h) 0.06 0.07 0.07
Molybdenum
Polished (h) 0.06 0.08 0.10 0.12 0.15 0.21 0.26
Shot-blasted, rough (h) 0.25 0.28 0.31 0.35 0.42
Stably oxidized (h) 0.80 0.82
Nickel
Polished (h) 0.09 0.11 0.14 0.17
Stably oxidized (h) 0.40 0.49 0.57
Platinum
Polished (h) 0.10 0.13 0.15 0.18
Silver
Polished (h) 0.02 0.02 0.03 0.05 0.08
Stainless steels
Typical, polished (n) 0.17 0.17 0.19 0.23 0.30
Typical, cleaned (n) 0.22 0.22 0.24 0.28 0.35
Typical, lightly oxidized (n) 0.33 0.40
Typical, highly oxidized (n) 0.67 0.70 0.76
AISI 347, stably oxidized (n) 0.87 0.88 0.89 0.90
Tantalum
Polished (h) 0.11 0.17 0.23 0.28
Tungsten
(h) 0.10 0.13 0.18 0.25 0.29
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(a) S\ =3k
AR ~RAL D
--- Planck distribution for heat transfer
--- order of surface microstructure

(b) #ERE T HHZR
< ViR LHEIE YA 7 VR - ED
--- transient radiation phenomena
--- real-time in-process surface diagnosis

(c) Bit &
B+ T RIS E
--- absorption and emission of radiation
--- hemispherical reflection by surface microstructure



incidence A 65 meas. A

L\( Run<Ryu = 1-4,)
hemispherical = - &y
rou

N NH

« Kirchhoff's |aw

em/ttance and absorptance
fN(/z):AN(/‘l) ..

- Energy balance
incidence, refl/ectance and absorptance

- from Eqs. (1) and (2)

em/tfance and reflectance
EN(A)+ RNy (A)=1 ...(3)
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wavelength 0.30 - 11 um at 93 points
cycle time . 2s
spectra ; reflection, emission A NN €N

oplics, Sensors: 4 gratings, 7 motors, 99 detectors
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tungusten-halogen lamp
SizNy light source
rotationary concave mirror
shutter disk

specimen

K-thermocouple

heater

concave mirror
rotationary plane mirror
chopper

. entrance slit

. filter disk

. rotationary plane mirror 1
. rotationary plane mirror 2
. collimator

. diffraction grating

. camera mirror

. 35-Si photodiode array

. 16-Ge photodiode array

. 32-InSh

photovoltaic array

. 16-HgCdTe

photoconductive array



wavelength region um | 0.30 1.1 1.8 55 11
light source tungsten-halogen lamp silicon nitride light source
diffraction grating
blaze wavelength um 0.80 1.25 3.20 6.79
number of grooves  /mm 200 150 41 12
higher-order light cut-filter
cut-on wavelength  um 0.30 0.57 0.90 1.7 3.3 55
detector element array (Si) (Ge) (InSh) (HgCdTe)
silicon germanium | InSb photo- HgCdTe photo-
element photodiode photodiode voltaic conductive
detector detector
element size mm W0.9XH4.4 | W0.8XH1.0 | W1.0XH1.0 W1.0XH1.0
element spacing mm 0.1 0.2 0.25 0.3
number of elements 35 16 32 16
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high temperature oxidation of a mefal surface
microstructure fabrication processes for [C MEKS, ...

clean optically oxidized
smooth surface rough surface

-

high-temperature
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\ film thickness
temperature
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diffraction
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incidence A 65 meas. A

L\( Run<Ryu = 1-4,)
hemispherical = - &y
rou

N NH

« Kirchhoff's |aw

em/ttance and absorptance
fN(/z):AN(/‘l) ..

- Energy balance
incidence, refl/ectance and absorptance

- from Eqs. (1) and (2)

em/tfance and reflectance
EN(A)+ RNy (A)=1 ...(3)



. R OCR High-speed
__@_ .5.\‘@ — I ﬁpicﬂg—
L I photometer
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tungusten-halogen |amp
SisNg light source
paraboloidal mirror 1
paraboloidal mirror 2
specimen

heater

Ryn optics

(reciprocity relation)
Run=FRnu









simultaneous measurement of spectra of
reflectance Ay and emittance &






small reference blackbody
for measuring &

- diameter & length: #20 mm>X50 mm
. diaphragm: &10 mm
- material: SUS304
- sheath heater: &1 mm
... 3 circuits: base, body & neck

« thermocouple: K #0. 1 mm
.. at base, body & neck

- cal ibration temperauters:

1000, 1050 and 1100 K
- apparent emittance: (. 99




PRPRRPRRPRRPRRPRLRRRR
©O~NOUAWNEO

)
I

©CONOOORWNE

tungusten-halogen lamp
SizNg4 light source
paraboloidal mirror 1
paraboloidal mirror 2
specimen

heater

. cam mechanics
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. filter disk
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. collimator
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