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The Spectral Emissivity of Steels Heated in Oxidizing Atmospheres

Synopsis :

Takao Y AMAGUCHI and Kiyohiko FuJITA

The spectral emissivity €. 1) is required when thermal radiation pyrometers are used to determine the
true temperature of a subject. If the surfaces of steels are heated in air, the values of e, 1) changes in
dependence on the oxidized condition of the surfaces. However, oxidizing conditions have not been exactly
controlled in studies on the spectral emissivity of oxidized surfaces of steels. So, reported values of
&, 1) are rather unreliable and sometimes unavailable.

In the present study, the values of &( ) on the surfaces of commercial steels, that is, JIS S09CK,
SUS430, SUS304, and SKH3, which were heated in controlled atmospheres of different oxygen partial
pressures, were measured at temperatures from 1 000°C to 1300°C and in the wavelength region from 0.34
to 0.94 um.

Experimental results were examined by the equation concerning to free electrons and the lattice vibration

and constants which are used to calculate the values of &, ) were determined.

Key words : measurement;
pyrometry ; color temperature.
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Table 1. Chemical composition of the specimens (wt% ).

Specimen C Si Mn P S Cr Ni W \Y% Co Al
S09CK 0.12 0.28 0.58 — — — — — — — 0.024
SUS430 0.03 0.42 0.49 0.025 0.004 16.00 — — — — 0.020
SUS304 0.04 0.42 1.82 — — 19.23 9.24 — — — —

SKH3 0.78 0.31 0.28 — - 3.99 0.22 17.74 0.92 4.76 —
Optical
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Fig. 2.

Schematic diagram of experimental apparatus.
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Fig. 3. Oxygen partial pressure Pp, as a function
of temperature T.
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Fig. 4. Spectral emissivity of oxidized surfaces of

steels at a wavelength Ag = 0.65 pm.

a) 1000°C b) 1300°C

Photo. 1. SEM images of the specimen S09CK.
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Table 2. Spectral emissivity of oxidized surfaces of steels.
Temperature Wavelength (um)
Specimen C)
0.4 0.5 0.6 0.65 0.7 0.8 0.9
1000 0.81¢ 0.83; 0.844 0.85¢ 0.855 0.863 0.87
S09CK 1100 0.823 0.83g 0.85; 0.85¢ 0.86; 0.87p 0.877
1200 0.829 0.845 0.857 0.862 0.86g 0.877 0.884
1 300 0.835 0.85¢ 0.863 0.869 0.874 0.883 0.89
1000 0.824 0.84; 0.85g 0.864 0.869 0.879 0.887
SUS430 1100 0.829 0.847 0.863 0.869 0.874 0.885 0.893
1200 0.834 0.854 0.863 0.875 0.88; 0.89,; 0.899
1 300 0.84¢ 0.85¢ 0.874 0.88p 0.885 0.895 0.904
1000 0.82; 0.844 0.862 0.869 0.87s 0.88¢ 0.895
SUS304 1100 0.825 0.84; 0.865 0.872 0.87g 0.89 0.89
1200 0.827 0.85¢ 0.86g 0.875 0.88; 0.89 0.90,
1300 0.83; 0.853 0.87; 0.87g 0.884 0.89% 0.90¢
1000 0.844 0.85¢ 0.867 0.87, 0.87s 0.883 0.889
SKH3 1100 0.84¢ 0.862 0.873 0.87g 0.88 0.89% 0.89%
1200 0.857 0.869 0.88 0.884 0.889 0.897 0.904
1300 0.863 0.875 0.88¢ 0.89; 0.895 0.902 0.909
0,95 S—
e
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:: 0,80 |- calculated from reflectance datal®) :_: CezOs
@ (room temperature) r2%3
3:‘. _——— 5102
0 —
t;)-f _/‘/
0.75 - /_/
~ — T=1200°C . o
Fig. 5. Spectral emissivity of
0.70 L L 1 L L 1 oxidized surfaces of steels as a
0.4 0.5 0.6 0.7 0.8 0.9 1.0 function of wavelength at temper-
Wavelength X [um] ature 1 200°C.

— 153 —



1740 8 & S 476 £ (1990) £10 5

ELAOHME LT um 2HVEOTER a DB
fiid um ™!, LKL TH S, O L) ICKEN
B L TV BEA, a °1E, T4 b bRETEOERKSF
PR —EOEBHEOBA L &E LY, Lichis THRR
Bb—HOSEHE IFICEHREL VKRS 2S5, 44
FLCBIRT B4R TH D a/b DIREKRFIE X S OIRE
BTz & A D LT S09CK, SUS430, SUS304,
SKH3 @ a/b iz 1 EH 0.13;, 0.16;, 0.18,, 0.11,
um ! THo 72 a/b A —FKE WV 0.18um ' D
SUS304 & —F/ S 0.110pum ™' @ SKH3 # FH S
WEBICMHEHL CwE _miRETO Zo0ENER
0.49 um-0.63 um (2 BT % fHEETHET S E T=
1000°C T 994°C & 996°C, T=1300°C Tk 1291°C
L1205 C EFNFEZIALCLALRKEL RV, Inb
DEIZ D W TARRFFER R & EIRE T & 2 3CikiE R 7
57 wvas, Fig. 5 i2fiFEd L 72 Samsonov!® (2 L A EE1L
DEIRTOFNEEL» S/ L5 bR ROE L 1
Behe, IhfibEmTcZo LHlERIENRLR SR
ETeqr DHMNERRLLSDOD, Fey03 &1
Cry0s, SiOy, @ e, ) PEPKREL LY, POWRES
BHIETHAD T L EARROFIEIN L THETLES
L BBIEEFOENKERMBEERY, EEAEDLIET
HHEVIREREFAL L) ZENERL TS, T2
Fe,03, Cry05, SiOp O e, 1 D% H/NFETH
WTEMPLTKDZZEZ S, a/bDEIRZFNREH 0.17,
0.03, 0.06um™ ' & % b, Fey03 O % N X AW D
SUS430, SUS304 nfis &b d>TE L —F L7/ ZL
T Cry0;, SiOy ® a/b 3IKEBKDME (a/b=0pm 1)
ATVl & 72 » /2.

STEBEOF SR L HEE T % &8y % Hacen-
Rusens'® R B EF1I90 oykop S8 S A TTHIBIC BT
LB RO R I T NCREKFEIBE L 2D, K
MECIN*Z03I IFERTHI L3 TELR Y. FAT
HEBESROSRSFRICHET 2 KE 2, KHERE
MR OSBRSS HHE A ICREETFOmEE MR 72—
e 2R LIFZE R L D RO —HOH % Bl L TEE
L7288 52072 ot s Tnsb, LarL s
NHEBTRTEBEICOVTOLDTH N EHED LD
WSS R O R AERIL L 2RI oW T o b Didid L
AERM S vy, Liepvann®® (325 E 2 MY
¥ 25 EEEFOSHESIKETREOSHS EET
LIEDLEWURBEBNTWE, R THEEREHIE 2
(=n—ik) 2&FIRE) L HHEFOEHOMTEE L
HEEZTY FEATHAVDL(2)KDXHITEKS
(N

L AN
n 'B+;Atwﬂﬁmvmm

__4zN*e? 5 1
m* T Q2zC/N'—i27xC/ T
72720 BREZOWFEETL, AT jEE i
DIEF, A ZIRB DM S, A BB E, A, 3Rk
B, 3% I HOBHET, v 3EAKH, e dE 1D
B, m® BETOFWER, N* ZHMEEROFR)
BYH, CREZEFONLETHS.
(2)RABOE 2 Hr M FIRB) D% 512 X 55504150 T
H, EIHEIEHHETFOHESTH%. Drue O
METFVIREIHENDAT, LErdbl=1,L72bDTH
A, 1=2 FTEALT Drube DIEIEEF N EFIENT
WHRA® bH 5. Fig 5 IRLAEMEEE»S DD S
EBY, g BIOERTIRERCHEML TS
DT2)RDOFHRICBNT j=1, I=1 L HHHEHR
WL, SFEOSUOBEERERK L, IR TE
HM4nL(3), (4)X%z25.
A[1—(A/ )]
(1= A/ AP+ (A/ A (A / A

_4zN*e’ i A’

E]En2—‘k2=B+

m* . A2+47[2C2Tf ........... (3)
o= onk = A AN/
2 [1 _(/\1//\)2]2+(Al/AV])z(Al/A)Z
% 52 /13 1/2 |
+ 4”N € t 7TC ................ ( 4 )

m* AX+H472CH
cn(3), (4)Xd A, A, Ay, N*, m™, 506
DT A — 7 —PEBRRERE L KT L) ITRES R
2T S v,
WROEDOBEMBEIRFARDO X I L HICHHEFD
SHESERLTEY, JHEEHS 58 o %
*EfwmrOBERGEFLHES T CHEE LK EFEL
Thhb BRT A= —OBIL RPN DORE
BRESTHANPS, ZITETF N, m* K22V TEHE
FORWEEEIRAL, S5 q K2V THEFLE
UHET, EEEEIZ SamsonovZ® (2 X % FeO O
1300°C DfEZMMMEE L, M08 5 2 —F—i2D
Wb, e PDHEIEMELETERICEZE LTURL,
CHICESCEERMNGC, chE e LTHY,
A S, 7Ly P XD EEBOE
BRER I RBET 585 A =% — Ay, A1, An (AW An
ELTKRD), 6 xRELEZ. ZORRE e O
FMEOKE S BFIC o IKKFERLOPRL, eqm
D AKTHRIR, Tabb a/bilBBTHDE A,
A, AM/Ay THo 7tz ARROEEE T o/b DIRE

— 154 —



FEAL B SIS 3V TNk L 7= SRS 8 o 75 ST =R 1741

Table 3. Value of the constants in egs. (3)~(5).

A /A n=ertAls)
Specimen A 1/ Ar1
P Lol (um) " a(x1072 ¢y | B(x1071 5)
S09CK 2.67 0.4 0.96 —1.7943 2.4124
SUS430 | 2.34 0.4 0.85 —1.5678 2.1296
SUS304 | 2.33 0.4 0.79 —0.98690 1.3804
SKH3 2.19 0.4 0.96 —1.6903 2.3071
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