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Nonlinear Phenomena of Spectral Emissivity during the Steel-oxidizing

Takao Y AMAGUCHI, Masaaki Y AMAMURA and Imao NAGASAKA

Synopsis : The authors have made clear that spectral emissivity £(4,, £) of non-oxidized steel at the effective wavelength (4,=0.65 pm) of optical py-

rometer is approximately 0.4 and that the wavelength dependency in visible region is negative. But in case of oxidized surface, above-men-

tioned &(A,, ?) is increased to approximately 0.9 and the wavelength dependency is changed from negative to positive.

When the oxidized film thickness is increasing, it is known that &(A,, #) does not increase monotonously but increase in vibratory curve.

The above-mentioned process is not still made clear yet.

In this paper, the spectral emissivity &(1,, #) and the ratio of emissivity £(4,, £)/&(A,, ?) at the two effective wavelengths (4,, 4,) of two-
color pyrometer are measured during the steel oxidizing. And the vibratory curve should be considered as the light interference phenomenon.

Consequently, taking account of nonlinearity, the dispersion model of light interference phenomenon is proposed and the experimental re-

sults can be explained well by the model.
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Table 1. Chemical compositions of the SO9CK.

Chemical c Si | Mn P s T Al
composition
mass% 0.12 0.28 0.58 | ----- | ----- 0.024
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Fig. 1. Dimensions of specimen (mm).
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Fig. 2. Schematic diagram of experimental apparatus.
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Fig. 3. Oxygen partial pressure P, increasing rate in heat-
ed atmosphere. ’
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Fig. 4. Relation between spectral emissivity and oxygen
partial pressure in heated atmosphere (in case of
zone A, t=1000°C).
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Fig. 5. Relation between spectral emissivity and oxygen
partial pressure in heated atmosphere (in case of
zone B, t=1000°C).
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Fig. 6. Relation between spectral emissivity and oxygen
partial pressure in heated atmosphere (in case of
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Fig. 7. Relation between spectral emissivity and oxygen
partial pressure in heated atmosphere (in case of
zone B, t=1300°C).

K BEhTH3H, EBOXEHERLT 5@ ks
RIZBET BRI v, 72, RSB T 3HRIT
KOFHBRFLELLNREBR TR ENTNEY, L
L, Fig. S ISR L 72 R BHBOEBRERICED 5 5%
{LOVIHAER IR N 5 HHELREEZRE, ZITERMIZE
m3 28HEEH 5 NEZOEREDLETERIEATE I L&A
TEXWV, 22T, FREHEZRL 2O THERRIZIO
WTRRETT 5,

SEEAORIRE ICER{LIEAER L, Z 2K E, BAFHL
FRADEERE x(x,2) & L, KBLRMEN~TEEE
Fig. 8 IZi2 B & & $ IZERMITRT,

ZIZTE, kPE—OREAIFFEIRET B4R E
K5, HFREHIIHEE ¢, 1CBh, BEE o I2EBA
BABDET B, 7L, IFRBHISRILENTOAR N,
Z DEALBED B EEE 13RI R TER T X 3BEIE
WENELT, BXidd=d@ &3 5.

FEEIL

LFREB, ZZIZ, MEE m=1) T ¢=x,6=¢,+477%,,
IEREE (m=2) 1T

En= Y (HEn) =4 D (T | B ["0)
m=2 m=2

&3, £/, 7, 3SHFERZETHS, ZOFREBHEEZ
ERLU-BRHOBEAE L THT, FEKE AT 5 HE
i3,

2
32_E+3_E_ﬁ{4 % 7

ax?  9z2 2 ”UE-FF[(SL-F&‘NL)E]}:O ....... (5)

ThHb, (5)ANDBROEIFE %,

Air
(Medium 0)

dz=>

9

d(z)

Oxidized film
(Medium 1)

d=

Iron 8"
(Medium 2) =~

18

E:Z( T (OE, (o, k)):Z( oA€Y e (6)
m=1 m=1
7
se—>X
Fig. 8. Schematic diagram of incident light on iron
with oxidized film.
- v



EIRET D, 2T, p iBEEE, ¢ 16E, o 3AKE)
¥, Kk ZE#H~s L, o BYIHNHETH S, £/,
m=1 O B & 7=1, y,=0t-kx+ P, m>1D F & y,=
o, -kx Thh, AFHRIZhZThITRAFERNTT,
E;=Ar™, yo=0r—kx+ @, £ 5.

—fREIZIZ, ZORIEALADORBEEBEORELELOND
B, ZZTREREEELE ZOEHABOAMNBEIEEDL
T5, MHEOBARGHAERELT,

kmzmk, @, SMQ) ++evrerrereereeraseasensuosetectesiatinee ( 7)
LRL, RIBLFBRRZELROLS ICHEZRA S,
Angm/AlAgn-l), Zmzszgn—l) ............................ (8)

DEIZ, (4),(6) A% (5)RIZRALT, g, Ic20TE
BEhE, & 7, KOWTHEMIZONKILT 5, Z0H
A, BERIERTEHSH, FIRETITSUSZL%F
ELT, 0,=o/mDETERBERANFELETEEEDLT
L, (5)RDOE 1H (°E/9x°%) » 5 41H (¢, E/df) £T
ERHBEABTHE A, <KDV T, mEBRELESE
FIZOMRILT 5, Thbd, #E m=1) OBEIHEEL
T, {BIBHRE,

w a
k5|k|=—c- UE, :7’1 ....................................... (9)

#8%, 22z, #EXFBELI e=¢,—i(dno/w), 7=,

TR KOREREE ZThTh, n,x & T5L, BFE
rEIL i=n—ik TH 5,

(5) ROFAEE T (EET) »ESFNIC0ICE ST
ZEn5, RODESHOIFGHE RS (9%, E/0P) 1EF
MicoThiIhiEas s kv, ZhiZ2ERBOETEEZ L
30, BROmTHBYBZ L 42EEL T, EFREOK
CERTHE, &KX, IRIE A, BXRED, (5) RD—DD
f#,

E=Ae'" [1 —2 ;'Zm Amei("'_ 1)‘I':| ................................ (10)

m=2

8%, 22T, VIR LT X512, ¢,=y(0)=—kx,
0= Vo(0)=—Kox, p=9,— ¢, EEE X, &AL,
m—1

A,=B, Y [(mtp=1)' 7, A, 7]

pr-1
Thd, TZIZ,
B,=1 2[("’"?‘1)2]2,,, L=n=lL A=A
=2

ThH0, BB3mEpD2BERETH B4, BZAFEmTR
%55, &k, A, IRITE, BERGEEZTIOICE

19

SEPP O BALBIRIZ 51T 3 B RO IR EE)

2B, 72, 7, 3L RBPFERRELINDEDOTIREL,
(8)ARTHAZHLBZERET S,
4.3 IR EERL X EEHSER

Fig. 8 IZ/RT & D12, RFHNCEE (2 A\ ERAD
BB (BE 2) OREIZE & dz) DERLE (BHE 1) A
R EN, ZOBLEREICAS (BHEO) »5FFkK
E, ME% 6, CTHREOICAH LR D LT3, —BREIZE
B3, FALKRE, 3 Ha b 6 HEbDHER (P) 133
L, 2hPRERHE r,, R&AG, RIEEEE,,
B0, TRE L EBBERANOHEIZHEVET. ZDH
A, ThThOBERTEZSIFBEOBSEHRAFICILT
#ZLU, BAENTEEE, REFEVELTLHEHMUTS
5605, 72, YIMHERIRARICHL T, B
BEICHLTR Y e 2hThEkd.

r, & u, FAVT, AFHEE, bIUHERD j KIZHT
LREK E, 2K, (100 REDXRDKSITKE D, 7272
L, OS2I BN, BBIIHFEEL X
VDT, BMOBEXIZOVTRUBEDOERTIIHET
%,

(0]
E,=A, exp i[——no(x sin 6,+z cos 6, )+(DO] ------------- (12)
c

()
E, ,;=A.ry, {exp il:——no(x sin 6,—z cos 6,)+P,, ]} ------- (13)
c

Erj=A0u01u10r12 (oM y™! exp[i(A,;+D,, )]2 [)ZmAmei(j”"”]

m=1

0] . A
A= ——c—[no(x sin 6,—z cos 8,)+2 j(In,—1,ny)]

Th5.

W, BLEXRE (B0 [ x=0,2z=0) IZEH (0,=6,=
0,=0) ISFHPENAFH LD LT, HHa» o HHb
NOBEREDIRIBIEHE r,, 13,

r=Ny+iK,,

_ (i) —(n +K7)
b~ 2
@ (n ) Hmy )

z(na Ky =K, )
(n,+x, Y +(n,+x,)

ab—

LEEL, BILBEOE X #HEREXRL T, d=(w/onl
=2mAdIA L THIE, [=0TH 305, ¢ md=egmnd
[cos(méd)—isin(m&d)] £ F¥ 5., T ZIZ, &=4nn/A,
N=4nx/ATH 3, E5I2, BFROTRHES 5 VNIEET
30 E,; L ASDE E, DIRIBOE , RIBRHAKE=A,/A,
Do I

445 N



T 446

$k &R Tetsu-to-Hagané Vol. 87 (2001) No. 6

MEDZ L %#ZEEL TERT T, ARIRIERGE
r=) £ %85, ZOARIRIBRAIERIC, Zhe e
Brra i, T FILF-KEER=rr*BKD 5
#, Kirchhoff D BEHIZ@EH 4L, XD K512, HK
H#E g4, H=1-R1BBEN 5,

gA, =¢e(d; A, 0
2 2
i Zoa] i a0
m=2 m=2
ZZiZ,

=3 E=( i)~ D Ay tilV;,)]
Jj=1

m=2

— OriFri+Onhi V= —Orifi O
YRR T Rt
_ QRmP Rm+lePIm _ ~OrnBlm +QRmPIm
Wom= 2 2 > TimT 2 2

Pry={1+[(NoiN1, =Ko K1) Cy (N Ko+ Koy N1p) S 1F
Py =[—No\Ni;— Ko Kp)S, +(Ng Ky, + Ko Nyp)CLIF,
Ori1=Ny HIN,L,C+HK LS,

O =Ko +[N,S,—K,C\JF,

Py = {1+[(NoyN 13— K1 K1) Ct (No K 3+ Koy N)S, ) F )
P,=[—NyN\p,— Ky K )5S, + Ny K, + Ko Ny, CLIF,,

Orn=1(1 _Nél +K%)l)(N12Cm+K12Sm)
+2N01KO](_Nl2Sm +K12Cm)]Fm

le:[(l_N81+Kgl)(_N12Sm+K12Cm)
_2N01KOI(N]2Cm+KIZSm)]Fm
F, =exp(—mnd), C,=cos(mé&d), S,=sin(méd)

THb, ¥7-, FFEPHEHIZERLE (BEH1) TOAERS
EDLLDT, A, BERAFNF d=0 5LV d—>eo T,
A,=0 (m=2) &7 L, ERBOAEZEETHIT R, L
=BT, £, % Z=Xn—ixy, & BERE TR T,

m—1
A,=B, Y {(m+p—1) x,,A e "™ sin[(m—p)d]}

p=1

...... (17)

ExB, ZZIZ, (16) RD g, 13FEEH%, -8B, I2H
FNh5 g, 3By, 5L B,
4.4 REHRELHEHROLE

(16) R& D M REZ TN T 584, Sz O
IZERBILE W T hOXEE R n,, ), 0y, K, DIEHPE
Thbd, MEICIEER, BREIZET S n, x DEHIE
KEhd, B SOOCKDILFAMEITIZL A EETH 54,

20

Table 2. Values of the optical constants in Eq. (16).
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