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The Behavior of Spectral Emissivity of Metal in Oxidation Process

Kazuo HIRAMOTO, Chihiro UEMATSU and Yoichi TAMURA

Synopsis :

The emissivity change caused by oxidation might produce a large error in temperature measurement by a pyrometer in a steel making
process, such as continuous annealing line of cold rolled steel. We measured in detail the change of spectral emissivity of metal samples dur-
ing an oxidation process. It was confirmed that there were two types of emissivity changes caused by the oxidation. One type was the oscilla-
tion, and the other was monotonous increase. In cold rolled steel samples, the former appeared when the Si and Mn concentrations were low,
and the latter appeared when the Si and Mn concentrations were high. These phenomena can be explained by the fact that surface silicon
oxide layer prevented further oxidation. Regarding the relationship between oxide thickness and emissivity change, emissivity oscillated as
the result of the interference at the thin oxide layer on the sample surface.

Because emissivity changes in a very complex way during an oxidation process, it is difficult to compensate the change of emissivity. In
order to solve this problem we employed a multiwavelength pyrometer. This method was effective when emissivity was less than 0.8 and the
oscillation did not occur, We manufactured a pyrometer using four wavelengths, and the accuracy of temperature measurement was +10°C
with the emissivity range from 0.4 to 0.8 in a laboratory experiment. Another method was proposed which could be applied to the oscillation.

Key words: emissivity; oxidation; interference; temperature; pyrometer; continuous annealing line; cold rolled steel, multiwavelength.
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Table 1. Samples for emissivity measurement.

Materials Surface Roughness  Concentration of ~ Concentration of
at RMS (pm) Siticon (%) Manganese (%)
[ron 0.0 trace trace
Titanium(smooth) 0.1 trace trace
Titanium(rough) 0.9 trace trace
Cold Rolled Steel A 03 0.2 029
Cold Rolled Steel B 03 21 0.45
Sample
IR Lamp

Thermocouple
Quartz Window

O Vacuum Gauge

Radiation Flow Gauge
Thermometer , Air
Mirror

Vacuum Pump

Fig. 1. Schematic diagram of IR vacuum furnace.

YYD VEBEORLSEY Y TN, MEAESOmEEILY
o)Ay BFEREZLEDr 5, B & 5 REtREE
BB A L AEBNICFHAT 27209 > 7Licm
Ao YU VREBEGBREL DY Y TAROBEUE TR
Tho8, EREIROB»S ) a vy PN TERE
PIEIFECEDEZFBIRLU A, AL~V HVEEH0.16%
Bk T3,

H U ITINREBILT B LT, EfsM T ok 2
TOBILHAZHAE I L TWE 2010, AP Tldk
BB ESIENMEL , SR TORILA A K22 &
AL, EBRICERL ZRMREZFOBRIEKX % Fig. 1
ICRT, BEESRETHNI1072Pas CEBR TR L H2F
PHZH VY TR ERE L, 900°C £ THIELL /-5 12131 —
EDRBIZRIFL 72, RICEKIEFHRAIZEALY Y TR
OXREEBEL 2272, BILT2EAOIIHENEER O~
EFREVBOEARTELFHTHEL -, 2V TLHRDOR
X, 76 umgD KEBENER AT ¥ TR EIZH 10mm
BELTRI4IcEE L CHlEL -, BN CHlET 547
IR & 3 BB OO TH D BB B & DU 1258 X 5 gt
THRE L 72, BEEHIARDO T T 4 L & % [ofs & &
4 DERTORHMBEELBET HEE A HEDE D 4
AL, THT74 L 2OHRDLERIZZNZH0.93 um,
1.11 um, 1.38 um, 1.65 um TH O, F{EIEILZ L Z 1 80nm,
490nm, 104 nm, 106 nm IZFE L 72, 0.93 umHF DR H 31T
YAV ITx b HAT—F, O3B REOREFIEIINL
NI LT A+ b EAF— FEFERELZ, FERIE900°C D
B L TEADFH 7 4 L2 2B L 2D 5 0OBREES

08

Emissivity

<
S

0 50 100 150 200 250 300 350
Heating Time (s)

Fig. 2. Emissivity change of pure iron.
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Fig. 3. Emissivity change of Ti with a smooth surface.
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Fig. 4. Emissivity change of Ti with a rough surface.
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Fig. 5. Emissivity change of cold rolled steel A (low Si
concentration).
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Fig. 6. Emissivity change of cold rolled steel B (high Si

concentration).
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Fig. 7. Distribution of Fe, Mn and Si concentration analyzed by SIMS.
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Fig. 8. Relationship between emissivity and oxide thick-
ness of cold rolled steel A.
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Fig. 9. Relationship between emissivity and calculated
oxide thickness of cold rolled steel A.
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Fig. 11. Schematic diagram of multiwavelength pyrometer.
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Table 2. Variation of emissivity parameters.

Steel grade ay a,

Cold Rolled Steel C 0.22 ~ 0.50 0.30 ~ 0.40
Cold Rolled Steel D 0.12 ~ 0.25 0.32 ~ 0.60
Cold Rolled Steel E 0.10 ~ 045 0.25 ~ 0.52
Cold Rolled Steel F 0.13 ~ 0.50 021 ~ 0.60
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Fig. 12. Variation of emissivity and parameters during oxi-
dation process.
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Fig. 13. Comparison between true temperature and calcu-
lated temperature.
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