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Improvement of the Descalability of Annealed SUS304 Steel
by Using the Vertical Type Direct Fired Heating Furnace

Shigeru Kiva, Yoshio Havasm, Toshio Koyma and Ywkio Hyucan

Synopsis : Effects of heating conditions on the thickness and composition of the scale, and on the descalability (ease of descaling)
of annealed stainless steel were investigated. Cold rolled SUS304 steel strips were continuously heated, soaked and
cooled using an experimental annealing line which was equipped with direct fired heating furnaces. Then, specimens
from the strips were analyzed by secondary ion mass spectrometry and thin film X-ray diffractometry, and were
examined in descaling test. The results obtained are as follows :

Rapid heating of SUS304 steel with impinging flame burners at 673~1173K decreases accumulation of Fe and Si
oxides into scale, meanwhile soaking at the temperature above 1273K for 10~20s accumulates Cr and Mn oxides into
the scale. We presume that two annealing conditions above mentioned improve the descalability of SUS304, because
oxides of Cr and Mn dissolve rapidly by electrolysis in Na,SO, solution in descaling process, while oxides of Fe or Si
does not dissolve so rapidly or at all. But, too long soaking forms a thicker and Si concentrated scale which makes the

time required for descaling longer. -

Key words : stainless steel ; heating ; annealing ; oxidation ; direct fired heating; impinging flame burner ; scale ; descaling ; des-

calability; surface analysis.
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Table 1. Chemical composition of SUS304 strips used.

Strip Gauge Content(mass%) Annealing
code (mm) C si Mn P s Cr Ni Mo Cu furnace

Al~4 0.3~04 0.07 0.44 1.18 0.034 0.007 18.53 8.51 0.24 0.26 Experimental
AY 0.4 0.05 0.62 1.17 0.035 0.005 18.08 8.34 0.25 0.41 Conventional
AT 1.0 0.06 0.32 1.21 0.032 0.009 18.18 8.32 0.26 0.23 Developed
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Fig.1l. Optical micrographs of the insufficiently
descaled surfaces of SUS304.
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Table 2. Methods and conditions for descaling.

Electrolysis in Na,SO, solution (20mass%, pHS3,
353K) by alternating current (rectangular wave).
(Positive, 2s) & (Negative, 1s),

by turns. Current density:800A/m?

Immersion in 8% HNQO;-0.7% HF

1st descaling

2nd descaling
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Table 3. Methods, apparatus and conditions for the surface analysis.

Method Apparatus Condition
. Primary ion : ®N,*, Acceleration voltage : 15kV,
Seggtlzggéft ;on( Snlmf/[s;) E\/I[’[I;i&?’CHI/ Primary ion current : 1X10-7A(in Faraday Cup),
P y Secondary ions : *0*,28Si* 5°Cr+* *Mn*,*Fe* °Ni*
Thin film X-ray PHILLIPS/ X-ray : Co Ka (40kV, 50mA)
diffractometry (TFXD) PW-1700 Incident angle : 0.5°
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Fig.2. Depth profiles of the ratios of intensities of .
secondary ions (Cr/Fe), (Mn/Fe)and (Si/Fe),
and the intensity of secondary ions of oxy-
gen for SUS304 heated at the temperature of
765K(0O), 1059K(A), 1261K([J) and
1421K(), by SIMS.
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Fig.3. Effect of heating temperature on the surface
composition of SUS304.
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Fig.5. Illustration of developed annealing furnace.
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Table 4. Comparison of the time required for des-
caling with the annealing test conditions
using developed furnace and conventional

furnace.
Strip Sample Code AY AT
Thickness of strip {mm) 0.4 1.0
Furnace used for annealing Conventional | Developed
Annealing temperature (k) 1393 1373
Line speed (m/min) 70 51
Time required for descaling (s) 88 63
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Fig.7. Depth profiles of the contents of elements in
the surface layers by SIMS of SUS304 an-
nealed with developed furnace and conven-

tional furnace.
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