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Effect of S in Steel on Hydraulic-descaling-ability in Si-added Hot-rolled Steel Sheets
Tomoki Fukacawa, Hikaru Oxapa and Yasuhiro MaEnARA

. Synopsis

: Effect of S on red scale defect, which is often observed as abnormal red scale stripes within normal black scale matrix

especially in hot-rolled Si-added steel sheets, has been studied by means of laboratory hot rolling test. It was found
that the area of red scale defect on the sheet surface decreases with increasing the S content. This can be explained
by the formation of the eutectic compound of FeO/FeS with the low melting point of 940°C between steel substrate
and upper eutectic compound of FeQ/Fe,SiO, with the melting point of 1173°C, i.e., the descaling ability of the primary
scale is largely improved by the existence of the liquid phase in the process. The cause of formation of only FeS without
MnS at the scale/steel interface in spite of significantly high amount of 1.5%Mn, is also discussed on the basis of
chemical equilibrium diagrams calculated by the thermodynamic database “MALT2".
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Table 1. Chemical composition of steels (mass%).

Steel C Si Mn S Al N
S1 0.093 0.53 1.52 0.0100 0.053 0.0015
S2 0.095 0.53 1.52 0.0200 0.056 0.0015
S3 0.100 0.54 1.49 0.0560 0.052 0.0024
S4 0.098 0.54 1.48 0.1100 0.051 0.0016
S5 0.100 1.62 1.53 0.0130 0.055 0.0010
S6 0.100 1.62 1.54 0.0220 0.057 0.0008
S7 0.100 1.62 1.51 0.0560 0.052 0.0012
S8 0.100 1.63 1.52 0.1100 0.052 0.0010

P<0.001% Ni: =0.020%
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Fig. 1. Experimental apparatus for red scale repro-
duction test?.
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Fig. 2. Schematic illustration of an experimental
procedure. The slabs were heated at 1220 or
1260°C for 2h in an atomosphere of 77.1%
N, +14.39%H,0+8.69%CO,. After 1 pass roll-
ing, the slabs were oxidized in air for 40s
before the secondary descaling. Descaling
pressure was 15MPa.
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Fig. 3. Effect of S on the appearance of 0.19C-0.
59Si-1.5%Mn-0.029% Ni steel sheets after
red scale reproduction test. The slabs were
oxidized at 1220°C for 2h bofore hot rolling.
S(wt%) (a)Steel 1: 0.010 (b)Steel 2: 0.020

(c)Steel 3: 0.055 (d)Steel 4: 0.110
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Fig. 4. Effect of Si, S and oxidation temperature on
the fraction of red scale area after reproduc-
tion tests.
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Fig. 5. Back scattered electron, Fe, Mn, Si and S-
Ka images near the scale/steel interface of
%S%Si—O.l%S steel oxidized at 1220°C for

(a).SEM micrograph. (b)Fe-Ka image.
(c)Mn-Ke« image. (d)Si-Ka image.
(e)S-Ka image. (f)O-Ka image.
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Fe 96.00 98.02 7438 7199  51.08
Mo 1.36 153  2.49 0.53 19. 12
Si 1. 64 0.38 23.00 0. 05 25.63
S 0.07  0.07 0.12  27.44 0.17
Fig. 6. SEM micrograph and EPMA analysis of
each phase near the scale/steel interface of
1.5%Si-0.19%S steel oxidized at 1220°C for
2h.
a b
Tomm

Fig. 7. Identification of internal oxides.
(a)TEM micrograph.
(b)EDX spectrum.
(c)Electron diffraction pattern.
(d)Schematic representation of (c), showing
(Mn, Fe), SiO,.
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Fig. 8. Effect of oxidation temperature on internal
oxidation near the scale/steel interface of
0.52Si-0.0209%S steels.

(a)Oxidized at 1260°C for 2h.
(b)Oxidized at 1220°C for 2h.
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Fig. 9. Chemical diagram in Mn-Si-S-O system at
1220°C calculated by MALT2.
log ayn=—1.83 (Mn: 1.5wt%)
log as;=—5.12 (Si: 1.5wt%)
Arrows show that MnS decomposes with O,
partial pressure and it becomes MnO or Mn,
SiO, in the steel just below the scale.
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Fig. 10. Schematic illustration of decomposition
reaction of MnS in the steel just below the

scale.
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Fig. 11. Chemical diagram in Fe-S-O and Fe-Si-S-
O system at 1220°C calculated except for
Si0, by MALT?2.
log ag;=—5.12 (Si: 1.5wt%)
Arrows show that FeS forms with S, par-
tial pressure at the FeO/Fe or Fe,SiO,/Fe
equilibrium O, partial pressure correspond-
ing to the scale/steel interface.
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Fig. 12. Summary of the compound of S near the
scale/steel interface.
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Fig. 13. Phase diagram in FeO-FeS system'?.
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