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Poor descaling ability in Si-added hot-rolled steel sheets can be explained in term of anchor effect of FeO/Fe,SiO,
eutectic-compound cutting into both steel and upper FeO sides, which is formed during slab soaking. Although the
uneven interface of eutectic-compound/steel can result from penetrating of liquid FeO/Fe,SiO, eutéectic-compound
into y grain boudaries, the details have not been clear so far. Thus, in this work, we have studied the behavior with
particular emphasis on the small amount of Ni, which is unavoidably included in the steel making process. Reproduction
tests of red scale by a laboratory 3-stand tandem-mill with descaling apparatus suggests that the uneven interface is
closely related to the small amount of Ni. That is, in 1.5wt% Si-added steel which includes only 0.0034wt%% Ni, eutectic
compound/steel interface in primary scale is flat and no red-scale forms. Whereas, in 0.02wt% Ni steel, the interface
of eutectic-compound/steel in the primary scale was quite uneven even in the case of lower Si content of 0.5%, and
typical red scale was observed, resulting in poor descaling ability. Increase of Si, Mn accelerates uneveness of eutectic
-compound/steel interface through the growth of internal oxides.
scale ; red scale ; Si steel ; descaling ; oxidation ; nickel ; manganese ; hot-rolling.
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Table 1. Chemical composition of the used steels.

Steel c Si ¥n I3 S Al N Ni
A 0.091 | 0.49 | 1.51 0.002 0.0008 0.050 0.0013]0.0039
B 0.093 | 0.52 [ 1.46 0.002 0.0008 0.053 0.0012]0.010
c 0.091 | 0.47 | 1.36 0.002 0.0009 0.049 0.0008]0.020
D 0.091 | 0.51 | 1.44 0.001 0.0008 0.050 0.0011]0.058
E 0.092 | 1.49 | 1.49 0.001 0.0009 0.050 0.0010)0.0034
F 0.092 | 1.51 | 1.42 0.001 0.0009 0.055 0.0011f0.020
G 0.091 0.12 | 1.39 [0.002 0.0008 0.048 0.0008 0.020
i 0.093 0.10 | 0.81 |0.002 0.0008 0.053 0.0008 0.020
I 0.094 0.10 | 0.030(0.001 0.0006 0.058 0.0007 0.020
760 1800 1100 1000 .
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Fig. 1. Experimental assembly for red scale repro-
duction test®.
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Fig. 2. Schematic diagram of red scale reproduction
test.
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Fig. 5. Effect of Ni on the surface appearance of
1.59Si-1.59% Mn steels after red scale repro-
duction test.

(a)0.00349%Ni (b)0.0209% Ni

Fig. 3. Effect of Ni on the surface appearance of
0.59Si-1.5%Mn steels after red scale repro-
duction test.

(a)0.00392%Ni (b)0.0102%Ni (c)0.0209% Ni
(d)0.0589% Ni

Fig. 6. Effect of Ni on the primary scale/steel inter-
face of 1.5%Si-1.5%Mn steels after oxida-
tion at 1220°C for 2h in 77.19%N,+14.3%
H,0+8.6%CO,.

(a),(b)0.0034% Ni (c),(d)0.0209%Ni

Fig. 7. Primary scale/steel interface of 0.5%Si-
1.5%Mn steel after oxidation at 1220°C for
2h in .77.19%N,+14.3%H,0+8.6%CO..
(2)SEM micrograph (b)Si-Ka X-ray image
(c)Mn-Ka X-ray image (d)Ni-Ka X-ray
image
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Fig. 8. Effect of Mn on the primary scale/steel
interface of 0.194Si-0.020%Ni steels after
oxidation at 1220°C for 2h in 77.19%N,+14.
3% H,0+8.6%CO,.
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Fig. 9. Phase equilibrium diagram in oxidation of
Fe-Ni alloys'®.
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Fig. 10. Equilibrium partial oxygen pressure of

oxides formed near the surface of 0.5%Si-
1.52% Mn steel as a function of temperature.
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Fig. 12. Mechanism of irregular morphology forma-
tion in primary scale/steel interface.
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