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Effect of P on Hydraulic-descaling-ability in Si-added Hot-rolled Steel Sheets
Tomoki Fukacawa, Hikaru Oxapa and Hisao Fujkawa

Synopsis

: Scale defects, called “red-scale”, frequently form in Si-added hot-rolled steel sheets because of poor hydraulic-descaling

_ability in hot-rolling process. In this work, effect of P on the hydraulic-descaling-ability in Si-added hot-rolled steel
sheets and the mechanism of descaling are investigated by red-scale reproduction test and the analysis of Fe-Si-P

oxide.

(1) Addition of P to Si-added steel improves the hydraulic-descaling-ability.
(2) Because the addition of P lowers binary eutectic temperature of FeO/Fe,SiO, oxides formed during slab
soaking. Therefore the liquid eutectic compound in the scale/steel interface during the descaling improves the

hydraulic-descaling-ability.

(3) Furthermore high slab soaking temperature in addition to increase of P is more effective to improve the
hydraulic-descaling-ability because of high descaling temperature.
(4) The Fe-Si-P scales were synthesized from mixtures of the reagents of Fe, Fe;O,, SiO, and P O5 Decrease in
the binary eutectic temperature of FeO/Fe,SiO, with P,Os is clarified by thermal analysis of them.
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1 ﬁ% Table 1. Chemical composition of the used steels
. E= (mass%).
o STEEL  C Si in P S  Sol.Al Ni
B, ABMREAAE L L TERD S R L A 0.100 ] 0.51 | 1.52 [ 0.009 | 0.0006 0.053 0.02
FACORE S ELTH Y, FroME— g s 2t B U098 | 0:50 | L51 | 0-0t8{0-0004 0.057 002
72SIRINBESIIR OB RS EITHF TH 5, L L, Su’ﬁﬂﬂflﬂ c 0.095 } 0.50 | 1.52 | 0.050 |0.0004 0.051 0.02
RSB ELERR - 7 2 7 — Y V2 RRDRELR T L, D 0.100 | 0.51 |} 1.55 | 0.099 |0.0004 0.054 0.02
- < - X E  0.100 | 1.58 | 1.53 | 0.008 |0.0008 0.051 .02
ER TRy —vy B3 RiZ2FEET S TEBRA T —v
L:’i RAT = U oRK LT Rtk . F 0100 | 1.56 | 150 | 0.018 |0.0004 0.051 0.02
EPREN s RERMEDEL LT 0o BRRA T —vOFEL ¢ 0100] .58 | 1.52 | 0.050 |0.0005 0.052 0.02
PeBESIR F FRE T 5 L, KAy — IR B Ay —vER(IE H 0.100 | 1.57 | 1.52 | 0.100 |0.0004 0.053 0.02
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Fig. 1. Schematic illustration of red scale reproduction test.

Table 2. Weights of starting reagents mixed for synthesis of Fe-Si
-P scales and expected chemical compositions converted

to FeO, SiO, and P,O:.

Weights of starting reagents Expected chemical compositions of
No. | for synthesis of the scales (g) the synthesized scales (mass%)
Fe Fes0. Si0: P:0s Fe0 Si0: P:0s [P:05/(Si024P.0s)
1 16.0 16.0 6.0 0.0 76.8 23.2 0.0 0.0
(2> 16.0 16.0 5.5 0.5 76.8 21.3 1.9 8.3
€)) 16.0 16.0 5.0 1.0 76.8 19.3 3.9 16.3
4 16.0 16.0 4.5 1.5 76.8 17.4 5.8 25.0
(5 16.0 16.0 4.0 2.0 76.8 15.5 7.7 33.3
(6) 16.0 16.0 3.5 2.5 76.8 13.5 9.7 41.7
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Fig. 2. Effect of P on the surface appearance of
0.5%Si-1.5% Mn steels after red scale repro-
duction test.
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Fig. 3. Effect of P on the surface appearance of
1.5%Si~-1.5%Mn steels after red scale repro-
duction test.
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Fig. 4. Effect of Si, P and slab-reheating (oxidation)
temperature on the fraction of red scale area
after reproduction tests.
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Fig. 5.

SEM micrograph and EPMA analysis near
the g)rimary scale/steel interface of 1.5%Si
-1.5%Mn-0.050%P steel after oxidation at
(1:2(%0"(1 for 2h in 77.1%N,+14.3%H,0+8.6%

2.
(a)Back scattered electron image
(b)Fe-Ka X-ray image
(c)Si-Ka X-ray image
(d)P-Ke X-ray image

Fig. 6.

SEM micrograph and EPMA analysis of the
synthetic Fe-Si-P scale of sample (3).
(a)Back scattered electron image

(b)Fe-Ka X-ray image

(c)Si-Ke X-ray image

(d)P-Ka X-ray image
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- Orthorhombic system—Fe,Si0, (a=0.610nm, b=1.051nm, c=0.482nm)

Fe-Si-P-0 | Orthorhombic system—Fe,SiO, + Fe;(PO,). (a=0.608nm, b=1.058nm, c=0.479nm)

Fig. 7. X-ray diffraction patterns of the synthetic Fe-Si scale of sample (1) and Fe-Si-P scale of sample (5)
representing that both have olivine structures. The Fe-Si scale is Fe,SiO,. The Fe-Si-P scale is Fe,SiO,

and Fe;(PO,),.
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Fig. 8. Effect of P,0; content on DSC curves when
Si0O, was replaced by P,0Os systematically on
the eutectic composition of FeO/Fe,Si0,
under coexistance with metal Fe.
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Fig. 10. Effect of P,Os content on the FeQ/Fe,SiQ,
binary eutectic point.
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