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Hi?h—temperature measurement of thermal effusivity of oxide film formed on steel
plate and understanding of boiling phenomenon during cooling of steel plate
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The purpose of this study was to measure the thermal ﬁro erties of the
constituent phases of the oxide scale formed on the surface of steel during the hot-rolling process
in steel manufacturing and to deepen the understanding of the quenching point in the steel cooling
process based on the results. Methods such as the hot strip method, laser flash method, and
thermophysical microscopy were considered and used to measure the thermal diffusivity and thermal
conductivity of the constituent phases of the oxide scale. Detailed measurements of the thermal
conductivities of Fe203 and Fe2Si04, compared with the structure of the oxide scale, revealed that
the layers containing these compounds have high thermal resistance. In particular, when Fe2Si04 is
present, voids are also present, indicating the necessity of controlling the formation of voids in
the oxide scale to achieve uniform cooling of steel.



(
2 1 2

(Ts)

_ biTy; + by Ty

$ b, + b,
b1 07) 1 2
/
Fig.1
Q)

(AT) (1]

AT = (Q/4kn/?)t[erf{(a)/2at} + erf{(a)/2at}

,7=(ot)a a a
(r<0.5)
(b= k/Va)
4
(2] 2
( 20 mm, 40 mm,
Pt Pt-13%Rh
Pt
Pt
Fex03
Fe03

0.5mm

( 300°C)

T Tai

(€3]

(=(Copk) 172, Co:

z Heat Flow

Strip
Heater

-a<x<a
-00<y< oo
z=0
Fig. 1 Schematic illustration of
a strip heater

by hot-strip method

1

10 mm)
Pt Pt

Ni
Pt
1000°C 1h
1000
Fex03

850°C Fe203



1mm

500°C
Fe2SiO4 /
Si FeO Si (Fe2Si0s FeO
) Fe2SiOs
Fe2SiO4 10 um
Fe»SiOs (150-180 pm)
Pt-13%Rh
Pt
[3] Pt Pt-13%Rh
Pt
Pt-13%Rh
Pt
Pt Ni
Pt Pt @) Pt-
13 Rh (ii)Pt (iii)Pt
Pt (i) (i)
2 (iii) 2 1
Pt Pt
200
1 200
10
1
2
Pt
1000
FeOs
/
FeOs
FeOs
FeOs 4 x 107 m¥s
Akiyama Fe,O3
[4] [5] 1
FeOs ( ) FeOs
2 2
FeOs
FeOs
Fe2SiO4 /
4.1 +0.2 kJs%5K-Im2 6.0 £0.5 WmiK1
Fe,SiO,
FewxO [6]
FeOs

Fex03 1

FeOs



Fe0Os

S Fe.,.O FE304 FezOs
Si Fe;SiO4

(1) 5
100

[1] R. Endo, H. Hayashi, M. Li, M. Akoshima, H. Okada, H. Tanei, M. Hayashi and M. Susa: ISl Int., 60
(2020), 2773.

[2] H.S. Carslaw and J.C. Jaeger: Conduction of heat in solids, Oxford: Clarendon Press, (1986).

[3] F R, Caldwell: NBS MONO, 40 (1962)

[4] T. Akiyama, H. Ohta, R. Takahashi, Y. Waseda and J. Yagi: ISl Int., 32 (1992), 829.

[5] J. Slowik, G. Borchardt, C. Kohler, R. Jeschar and R. Scholz: Steel Res., 61 (1990), 302.

[6] M. Li, R. Endo, M. Akoshima and M. Susa: ISIJ Int., 57 (2017), 2097.



1 1 0 1

Suganuma Yuto Shinohara Saori Inoue Yuta Nishi Tsuyoshi Ohta Hiromichi Tanei Hiroshi Susa 52
Masahiro Endo Rie

Quantitative thermal investigation of a fayalite particle and a Si-rich layer in oxide scale 2023
formed on steel
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