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A Study of Scale Formation during Hot Rolling and
Oxide Scales of As-rolled Steel Coils
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ABSTRACT

The simulated oxidation behavior between the rolling temperature and the rolled-in-scale of hot-
rolled steel coils has been investigated over the temperature range of 850~1150°C. The relationship
between the indoor rusting and the oxide scale of as-rolled steel coils has also been investigated. The
methods included oxidation and rusting tests, microstructural analyses of oxide scales and the substrate,
hardness and tensile testing, and the measurements of corrosion potential of as-rolled steels. The results
showed that the higher the temperature, the more amount of Fe;O,, but the less amount of FeQ present in
the scales. The hardness ratio of the scales to the substrate also increased with increasing temperature,
resulting in an easier increase the amount of rolled-in-scales during the rolling process.

Concerning the oxide scales of the as-rolled steel coils, the more the pores in the scales, providing the
shortcut of the corrosive species in the environments to diffuse through the scale and react with the

substrate, the easier the point rusts could form in the scales.
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Fig.! The experimental schematic of the present study.
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Table 1 Chemical compositions of the test steels,

TTHF| c [ si|Mn] P | S | AN
st

SiE b 050 [.o10 | 35 014 |.007 | - |.004

EH gL 048 [.017 | .30 |.012 |.009 [.032 |.004

Z8HE - |.o40 |.o16 | 33 |.014 |.007 |.055 [.005
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Fig.2 The schematic of the high temperature oxid-

ation study in laboratory.
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Fig.3 Morphology of the specimens before the indoor

exposure test.
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Fig.4 The schematic of the room temperature and high

temperature tensile test specimen.
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Table 2 Test results of the microhardness of the oxide

scales from high temperature oxidation.

SIBE | 850°C 950°C 1050°C | 1150°C
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Table 3 Results of X-ray diffraction analyses of the
oxide scales from high temperature oxidation

in laboratory followed by quenching in water.
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Fig.5 The relationship between the scale composition
and the oxidation temperature of iron in oxygen
at one atmosphere('"
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Fig.6 The relationship between the tensile strength
and the test temperature of the steel for high
temperature oxidation(solid line)and the poss-

ible extrapolated line(dotted line).
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Table 4 The hardness ratio of the oxide scale to the sub-

strate.
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Fig.8 Morphology of the specimens after the indoor

exposure test for 87 days.
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oxide scales of as-rolled steels.
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Fig.9 Curves of corrosion potential vs time of the

as-rolled steels.
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as-rolled steels before the indoor exposure
test.

A B, {37 5 3 BT A B9 % 1 PLIRLE 2 G
% ERAE 8 FTRZIBERBEE - K8
Thilakan 2 A" 2 GEARE (7 B » 45 Rae
2 SR TR B T 85 2 2 AU S OB
HE R - AR R B R -

T NFLBII R BB R RS AR
o gEat Y sk P-B EEE L
YR E A S BISEELL) > 1 LIS e
)+ #8 S RE E i » TR R SR 5E
WL 78 v ALK R L 7 S b » DA AT 38
RRHR R e A FLI - RSN o B R ST A
S T R R T+ S B L Z SRR L
(BN FeO BR BlIAR Fe0,
AFIFR X S BT PSS N A A R
2 FeO - ZHAEIHIZE 284 FeO MR -

iy

(2)SEM E2{&:

OKa. 204

0 N;\rfww.;w\ﬁ“ LMMW‘*M’*M_

SRa. M

8 iwwwww MW’UW;MﬂMJ

Feka, 282

PN R A

T

Fe

(b)FR 1B X FE#9 EDS SRim#

B o} i 8% S B iR 2 IE BB FE Y SEM /
EDS 534755 -

SEM / EMD ftest result of the top view scale

& 11

Fig.11

of Steel A after the indoor exposure test.

| ]

B 12 RHRR R R R R BT #E £ SEM 2%
Fig.12 SEM micrographs of the section view of
Steel A after the indoor exposure test.

SR S

whyE 850 ~ 1150 °C E§BEEAE 4
BT FeO HEMA » Fe,0, SRS 8
R AL A » 5 R EM I R ELfEth K - 4
B 5 EL A BT S LA BE R o IS ELAE IR ER
A R L SE L 2 R R B R =LA
PR BIGE A R -



PighTE HEHEFENH RESSFI12A

R EEMBHINREEN  EBR RS

HIFLER - RIS R ER M R A B R B FLR IS
AN BRI [ IE - R85 ek -

BE

1.

10.

R. V. Williams and G. M. Boxall; JISI, 203,
No.4, (1965) 369.

. P.J.Horvath; “Relation between Roll Surface

Breakdown and Scale Formation”, Mechanical
Working & Steel Processing X VI, AIME
(1980) 238.

. Y.Sano; Proc. of the 81st Symp. for the Te-

chnology of Plasticity, JSTP, Tokyo, (1982) 1.

. L.Luyckx and F.Lorang; CNRM, No.2, Jan.

(1965) 3, translated in BISI 4107.

. P.Funke, R.Kulbrok, and H.Wladika; Stahl Ei-

ssen, vol. 92, No.22, Oct. (1972) 1113. transl-
ated in BISI 10952

. V.P.Severdenko, E.B.Lozhechnikov, and M.A.

Baek; “Scale in Hot Mechanical Working of
Metals”, Metallurgiya, (1977) 208.

. Y.A.Mukhin, A.P.Shapovalov, H.A.Bobrov, L

A.Shamash, and V.G.Ermolaev; Steel USSR,
vol.15, Apr. (1985) 179.

. K.Nishimura, E.Yoneda, T.Ebine, A.Mizuta

and H.Ibata; Proc. of the Technical Meeting in
the 1988 Japanese Spring Conf. for the Tech-
nology of Plasticity, JSTP, Tokyo, (1988) 27.

. Y.Qike, J.Sato, K.Minami, K.Yoshitake, and

S.Yamanaka; ISIJ International, vol.32, No.11,
(1992) 1211.

EKENRR - T ARE - BRIAR - MAIER -

INEEE « € EZF; “Prevention of; Rolled-
in-scale Problems in Ultra Low Carbon Steel”,

CAMP-ISII, vol.6, (1993) 1328.

-242-

1.

12.

13.

14.
15.

16.

17.

18.

KRG - AR - HREE -+ LR -
EREERC ¢ SIEREFSE 0 303, (1980) 13603.
Y .N.Chang and F.I.Wei; J.Mat'ls Sci., vol.24
No.1, (1989) 14.

P.Hancock and R.C.Hurst, "The Mechanical
Properties and Breakdown of Surface Qxide
Film at Elevated Temperature", in "Advances
in Corrosion Sci. & Technol.”, ed. M.G.Fon-
tana & R.W.Staehle, Vol.4, Plenum Press, New
York, (1974) 1.

J.Wingrove; JISI, vol.208, March, (1970) 258.
H.Okada : "Scale Formation Mechanism during
Hot Strip Rolling and Hydraulic Descaling Te-
chnology" > 55 17 JE H TREETHHF &
$BAH, BRI, (1996) 1-1.

H.R.Thilakan, A.K.Lahiri, and Banerje, Indian
J. Technol., vol.8, Sept. (1970) 351.
S.Taniguchi and D.L.Carpenter, Trans. ISIJ,
vol.18, (1978) 530.

T.E.Mitchell, D.A.Voss, and E.P.Butler, J.
Mat'ls Sci., vol.17, No.6 (1982) 1825,



	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8
	page9

