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Formation Mechanics and Control Strategy of Surface Color

Difference for Hot—rolled Low Carbon DC04 Steel

CAO Guangming’, TANG Junjian, LIN Fei, LI Zhifeng, XU Rong, LIU Zhenyu
(The State Key Laboratory of Rolling and Automation, Northeastern University , Shenyang 110819, China)

Abstract: On-site samples about color difference defect on the surface of hot—rolled low carbon DC0O4 from
steel enterprises were analyzed,and it was determined that the difference of the thickness and the structure of oxide
scale between the surfaces in the middle and in the edge was the main reason for the color difference on the surface
of hot-rolled strip. The transformation law of microstructure of oxide scale in continuous cooling was simulated and
investigated by means of thermogravimetric analysis (TGA ) and electron probe microanalysis (EPMA ) in order to
solve this problem. The results showed that pro—eutectoid Fe;0, was prior to nucleate at the original Fe;0, layer. The
lamellar eutectoid structure was obtained as the cooling temperature decreased. However, when the cooling rate
reached 25 °C/min, the eutectoid reaction was suppressed in the oxide scale. Industrial trial production was imple—
mented based on the results of laboratory research, the microstructure and thickness of oxide scale were effectively
controlled by adjustment of coiling temperature and cooling rate, and the cooling temperature was reduced to the
temperature range of eutectoid transformation, and then the color difference defect was basically eliminated.
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Fig.1 Color difference defect on hot—rolled low
carbon DCO4 steel
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Fig.4 Microstructure of the oxide scale on hot—rolled

low carbon DCO4 steel

% SR PELAT AN O 1B BEEL R, 754 U #Y
R AESE R, e B Al T 6 AU Bl A5 B
T L B 1O TR AR 2 AL R B RO JRERE B I, 224
I AR R AL BR B EEAE 10 wm DAL TP Y
UL ERALAL T A X, LR AR B A
S, B ASS A i X IR Bk B
JEBEAE 10 wm LT 8082004 P2 i (19 A Bk
BEWg R 25 1 Jrids , il 2 1 A A Bk B 1) 25+ A1 S
JEANH 2 T R A T B0 2 S AR AR S AT
W 5 B s AT XS RUBR IR, ASSCR TS IAR A T
SE AR K A AR A S, DAYt DRy 4 2 T (5 22

A 1) .
Fe;0,+ 344141 l/jj:ﬁ{;
% SN Fes0, X([ ’ﬁ%
JR
B 5 Ak Adusk i e £ 5%

Fig.5 The horizontal difference of strip surface oxide scale
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Tab.l Chemical compositions of the tested steels %
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Fig.8 Schematic illustration of experimental procedure
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Tab.2 Test parameters of the experiment
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22 EWERSHR

H Fe-O FIEISH, BT FeO EHIEH
HIC K TEARIRE T FeO JZ 8 E 0, I E AR
AN A T ETE FeO ZHPA T AR AR AERAGR
FE N IR B i R A B FeO 2 H 1Y A A
BHTR B AR, INTFE FeO 2 4T 546
Fe;0, )20 H Se AT 212 Fe, 04, 4n=(1).

(1-4z2)Fe,,0 = (1- 4x)Fe,.0 + (x — 2)Fe;0,

(1)

MIREETE 570 CLATHF, FeO 24 AHIEH] TF

BPIRAS . e VR BE IR B —E (R TE BLE T, 7E FeO

JZ i A T SR A TR A 4140 (Fe,0 4 a—Fe ) , H
Fiina(2).

4Fe,.0 = (1= 4z )FeO + Fe;0, (2)

TE 500 ~ 650 CHEHUN, B HIHAR A 0.2 C/
min I, e S R T AR R g5 R &l 9 FE R ST
A2 PR AR R SR SR A — 0, AN S AL
JZRFR 20% ~ 40%, Fla RANZ IR FelO4 LA
KT DY Fes0,. 56 T A4 HIH R /N, A
HAE FeO 220 ib 2l b 1 FER A 78 e A= el e
IV 2Z i, FeO &A= Je i 52 I B s TRl PR 350
L (DT KA, 4 BUR RBP4
AR P ST FesO, 2 il

AT Fe/Fe 0,

(a)500 °C

(¢)600 C



12 M

G AR  IAELITAR DCO4 X2 1 (25 7 A LI e sl 63

(d)650 C
B9 0.2 C/min Ak 54T R AR
P30 ALK R 2 A
Fig.9 Structure of oxide scale under simulated different

coiling temperature at cooling rate 0.2 °C/min

MTE 500 ~ 650 CHEHUR, HRAELL 25 °C/min 1Y
BT, RANAIER R Z5 A 10 Fos.
AACER RS A R AR B 1 FeO LUK ZHUR Y
JeIEHT Fes0,. JRUR Y FesO, M NI S AL ST 21
é'/D\ F€304 ﬂ%% , %;tl\:*ﬁ F63O4 é%ﬁ F€3O4/F€O %“E
AR, B BT A HE RS B ] FeO J2 NERYT
B, HBE FeO JZARIRA  HLR A SE AT Fes0, 5E
D A Ve HI R 1 P2, FeO JZ2 T B8 R
R WL, TR A KR RG,
AT S B P A B Ak, MR A AR F] 25 C/
min B, A0 4K Hz 45 44 T e AT 20 404 i i L AT
A EBARAS B B RIS 3 55 1 T i S Ak Bz
SERR P R IR IR R Bl A TR RS ARG, A DX
PR TR S IEHT FelO, JHFDE W, AHX B A IX TR
A e ALK A B, FUARIX H BLEA TR Fe A%, &R IX
LT Fe0, JEAZ , W LRI BT S g =X (2 ). Bifi
FV IR, AR S B R A FeO
.

(a)500 °C

(b) 550 C

(¢) 600 °C

(d) 650 C
A 10 25°C/min A ik 54 T R B A BUR 15 3]
B A ALsE R 2

Fig.10 Structure of oxide scale under simulated different

coiling temperature at cooling rate 25 °C/min
TE = BB EE R (410 650 °C) KK L 5 °C/min
10 °C/min , 25 C/min BRI RS H E R, HEA
AR ez i 34 0 I J8 A AT 2 s R B U A
J Fe™ M4 BERALIK S ), S T 5 BRI Fe,O LH
TN Fe O HHAE, JEE HA LA RS &ERm)
Fe,0, MIMIFEL FeO J2 1 B 2S5~ B b vk B2 1) A1
BRI T Fe (147 1L, 7 1 BEATAH AR 1 & A G =
GHGRE T Fe*1E Fe,0 2P B FEUEL 11 FiR.
1t Fe,0/Fe;0, U1 & A B, H R an=(3)



64 W K22 ARBHE R

2018 4F

(a) Ciron
Steel
substrate —
e
distance
(b) Cinn
Co CZ
Fe,O
Steel
—n Fe?
substrate — .
distance

A1l Fey#IRTEA

Fig.11 Schematic illustration of Fe* ion diffusion
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