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Characteristics and Formation Mechanism of Surface Upwarp
Defects of Hot Rolled Plate

Chen Shuhao, Wang Xinhua, Huang Fuxiang and He Xiaofei
( School of Metallurgical and Ecological Engineering, University of Science and Technology, Beijing 100083 )

Abstract Analysis on surface upwarp defects of hot rolled plate of high strength alloying steel Q345E produced by
120 t converter-RH-CC melting process has been carried out by using scanning electron microscope and optical microscope,
and it is found that there are ferroferric oxides, residuum of mold shielding slag and secondary oxides in micro-regions of
upwarp, and in the upwarp regions the arrangement of ferrite and pearlite is out of order, and the proportion of ferrite is
higher than normal with serious decarburization. Further found the main reason for formation of surface upwarp defects of
hot rolled plate is the higher argon flow rate in tundish which leads to bubble wrapping slag into liquid and forming subskin
blowhole of casting slab, re-oxidizing in heating to form oxide scale then being pressed in plate during rolling. The occur-
rence rate of upwarp defects decreases from 3. 86% to 0. 8% by adopting the process measures including decreasing argon
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flow rate in tundish from 65 L/min to 50 L/min and adjusting casting speed from 1.0 m/min to 1. 2 m/min.
Material Index Surface Upwarp, Argon Gas Flow, Slag Entrapping, Subcutaneous Blowhole, Stability

BEE NERAE P H R A i 20 | T L A R AL AR
W= R B RS H R AR JUED  AERER
TESRFATEE NN ARG B, 0 R R
Bt R OO BT BRI AR AR AR R
FEHRE.

FIT RISV AR ) A P AR Oy i - B AL AL -
KEEL- B, B4 T @R E A & WRELRG, TR
EHNFHAK AR EE, RERLERES S
WA TR 3. 68% ,IFHL LA™ .

A 25 U AU W TR 5 5 B A B AR R TR, 4T
B R B Y BCER SHE AT R A 0 4 AT R e, X
WA PR T ST 5T 12 T T E B8
B R, BT AELINARH L BREG B K
1 KBAZX

Q345E M ¥R % ] 120 t TUR B ¥ it 1k, &
RH F7s Ab 35 35E % T 5885, 4 Inlfu g 8 5
1540 ~ 1555 C. 3% 5% 56 4% W7 I 4 220 mm x

1530 mm, F& @ BRI M 1.0 m/min, 3 [a] 417K
HIKEE R 65 Wmin, “A R H/KEHHITE 0.7
Lkg/ih. didsdRiraF g2k 1, BRs
E ROMEBRAL LG 26 B ok, 5L K5 B
B AFENAS T RLAS 1Y 7= . e —Se LR R
TS B2 B, PRI bR T A 7 B Q345E #4
AL A A R TR R SRR R AT R TN, A B ST B TR AT
PLEA T EHRE.

F1 QMSENALRB[RIPEEENS
Table 1 Basic ingredient of shielding slag in mold for steel
Q345E
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Fig.2  Typical morphology and energy dispersive spectrum a-
nalysis of upwarp defects, SEM

MR B BRI AL AT R A -
DIBCAREGR PR AR AL, 2251 B LS5 T 4% 19
FRIE W VA R 1 T R B L T R DT, SR 5 B B
i N LB SRR
I3 (a) i 2, 7550 B2 Bk B A9 LTI, AT
LAE B — AR 1088 B, RS A AR E AR Bh. fE 5
MR L, v AR B — 2R A AR 2 R
ARSI A BR R IR, £ 8k

==

B 1 Q345K §RHEL UM R BRI 2 IR SR FRIL : () IR 1L RKIERAEL - () 1ARE 2. 207

B Ce) iRE 3, R/ NEEL

Fig. 1 Macro-morphology characteristics of surface upwarp defects of hot rolled plate of
steel Q345E; (a) sample Nol, long upwarp; (b) sample No2. upwarp being separated from base

metal; (c) sample No3, a hundle of small upwarps
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l“ig. 3 Opti(“dl structure morphology of obverse side of upwarp defects: (a) obverse edge; (b) left side; (¢) region under upwarp defect
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Fig.4 Optical microstructure morphology of transverse section of upwarp defects: (a) crevice between upwarp (upper) and base metal ( be-
low); (b) upwarp structure, upper of crevice; (¢) base metal structure, below of crevice
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Fig. 5 Effect of argon flow rate at upper nozzle of tundish (a) and casting speed (b) on
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