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The evolution of hot-rolled banded microstructure in
low carbon microalloyed steels
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Abstract: Banded structure defects often appear in low carbon microalloyed steels during rolling pro-
cess, which have a great impact on the product quality and service properties. In this study, Q345 hot-
rolled slab in a plant was selected as the research object, and the evolution of the banded structure in dif-
ferent rolling passes and positions during hot rolling was analyzed. The results show that the segrega-
tion of solute elements between dendrites is the essential reason for the formation of banded structure.
At the same time, it is found that there are significant differences in the banded structure size of rolled
products at different rolling passes and positions. For the banded structure at the same position in differ-
ent rolling passes, the larger the reduction rate is, the smaller the banded structure is. When the reduc-
tion rate is 50%, the width of the central banded structure is about 175 um. When the reduction rate is
67%, the width of the central banded tissue is about 75 pm. Under the same rolling pass, the comparis-
on of banded structure at different rolling positions can be made. It is found that the banded structure at
half-thickness is the largest, compared to the smallest band observed at the surface.

Key words: low carbon microalloyed steel, hot rolling, banded structure, reduction, evolution behavior

Y #s B EB: 2022-12-09

EEUHE: 5K ARP 2 E- %Efﬁﬁé(szoozto%) K A SRR R A - X BB e SRR 5 4 T T (U21A20114).

fEZE N £, 1986 4F i A4E, 55, T ERIE N, RIS, EIRAEE, BF58 7 | BG4 . %5 50 T i 45, E-mail:
adherent@163.com,


mailto:adherent@163.com

£ 6 1]

£, A RERE S A PELPRE R T A RIS - 173 -

0 3%

A &N SR D2 M I TR S
(PR, SRR BB AR TR G iy ™ ZERELY
R, SRR R e BT X, fET R & X
MR A AT R BRI . 2B AT T 5L
J5 1 JZ R B R R R AR FIEO LIRS 4121

HORA LGOS A Ol YR Be A G S5 m, 2
SEEUWM A A 1) S, AR KRR B M RN A 1 38
TR, AR ™ ik 4141
(YT 1 2 PR A (R R 2 3 TP & 4ot
E O BT TS 2 Y, KA aWh &40 E,
FEIIJE Mn T2 7EEE Rz S 1 28U K A= AT, T %
Ar3 JREEARRIREE Mn FI'E Mn iy, $L# /537 Mn Fil
& Mn 455 BB R R AR /BRGIR, NI B T 5k
g,

KTARE SN IRA L7 A B HLIR 520 FIH
BREAH KEMFFEMGED ", Verhoeven™ Fl Krauss™
WG T ERAW BT XA LU0, e BRI A 4 BN A 358 [
AR PRI AT R BUR AL A B A5 . X
PRI GBI e AL B P IR 2L . =4
ANPVRFSE T Q34SE s IR 41 41 5 44 Bk i =2 1] (Y
KFR, W45 AR, AR 2U8™ &, MR IGE
il ERE S, (R RE A fRIR RN, R
XTHAAEWT AT T AT, G5 R RN, R
FLJE Mn, S TR TEH IR LI b I8 1 1 e 4%
PIrELHIL R R B B T R B . AT AR A
X 32 V) B X R S 2 i R AR 5T, &5 SR
FE B, A R i A AV HR T LUA RO
IR AT, FEAREAL B IR . TR A 32 55
NS e e T B IR 4L T AT T A
9%, — 7 THI o B4R A ) ) TR B, 3RAS- 4 /N
TIRKRAL, AR A TR A AR A, S —
7 T2 ) 325 >4 P AL 2 20 o B2, 4 O LA &y
B RS, RIS b A AE—E P TC 3R I 3R, d T LA
PEELAE VR i By T IR 2 e 5

DIMESR BRI 200 T IR 2L TR B,
R EGE IR 2L A2 T2, ARG 4
PEL T TR PR IR B AR A TR, R AN R R T
XS ELAA R B R LU I G AT %A -
EH AT SEPRAE 7 T2, DILAL Q345
MR A BN R AIFFE XTSI AS [ 5L il 1 vk

NELMEURE, FERIRD G BB LA AN ALY
PR A TG0 B, o 7 BB AR 2
CAVIVE |1V RV Wi s TP 7 S A T WA N R S A
BB MAPIRAL U AL T R BRI, DAL )
AT, SR AL AL UERE DT R R DT TS 4R At T B
wE%,

1 REARF &%

1.1 aEeb e

I AR B3N Q345 G IR, $5 1
Wi R 280 mmx1 800 mm, A2~ ik 1
Jiis o TS g SLLELHIRE A BR, PR IR 4 44
S FE AL E U, B 1 SR B, T
A BT R T ) i S B = PO R AT S e Z AL
il 56, 5 R SF 200 mmx280 mmx400 mm (5 x
JExK)

F1 Q345 TEUEMY
Table 1 Main chemical composition of Q345 %

C Si Mn P S \Y Nb Ti N

0.14 020 1.40 0.014 0.006 0.028 0.025 0.02 0.007
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Fig. 1 Schematic diagram of slab sampling
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Fig.2 Schematic diagram of segregation sampling
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Table 2 Rolling process parameters

ik FREE/mm ERETR%  BETR% R4

0 280.0 0.0 0.0 0.00
1 247.5 11.6 11.6 1.13
2 216.0 12.7 22.8 1.29
3 186.6 13.6 333 1.50
4 161.0 13.7 42.5 1.74
5 140.4 12.8 50.0 2.00
6 124.7 11.2 55.5 225
7 111.9 10.3 60.0 2.51
8 100.0 10.6 64.3 2.80
9 92.1 7.9 67.1 3.00

2 BRBRERSHH

2.1 FEIRARAERI

BB IR RS, XHAREIEA TALIN T (BRI
IR) 5, F 50% ERRRES WA TR I, R EINAS
T, B 3 R HERIAT L, AT LA )R
JE AR KRR AL L BRAS B A [ Rs R LA
B HBERLEAE ‘A5
22w A br

R EL I H PR IR 4 20 35 B PR N R
AR AT S LS G, T A o 32 55 SR D AT RO 308

B s T R A0 4 A SR IR B T R R 4121
AT B, B S EXHN hIT R TS O
FFRAEGE . K 4 HEEEE C. Mn RHTIE L. ATLLE
HEERIELEE UL B CL Mn AT T, C Wb
e 1.15 2245, Mn R #T 78 1.075 A fi . FERi#5 e p
AL 80 mm {37 B BRI AL HYEE T BH f i S AT L, C
PRHTTE 0.775 2247, Mn AT 7E 0.9 A2 47, Xt 2%
MR A LT A “H5a” AR

Gl o B

3 EHRITRAEAR

Fig. 3 Macrostructure of continuous casting slab
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Fig.4 Segregation index of C and Mn

2.3 APIREHLIBEIRS b

&5 SRR IR . KRG Xy
BREMRAL, OO BRIRA S, Wk
T ET BT, 1#] 5(b) ~ (d) 20515041 C. M,
PG R mMT G . v LA H BB A [ M3 C. Mn
JCE B, F 5(b). () H L XI5 Atk
AL C, 2% Mn X3, FRiillJ& Mn JCRAEBROGIR
BRE R ZU B G | BT, UL AR TE
BB A TCE TS OL . X SHPIR SO LR A
FEML S — 2, WARA BRI R IR AT IS R . 7EBE
[P 3 A Y, Sl TR AS Tk e e B R G 2 AT A



%6

T AR RS S NP IR A SRR T BIRITSE - 175 -

BE, FEFE A P AR C BRI B2,
R T HAL S AR Z AR, 40 Mn, P 93"
HCR G /N T L BRI, X TE R TE IR R T
R rPELAS 234, AWEE TP e AT B G . A
LA A AR r AL AR SE A SL A st Ve L 7 i B
K, FFREE FLE R T -5 5L 1 — 2 A

(a) HPIRLHLUES
100 +
) W/I\WMW\A WW\
|
40t
20F # Mn X U Mn X %7 Mn [X
0 1 1 1 1
200 400 600 800 1000

(c) Mn fgi

43‘1(60'
o

MR T C M AMICR A A T HE S R, 7F
B AR, TUR LI eHT Ak F k12, 1 C
FHA TR 0 & AL X BRI 21, )5 TP g
T X R R R S BRI S B B B IR 4
Kl 6(a) MK 500 55 R 2L R B IE 30, 1A
6(b) MK 1 000 fEEREIATES .

100

(b) C fititk

100

40t

20 +

200 400 600 800 1000

(d) P ki

5 HREREIIEIR

Fig. 5 Line scan of banded structure
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Fig. 6 SEM morphology of banded tissue
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Fig. 8 Structure morphology at different positions during the seventh pass
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