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Abstract

The surface crack of the rolled steel plate containing copper was studied by statistical analysis.
The results show that reasonable control of the slab heating time and temperature will avoid the
surface crack of the rolled steel plate containing copper and low alloy steel, and the surface quality
of the rolled steel coil is well. The key process control parameters are slab temperature controlled
below 690°C, liquid steel [S] content less than 0.012%, liquid steel [n] content less than 0.0070%.
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1. 518§

I IE T2 H BORAKRERE, REENRZE, BRIRAE AR [1] [2] [3]. HAT, HEFHmig
FEAWHMIER: 1) EEIE RS (CC-DHCR), HEH4IMEIEIE A3~AL 28], BBy
n#vEEH, HHRARZE y - a - p HE, GIERIESHL, SHEMEE S, @, w5
HAIN, TR R = A AU [4] [5] [6]s 2) BEHIMEEFLHI(CC-HCR), EHIMEEE AL LR (&
T 400°C), FEIARTE AR HATE R BT ORI, A EE IR G 5LH, (A7EA ML R 28 5=

Ry, SHBEBREEHFEE X,

51 R TS B PR AT PR 7] (N SCETRR E AN ) A 72 15 A & 49 (A36-CU) B SR A #uk T2, (HAE
FLAHEFE R 7R G P GRG0 T B RS AR P AR R . RSO A A S, R A
B &R ARG T2 RGO AT, PRI RMEELG 45 T 2S5 KA
2. PELRIMEEESWMRNESTE

A36-CU WL T ZH AN : BOKBIR(KR) — TUREWE)(BOF) — HIMHHRIR(LF) — ERME
Fe B 5L (CC-DHCR). =& RAIH ML LF RS T2, SRR HIfE 1.1~15 m/min, #5230 *
(1500~2000) mm, JnF iR £ 1220°C, n#A1A] 180~300 min, JFALIEE 1100°C, ¥ 5L F4LIEE 920°C,
LR 630°C. 7= 5 I R B E B 0 R AR L.

Table 1. Chemical composition of A36-CU steel, wt%
= 1. A36-CU $RFLEFERR ST, Wit%

C Si Mn P S Cu Als

0.14~0.17 0.10~0.30 0.25~0.40 <0.030 <0.015 0.25~0.35 0.006~0.045

3. RERPEFMAFEFRRFLENIFFR

IS RELE LR AT ARG, BRIRFLE S 7E R R 5 48 IV 4 2 R BR A 3EAT 704, FAELAN
WRIRIBSOESIRE R “H 7 RRL, RYUPEREA—, HEaERwE 1R,

T I 0] 2 R AU A RGNS R B AT Ge vt oA, S5 RWE 2 Bos . AW IR T 650°CHY,
KRR DFLHNAE P AL s iE . MR E BT &, RGURAZRPOEIE N, S8 R R T
690°CIN, HRIUKEFIEF] 15.8%.

[, RER T RESUR AR FNK A AT Gt /b, 55078 3 s, WRHATLLE H, AN R
FERT 650°CHY, MHKH[SIE EAT 0.012%H0, RAUKAEZRN 12.5%, MK F[N]E & KT 0.007%
B, ROUKAEZFEN 17%.
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X: 123.51 mm, Y: 0.00 mm
Length: 123.51 mm

X: 194.24 mm, Y: 0.00 mm
Length: 194.24 mm

Figure 1. Macro morphology of surface cracks in hot rolled steel plate
1. HELMRRE LR SR

Table 2. Occurrence rate of surface crack of steel coil with different furnace temperature

® 2. FRIANFEERNERERULER

RN RTIREE, C FLHIRAG UL, %
<450 0
451~650 0
651~690 39
>690 15.8

Table 3. Occurrence rate of surface crack of steel coil caused by chemical composition

3. WK, REEMNERARLKER

AR & FIp iR FLEIRGREUR A LB, %
>0.012% >650 125

RS E FLEIRGREUR A LB, %
>0.007% >650 17

4. SARZRGUERPERM 57 4

X ELARL GRS AL AT BURE 0 AT . SRR D BIVIBCREUARE, 24T Mok, B, 45
Pk 2455 (DM6000) . F3 FLAE AT BE 1% 20 HT (SEM-EDX, ZEISS-MERLIN), W82 80 b (4L 2R TE 3,
g B 2. E 3 Fios.

M 2 T DUE H, SR R BRI ER e, RSt SRR, RSV AR S
M—E I bz, REE W T T2

100 um

Figure 2. Micro morphology of surface cracks in hot rolled steel plate
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Figure 3. Results of SEM-EDX
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ME 3 AT A, REUMFEAE KRB AL, L& Cu e RN EESE . SRR R R+,
KAERIEMN, TERIETHAEN, SBURTEE. WARERRENITH AR, Al R e
WG AR TSR AT H A 584k 7] [8]

KB X R AU AT N BEAT I 0 A, SR 4 BoR. MREE 2 Hr i RORE T ) 20N
TiN AT AIN, Jf H 700°CHr th & 2 HAPBRSBOR . IXSRAH/INIIHT H 47050 LR s T 7 22 PR R AT BOR I
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Figure 4. Results of SEM-EDX of precipitates from hot rolled slab at 550°C, 700°C and 850°C
[ 4.550°C\ 700°C#A 850°C N kP ARIL AL SNAR AT LE 472 SR AN RETE 3 4
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2 A P X LR R TR HE NI R BRER MORs e 2 P B R A K2 b i s 0 A i L
BTN AR RE, Prit RSO, ML RE P 2 52 BN KT 5 S AR BRI, 2 AR 4N A
RITRATFRIR (W] 5 FiR).

Figure 5. Morphology of crack along grain boundary
El 5 REUERATER

5. TZ45#h

XA AE PR B, MIRIEATELE T2 380 T T 450, WRIERARIIEE > 690°CAH 25 Bl
A AS R FE B AN R T B . TN EEH L TR ZE S5
1) NPREREM. da81) Q) n 5 2R ) Arg 2145 866°C, Ac, Z1°H 704°C, TIRIEZL Ary
=Ac; —50°C =654C.
Ar, ('C) =910 -209.5C —122.6Mn + 78.5Si + 287.5Nb —80Mo —15Cr + 700P (1)

Ac, (C) =723-10.7Mn —16.9Ni + 29.1Si +16.9Cr + 290As + 6.38W 2

ANIFIRERT 690°CHE, B IRAMLULT y + o WA X - FERAE R AN RE P A GBI 2IL T p-00 HHAZ,
MAEIN IR P RGO A amy FHAZ, JTALA A AR R B IR AR kL, SR 2 AHAR AL
1 B ERAAR foRE, X N PR HL IR AH AT 5] B b P BAREOR . T2 2E 7 2R v A B S 3 R
MR R AL T y-a AL, FROOINANE] 1200 CHEATELHINS, X2 T —IR a-y AL, —URAHARAETTAL
AV R AN R 22, xR L ) S AL O AN 500 (AL, B R R R S R AL 2 7 Bk R
PRI, RPN AR HIE Arp iR FE DL

2) WKBAT IR . [SITTER R AEE THESPIK T, BT LA, 2Ll FeS R FET
[ &N H[9] [10]. FeS AAAET&h A, SHEMASIRANENE. RN QRN RS R, B2 A s mUE IR
(f) Fe + FeS + FeO =AH3LahtAh. Frll, ANUKHZEMARLF, FINE S8 H K, KOV 2R A
NRTHERMEEE S, WP RS EE N MnS, &5 T FeS HITE. MnS fI#E fim, i N —E
2B

EERE AR AN AR N SN RS RTINS, AT R [NT s A 2 S [AA ™ AIN, T AIN
Hrth IR REZ04E 850°C, AIN At S BURIEEEMEI FRAK, 4R AIN 35 B IRAR & Tt 2ER T AR
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3) InFAIE EERIN A (Bl AR X S RN R T ) IS R — e s . IR T A, AN
FIEACFERE IR, RIEEAZEERE N, FF7EERI[11] [12] [13], MPGEFEMLT 1100°CH, RILAIHE
JE£ Tt 0 FAGHR P T v i N 22, SR A sk i o S SR TR 5 TR AT, SR TR R I s L P 7 1100~1200°C
B, SETERR P Y B0 BRI N, SRR T, S D AR R T g s
IS 1200°C &, BT i A ) S AR s AR B DL AR AT YEBUIRI & S o SRR R 5 8L 2 S S 2,
BEL Lk 7 S S B R T R, R A 5 4R A J2 T Ak i A SR I S X 33 ) 5 B AT A 2 SRR R . [RJENF,
B[] AR IR S A — S RIS

6. &

1) SHMKESNHEIRHLN SR T ARV, fERKT 700 CHREER, MIIHLN y-o BAHE
HHL, BOGERERN SRS, SRR

2) AK[S]. [Nl , AHDCHIBT M 5 oA, 5940 T S AR08, B0 1 = AR U .

3) R IR AR FEE AN A B[] oF 25 A e B %L B R 2 T 2R 0 B S PR 52

4) @ PR EAR IR AR /N T 650°C | 4K [S] & &=/ T 0.012%. [N] & &N T 0.0070%)5 »
MR A SR R AR R R .
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