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Study on Edge Defects of Rolling 304L Stainless Steel
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Abstract Vertical continuous casting is used to produce 304L stainless steel in a domestic plant,but edge cracks are
easy to form in the rolling process. By means of chemical composition analysis, microstructural observation,energy spectrum
analysis and high temperature mechanical properties testing, the structure fracture morphology and inclusions at the edge
cracks of steel were studied. The results show that the structure of hot rolled 304L plate is austenite and ferrite. The crack
passes through the two-phase structure and results in the compression deformation of the structure. The Ca0-Si0,-Al,0,-
MgO composite inclusions are contained and the inclusions contain Na and K elements. Finally,it is found that the mould
powder entrapped in the production process is the cause of edge cracks in hot rolling plate.

Material Index 304L Stainless Steel,Edge Crack ,Mould Powder

304 L(022Cr19Nil0) B—Fr B KRAEREN, B
A RAFROEITE BV TR b, R IR T B95R BE AT
BAB R R, B FRF CARET
0.03% , (R ILAE#H 15 B 45T RO TL & IR B8 kb B
304L G540 X HLA S 1 BB AR T B R T B R Dk o
O [ BRI OBk b KRBT R T A B SRR R
FR AT P I SRR S

BRI R AL E R 4™ 3041 AEM, (B
PR RN R A LA B, X FL A A R
FEETERKEMW, 304L AERBUNHREE
5 R DR 55 R R B ik T 2 L AR B R
BEERLHFE ™, %F 00Cr19Ni10 R MM
IR P TN R HIK B 00Cr19Nil0 FEE A 5
LARERL M EEFERRBEE R B R
Yo MOREURAFLIEREGE . s &

#BiRMEE . E

REBIFEX 304 AEMRBHEREF, X
REA/GREREFR, MARP s R AER
KEB SRS RAMKEZ BFFEMRHE: &
RGP, B K

1 RB#HES5HEE

BRIGHRL Sy 3041 4% v A B LR, R A
PERKINE 7300DV R BHE& S8 THRRT K 46E
X(ICP) R B AT b2 oy . B
BAringE 1 i, HAR#E GB/T 34915-2017 7%,
304L REEWF= i RO A ER BERERIAE
FLESHMR2 Fiw.

Bl 1R 304L REENITFRBELR I E WIS, 7T
PAR ) 304L LRI R 8, BFER, FTRED
EROR, MR IR A r B AR TE MR R, BT

%, #d%, Lk K FMHEAFE T2 %%, E-mail : bowang@ shu. edu. cn



.24 - L5273

40 %

PRI D MER AR, BEA N B ET
REVEARAFBREARUN BB, EEEHER
FRIETE LSBT , REEFL AR A FE 40 mm FEE A,
HEOEEL BT MR, AR AR, IR 5
FET5 1), S 00 5 B o 1413 1) $A 5L AR PO U3 BT 2B /Do
FEUNLRFEANFAR, EEXE 15 mn,

FH Gleeble-3500C #EHALRIEHLNT 304L #FF T
BEERAT L, L m AT F G ELFI 7
M. hrf iR BEHEE F 50 C, i B X /] 7 900 ~
1300 C, ZEFESHEP T, LA 10 C/s WFHEE R
BRI ZE 1 300 CARIB 5 min J5FFHREES
2,04 1.65 C/s B2 il iR FEHFIB 3 min, £F
REERIMNEESS)E, LS x 10 7%s ™" By 7 28 3 %5
TP EE RN, I SU-1510 BiT#4 B E
(SEM) J: 8B (EDS) Xa‘%“rmfzﬁ%uﬁszé}i&ﬁﬁ
¥io

X e R A MHE R AL AT BRI e, R A
Fi SU-1510 84T 2213 # i 53 (SEM) MR R il e
SERERBEER, 3 F 6B (EDS) 2 Hr s
FREE AT RS o I BB P L FR AR o (R
&4 8V ,10% f)REBR B AR, JE PR [R] S 5 ~ 10 s)

J& , ¥ 73 DMI3000M <& 48 B i B W 5K R 8 B Ho Bt
HIR, G55 8B L (EDS) X B ik e Ze Wy 47 L 53
Vi

2 HBRERSSH

2.1 Wi _

B 2(a)R 304L AENUTEK LR, TLIEE
M 1000 ~1 200 °C,304L A454R i b T e 45 2R 7 M
BRo 1200~1300 CHEWLEREHT L/, KH
4L AN B IR EE, B2(b) R
304L RGN AN M 2R, A AT LAE Hi,304L R
S DT T B R PR 5 B 5 I IR B # S A B
REf, RARE SR HFENERBERE, 7900 ~
1050 °C, J& AR 58 B #0 50 S 58 B PR IR B4R, 7
1 050 C,JB ARS8 B S Hi PR B4 540 MPa, X4iE
BEARTF 1200 C,/BIRRE/NT 25 MPa, HLhagk B/
F30 MPa, HE KB H VR, RUFSKRERE KT
1200 Cof, #ILS REN B2, B REBHERE,
HMFBHLWT=4, : '

&l 3 & 304L AWM O _ LRy s PHER,
MESRT BB, 78 3041 RGN O L s i
FEERZY, BIBMK/PL4HN 40 pm,
EDS Bt RA K EFEEH 0.AL S,
Ca.K.Na ST# (% 3), Bl 3 Ca0-Si0,-

ALO, EEREY, i K. Na TR EMEN
R B E T RAEAE T R hY

%1 RBRLERD %
Table 1 Chemical composition of test steel /%
WA Cr N Ma S C  Cu_ Co P
AFE  18.59 9.18 093 0.27 0.021 0.09 0.063 0.01
249150017 ’gboooo” 91'20005 <2.00 <1.00 <0.030 <1.00 <0.10 <0.030
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Table 2 Production process parameters of hot rolled plate
in continuous casting of steel 3041
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(m-min~t) SREC KOEH g )/ (mmx mm)
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Fig.1 (a) Surface morphology of cracked hot rolled 304L plate

(b) Section morphology of cracked hot rolled 304L plate
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Fig.2 (a) Reduction of area of 304L stainless steel (b) Stress-strain curve of 304L stainless steel
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Table 3 Composition of inclusions at fracture ( atomic
fraction) /%
Xi# O Al S Ca Na K C Fe Ni
HEE 1 51.43 14.28 14.01 11.72 6.11 2.45 - - -

%2 52.08 16.14 12.49 11.81 5.31 2.17 - - -
%K 3 52.28 - - - - - 11.06 33.07 3.59
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Fig.3 Spot scan image of inclusion at the fracture “V"ER, ERLNREIE KBRBISIR I 2
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Fig.4 (a) Surface crack morphology of cracked hot rolled 304L plate (b) Mor- 7 6 7 304L RNEMAUAA LI
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Fig.5 (a) Section crack morphology of cracked hot rolled 304L plate (b) Spot scan im-
age and morphology of the section crack tip
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Table 4 Spot scan compositions of the crack tip ( mass

fraction) /%
Xif O Al Si Cl K Ca Cr Fe Ni
HEE110.34 3.48 - - 1.54 - 22.38 60.32 1.93

A 260.9213.03 7.06 5.26 4.91 8.82 - - -
#4PE 330.29 6.58 7.90 4.68 - 19.5529.45 1.55
WEs - - - = - 26.1968.89 4.91
WES - - — 25.58 71.06 3.37
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Fig.7 Spot scan image inside the crack
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Table 5 Spot scan composition inside crack ( mass frac-
tion) /%

XI5}, C Si Cr Mn Fe Ni
EE1 - - - 25.75 - 67.69 4.93
B 2 - - 0.69 23.52 - 68.99 6.81
EE3 - 27.94 1.37 40.32 2.40 25.48 2.49
H®E4 79.26 20.74 - - - - -
EES - 27.21 = 1.92  1.72 66.73 2.43
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