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Influence of Rolling Reduction on Interfacial Bonding Performance of Carbon
Steel/Stainless Steel Clad Plate
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(1. State Key Laboratory of Refractories and Metallurgy, Wuhan University of Science and Technology,
Wuhan 430081, China; 2. R&.D Center of Wuhan Yiye Steel Structure Co., Ltd., Wuhan 430083, China)

Abstract: Q235 carbon steel/304 stainless steel clad plate was fabricated by non-vacuum rolling asymmetric
billet with different total reductions (28% —70%). The microstructure, inclusion morphology, hardness and shear
strength at interfaces of the clad plate were studied, and the competitive effects of inclusion and decarburization layer
on the interface bonding strength were discussed. The results show that with increasing total rolling reduction, the
inclusions at the interface of the clad plate changed from concentrated lump to uniform granular. When the total
rolling reduction increased from 28% to 47%, the interface inclusion was the main factor affecting the bonding
strength; increasing the rolling reduction was beneficial to improve the interface bonding strength. When the rolling
reduction increased from 47% to 70%. the grain size on stainless steel sides decreased sharply, the thickness of
decarburization layer at carbon steel side increased, and the interface bonding strength decreased; the
decarburization layer become the dominant factor affecting the bonding strength. The competitive effects of interface
inclusions and decarburization layers on bonding strength could be balanced by controlling the rolling reduction
reasonably.

Key words: carbon steel/stainless steel clad plate; rolling reduction; interfacial inclusion; decarburization

layer; bonding strength
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Fig.1 Form of billet assembly of clad plate
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Table 1 Chemical composition of Q235 carbon steel and
304 stainless steel %
[t 53 5K
SS Mn Cr Ni Co Al P S

B

Q235 BN 0.17 0.3 0.4 0.045 0.05

304 N5 0.08 0.36 1.19 16.8 7.61 0.28 8.9 0.031 0.03
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Table 2 Rolling process parameters of clad plate
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Fig.2 Morphology of interface inclusion of clad plate by rolling with

different total reductions
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Fig.3 Interface inclusion size of clad plate by rolling with different

rolling reductions
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Table 3 EDS analysis results of interface inclusions of clad

plate by rolling with different total rolling reductions

R JEF 535 %

TEYS Fe Cr Ni Mn Si 0 C
28 2317 867 263 0.16  —  56.67 8.80
37 2648 7.4  2.82 @ — —  55.66  7.60
47 33.33 849  — 2281 2218 7.29 @ —

59 33.33  8.49 - 27.71 20.51  8.30 -

70 28.01  8.58 3.07 - - 54.88  5.46
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Fig.4 Element linear scanning results of interface of clad plate by rolling with different total rolling reductions
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Fig.5 Microstructures near interface of clad plate by rolling with different total rolling reductions
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Fig.6 Hardness distribution curves near interface of clad plate

by rolling with different total rolling reductions
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Fig.7 Interface bonding strength of clad plate by rolling with

different total rolling reductions

Bl L T R A, &8 N I3 K, AR A
WA AR RE T 0 L AR AT B 22 L & i & A B AT
Sh 5 AR RS BN 5 R A0k S B0 A If g
Fhm BRI o REAMANIFHEL TR
SEAIE R AL A BB AL e 2 ET FLAE A
— A R R IR 4 R A AL e i
TCRY WU AR AL ST BR B4 A IR AR
A S 0 T ANER AN L 78 SIEL st 5 T B 30T Bk G 26 10 vk
B EEVE T AN 5K 47 0 ik 59 00 92 Bl o e 2k 2%
TR)Z AL B BRZ S . BE BE TR
TG AN tobr RO /N S 3 A 22 i i
PEERAL TP EGE I, AR T I S YR
AW I 2 5L R R A 70 % i Bk 2 R
JEIRH] 50 pm. BEFE FLHE T 30938 I, A M 1Y
AR AR BN A /NS 5] R TSR B A 9% 55 24
IR 1A (L b FEE A 08 R T Ui/ N ) S g
HAK, RS TR 22, 4 B P AR BE e
UEBR AR S R IN 25 5 . FR UL T 0, RS/
At RN T A B MR 23 T B, 340 75 4 4
FINAZY R, g5 L ELHRE TR E T 47X,
025 W 5 1T 3 e A AU 5 e 2 A D B2 9 U2 Bl
LSS A B A 0 2 R 2R it e L R R
KT A7 Yom}, S 2 M AR A 2 T 8RB A A IfT
SEA R RRARM F RN, FLHEE R R A 47%
B s MBS PRS2 I 358 /DN o 3 T S 23 ) 1) 53 Wi sk 555 » 8
A A A AL 45 A PERE R
2.6 3TETLIET OFER A RN

HIFEl 8 TT LA Y 5L SR T 3k 37 00T,
W 1R X T 4 ST ) B IR 0, A D i ik

23



ML EHH %

MATERIALS FOR MECHANICAL ENGINEERING ¥

Rk SR T R8N/ RE M I BT m Sk e ¥ on

FERTANGEANO b T 0 R AN B S e A
Ytk B 3 SR B R R B DI B S B S 7E R
255 A WL AL SR T 3o A7, W 5
SEE PN 8 A AT MR AT AR 307 i W 40,
T T 1] A 0 P 5 i 2% DX IR A i 3 L i) B

(a) 37%

(b) 47%

TARAYRER L S A A e 2 My 4 vh 3 A1 ) BOIR
78 S Y ST 48 50 3 A1 B OREAR BT Ak 19 10 ) B
BB/ o PRI 525 A S 2 I T it S Ak W 2 5 2 L
JETRARIK ] 70 Yo o By FURE X 52 5 SR F B
AT 0., W A7 58 4 or TR AN ML A=

500 pm

(c) 70%

8 ARASETHRIHNEIESWSTIALE /R ORR

Fig.8 Fracture morphology of clad plate by rolling with different total rolling reductions after shear tests
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