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Influence of final rolling temperature on microstructure and
properties of stainless steel/carbon steel clad plate
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Abstract: This paper focuses on the problems of uncoordinated microstructure in each layer and difficult
control of interfacial microstructure during the hot roll-bonding process of 3161 stainless steel and Q370qE
carbon steel. The influence of the final rolling temperature on the microstructure and properties of the
stainless steel clad plate is investigated. The microstructure of the clad plate is analyzed by metallographic
microscope, scanning electron microscope, transmission electron microscope, and energy dispersive
spectrometer. The mechanical properties are performed based on the interface tension-shear and tensile
tests. The results show that the higher the final rolling temperature, the larger the thickness of the
decarburization layer and carburization layer in the interface area of the clad plate, while the diffusion
distance of Cr and Ni elements first increases and then decreases. When the final rolling temperature is
840 °C, the carbon steel layer is composed of proeutectoid ferrite, bainite, and sorbite, and the stainless
steel layer is composed of austenite with several fine recrystallized grains. The thickness of the
decarburization layer is 40 pm, and the thickness of the carburization layer is 35 pm. With the increase of
the final rolling temperature, the interface tension-shear strength of the clad plate first increases and then
decreases, while the yield strength and tensile strength both increase, and the increase rate slows down at
high temperatures. The tension-shear fracture position of the clad plate is located in the decarburization
layer of the carbon steel, and the fracture morphology of tensile shows interface delamination. Therefore,
the clad plate final rolled at 840 °C achieves the best mechanical performance, with the interface tension-
shear strength of 339 MPa, the yield strength of 497 MPa, the tensile strength of 594 MPa, and the
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elongation after fracture of 18.6% , respectively.

Key words: stainless steel clad plate; final rolling temperature ; interface ;diffusion; mechanical property

B B 1 2E 2 0 Tk i & J , m ik RE A A 44 R
AN /A Z A T R IEEAWIE . ANFEIHS
fi 205 T8 W )2 R 55 6 bR BE A% I 2 A0 e A9 1
T AL P R o M R A e B R 8 5 il 20 BB 1Y PR
il W N TR TR AR A AR
LS A AR HT, NS Gt ) o Al R R
PR NE R TN AL 2 63 s B & 2 SR
A R AOE f=E & B RSH RS Esifb A s b
JE v B A E R A R AN N R
el REREE TR P =R Y RS BUE S =R/ € K|
JE N ] AU SE LA [ IR A A . NSk
BTE RSy LG5 1 2# PR RE Oy A7 AE 3 22 5%, 44
LB 38 Z M8 W J2 R 2 A P28 2 77 A iy D
BT, 5 BUR A OY R 08 AN 8] DX 38K, 49 3910 Sk e 0 3
JZ AN AT X A BT AN AR A T U DX
NEMBR . &35 2H S BE 2 EL T 252 i)
2 IR BRI IEL A G B b i 2 2
BL, ABGE A& G rERE o SLHNR R AL
HAESBTHELE T 2S5 — , HXHRER A R R
St AHAR G ZURN g 24 BRI A R R, O B A
HHERe R BB B R o RS R B, 304/
Q345R BALIE K il 25 B2 A RS T ¥4 R 2
AR, 252 LA EE R, N5 it i (] )65 1ok 1 g
RA4F, APl b s i oy 2 . AELIEEE
e GG ICR YR, M R A AT R W E
AR, DR R P &S A . TSR
B, B L A AR HE T 304 NS AN/ BRA 1 5 TR A
FoTRY W P25 72 A S 0 5y )i B (0 s A
BN i L7 A A ML, Co BB AL A . An 255 B
58 1 EL R X 304/Q235 & A M 4 4L BE 1 R Wi
R IR LR T, R XA ST R R
PEHE T SR 454 B TR R LS A T RS
FB AN AR A, 1 S RS B A e B
B o 2L I 3 A 52 ) o T U DX R R 43 3
A1k SR EESEIE ST & B, 2205/Q345C B A UZ AR
i THT DX 1 e S22 R i 2 T 47 I 4 L ek 1) 1
AT, 220540 1 Y Cr NI T 18] Q345C F4 i 2™
B, A T B B 3 B 2 LR R 0 T R, Y
ZELIR B R 950~1100 “CHY , B A WA 25 A B4
Jin ZER F DEFORM A R o4k 4%} 3161/ Q345R A~
B AR Z B R ELH A BT TR, Ny T

T 235 A5 10 TF 28 J0 40 A ol R SE IR 2, S AL R
1150 °C K R Rt 50% if, AR T i i 2
A .

LA 3 TR ) A8 T R R T s R R A A R
() AL ZUPERE = A F LS, BRI 22 46, BLIE V& 20 B B
AR AR AT R S 5L AR RS A H VKR . &
Jo S HEFT T 316/ Q345R AN AN A A AR HVEL i £
TAWF5E , AEAELIRIE N 1000~1050 °C FLIS L7 °C/s
RS EI 2 450 CUA T E SR G LT, Q345R TE
BT 8RR RN DL CARIR A 20, R 45 G ok B = T
350 MPa, 4 %5 5 B L, Ho25 #A 4L 3161/
Q345R & A A AL FRET , AR MAT H Cr Ak L)
WL, Zad @Ry AR Z R A )5 |, Cr & AR
7 ELRR SLAATE B D TG AR, &2 M 07 2 1k R R o
PEREHE B . BESE R, NS 4N/ B SN AE [ A8 2 A i
HEE R X A B I AR R RE R A B OCE
R AN A AR S AR AL
A PN DM AL 5 ALV
I OEALEL I T2 S50, [R5 52 0 A0 1 ot Ak 5 SR P B
AL ARG A W PERE A Y DG

Bt 2 A0 A i L R R R Tz B T B
AN /B AR AL B A R IR B X A A A T
FARHAVERE M ZE G, BT IGLE G T 20
TR 1, 4 B A AR A = AR N i M e A T
F-Br . A2 F S H 5 SR 2250 T R AR AT
FEE K22 5, ELIR B X BR A R 5N SRR
B FTHT ALV AR 1 5 W AL AT AS 08 IR (AN 5
025 W B 2L P B L S ST FTAS s ok . IR
AR TAEEN XA BN E A A B2 Ll T IF R
SERAIE Y ) A U L SEM TEM #1 EDS 43 #r
R TR AT AN ST E A IR 1A b ] R F W Ry e
PERE , BF 78 A HL IR E (800,840,880 °C) Xt & At it 1
SR SRR R sE R IR R B G i P w2
ZUPERe I R ATk

1 SLEHBEEZE

1.1 EImsrsl

NI A MR 32 AR A B Q370qE , & B
(3240.2) mm, B 24 B A8 3161, JR
(10£0.1) mm, ZFFRr nEE 1FR.



o4 3 AL EXT A A/ B A B AU PR RE R R 183
®1 FAENEAGWAUERS (RESE/%)
Table 1  Chemical compositions of stainless steel clad plate (mass fraction/ %)
Material C Si Mn P S Ni Cr Nb Ti Mo N Fe
Q370qE 0.15 0.22 1.39 0.01 0.0033 0.12 0.11 0.017 0.013 0 0 Bal.
316L 0.025 0.55 1.35 0.0333 0.0034 10.03 16.91 0 0 2.02 0.015 Bal.
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Fig.1 Schematic diagram of billet assembly and rolling of stainless steel clad plate
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Fig.2 Microstructures of carbon steel side( 1) and stainless steel side(2) in interface zone of stainless steel clad plate at different final rolling temperatures
(a)800 °C; (b)840 °C;(c)880 °C
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Fig.3 EDS line scanning results in interface zone of stainless steel clad plate at different final rolling temperatures
(a)800 °C; (b)840 °C;(c)880 °C
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Fig.4 TEM images of interface zone of stainless steel clad plate at different final rolling temperatures
(a)800 °C;(h)880°C
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(a)800 °C; (b)840 °C;(c)880 °C
Fig.5 Microstructures of carbon steel substrate(1) and stainless steel substrate(2) in stainless steel clad plate at different final rolling temperatures
(a)800 °C; (b)840 °C;(c)880 °C
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Table 2 Interfacial tension-shear properties of stainless steel

clad plate at different final rolling temperatures

Final rolling Tension-shear .
5 Fracture position
temperature/°C strength/MPa
800 310 Composite interface
840 339 Carbon steel decarburization layer
880 304 Carbon steel decarburization layer
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Fig.6 Morphologies of carbon steel side(1) and stainless steel side(2) in interface tension-shear

fracture of stainless steel clad plate at different final rolling temperatures
(a)800 °C; (b)840 “C;(c)880 °C
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(a)Q370qE; (b)316L
Fig.7 Microstructures of interface tension-shear fracture of stainless steel clad plate with 800 °C final rolling temperature
(a)Q370qE; (b)316L
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Table 3 Main element content on interface tension-shear
fracture of stainless steel clad plate with 800 °C final rolling

temperature(mass fraction/ %)

Point Cr Fe Ni Mo
1 10.70 78.53 8.56 2.21
2 2.79 97.21

3 15.94 73.81 8.62 1.63
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Table 4 Tensile mechanical properties of stainless steel clad

plate at different final rolling temperatures

Final rolling  Yield Tensile Elongation Yield-to-
temperature/  strength/  strength/  after strength
C MPa MPa fracture/ % ratio

800 427 574 19.8 0.82

840 497 594 18.6 0.84

880 523 611 16.0 0.86
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(a)800 °C; (b)840 °C;(c)880 °C
Fig.8 Tensile fracture morphologies of stainless steel clad plate at different final rolling temperatures
(a)800 °C; (b)840 ‘C;(¢)880 °C
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