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Effect of final rolling temperature on interfacial microstructure and
mechanical properties of 2205/Q345C steel clad plate

Zhang Yongjian', Chen Junhong' , Chen Zhen', Wang Jiaojiao' , Hui Weijun', Wang Xiaoyong”, Yang Jianwei’
(1. School of Mechanical, Electronic and Control Engineering, Beijing Jiaotong University, Beijing 100044, China;
2. Research Institute of Technology, Shougang Group Corporation, Beijing 100043, China)
Abstract . Effect of final rolling temperature on the interface microstructure, element diffusion, hardness distribution and shear strength of
2205/Q0345C clad steel plates prepared by vacuum hot rolling method were studied. The results show that the interface of the clad plates are
all well bonded when the final rolling temperature is in the range of 950-1100 °C , which is composed of ferrite + pearlite at the Q345C steel
ferrite at the 2205 steel side. Near the interface of clad plate, the C atoms diffuses from Q345C steel into 2205 steel,

causing a decarburized layer formed in Q345C steel, while a “carburized layer” formed in 2205 steel, and the thicknesses of both the

side and austenite +

decarburized layer and “carburized layer” increase with the increase of the final rolling temperature. Meanwhile, the Cr and Ni atoms diffuse
continuously from Q345C steel into 2205 steel, and the diffusion distance of Cr atoms is greater than that of Ni atoms. With the increase of
the final rolling temperature, the diffusion distances of Cr atoms and Ni atoms increase. Also with the increase of the final rolling
temperature , the hardness of the clad plate changes little, and the hardness of 2205 steel near the interface is the highest while that of Q345C
steel is the lowest. At the same time, the interfacial shear strength of the clad plates decreases, but all of them are greater than 420 MPa,
which conforms to the requirement of shear strength =210 MPa in the standard of GB/T 8165—2008 Stainless Steel Clad Plates and Strips.
In conclusion, when the final rolling temperature is in the range of 950-1100 “C, the 2205/Q345C clad plates can obtain good mechanical
properties.
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Table 1 Chemical composition of the 2205 and Q345C steel ( mass fraction, % )

Material  C Si Mn P S Ni Cr Cu Mo Vv Nb Al Ti
2205 0,026 0.55 1.02 0.017  0.003 5.65 22.97 <0.01 3.09 — — == —
Q345C <0.2 <0.55 <1.70 <0.035 <0.035 —_ — = — 0.02~0.15 0.015~0.06 >0.015 0.02~0.20
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Fig. 1 Schematic diagram of the 2205/Q345C clad plates

vacuum symmetrical assembly billet
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Fig.2 Schematic diagram of hot rolling process
for the 2205/Q345C clad plates
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Fig.3 Interface microstructure of the 2205/Q345C clad plates under different final rolling temperatures
(a,d) 950 C; (b,e) 1050 C; (c,f) 1100 C
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Fig.4 Element distribution at the interface in 2205/0345C
clad plates under different final rolling temperatures
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Fig.5 Diffusion distance of Cr and Ni atoms near the interface
in 2205/Q345C clad plates under different final

rolling temperatures
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Fig.6 Hardness distribution of the 2205/0Q345C clad
plates under different final rolling temperatures
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Fig.8 Shear fracture morphologies of the 2205/Q345C clad plates with different final rolling temperatures
(a) 950 C; (b) 1050 C; (e) 1100 C

QiR P ads , BEZ SRR T R, B2 M A T R OO A Ak
JEIRBESE I AL (LB 3) K A T 25 5 R
R A1, BT 3B A AR A T BT D13 BERRAR . — Ak,
MW R, A0S 20 AR TR iR, AT
P A oA , 25 LIRLE T e 5 5 B S U X T AR L,
B2 S0 2T T AR B RE Bt R I, e 2 S BUM R0
FEAI

3 %

1) &HLIEBEH 950 ~ 1100 °C B 2205/Q345C &
AR R OB A A R, )2 Q345C HIMR
NEREE + OGR4, 52 2205 DA H 0 B
FOUR + SRR AR 2L, ol 1 A4 R 4L ) 2k 2 o 5 v
VLR AEJCR W B/, 5 BOR T BT Q345C N B
BB 2 |, T 2205 SNMTE B )2, H &
YIREZHL I BE B T G . YA ELEE R 950 ~
1100 CH}, a2 R BN 30 ~50 pm, “ B k)2 "
450 ~70 pm,

2) fem#AELH R, 2205/Q345C AR
I &4 T 6 40 ER I B #2205 404 Y Cr Ni
JUE ] Q345C W k4T T LY 8, H Cr B F¥ i
AR ZURRRE & T Ni i, Bt R 5LIR P 1Y T, Cry
Ni JEF 99 HE B 88, B Cr JE A B 25 K T Ni
JAFo MLELIRE H 950 ~ 1100 °C 1}, Cr JE T4 s
B0 48 ~105 pum , Ni JFFH4 HEPE B 4 27 ~64 um,

3) EA MY 2205 AFEN A E B E ST
Q345C (k& 4 9 ; 76 A 1 B3l , 52 )2 2205 ANEE Y
R de e, TR )2 Q345 C KA 4 BN A B B i B (1%, HL

Wt 5 A v B O 8 o T 0 Tk R AR K
o AELHREEAE 950 ~ 1100 C Z [H] A2 4L, & AR
HAER B 4 B9 RS B 9 1 RS % T T 22 )5 2
LR K7 950 1050 1 1100 °C i} Q345C A fr) -2
B 18 43 5 R 167.4 (1753 [174.5 HV,2205 Al 43 51
4 264.1,277.0.,279.0 HV,

4) Bt A ELIEBE I N, 2205/Q345C & A MR
Fr Iy )5 BEREAIG; MAELIRBE i 950 “CHHm ] 1100 °C
i, S 1T 99 U5 3 ¢h 442 MPa | [ 25 420 MPa, {H{))
SRIF GB/T 8165—2008 AN MR S AR AN ) h iy
DI5RE =210 MPa 2R, 2205/Q345C & &5 M i) Y
DI B AR REGE R X MR QY R X, H R A&
SLIGSE (9 i ZRECR X B

B3k

(1] SFK, A, X1 B, 2. FRukad e ot & s v i Hh iy
MM, JbET: e Tl A, 2012.

[2] Wang S, Liu B X, Chen C X, et al. Microstructure, mechanical
properties and interface bonding mechanism of hot-rolled stainless steel
clad plates at different rolling reduction ratios[ J]. Journal of Alloys and
Compounds, 2018, 766. 517-526.

[3] Liu B X, Yin F X, Dai X L, et al. The tensile behaviors and fracture
characteristics of stainless steel clad plates with different interfacial
status [ J ]. Materials Science and Engineering A, 2017, 679:
172-182.

[4] @B, WhRE, BEEH. & T %X 3161L/EHA0 54t At i oW

s [T]. BEk, 2019, 54(12) : 62-69.
Jin Herong, Han Minfeng, Duan Changxin. Effect of reduction rates on
interfacial microstructure morphologies of 3161./EH40 clad plate [ ] ].
Iron and Steel, 2019, 54(12) . 62-69.

[5] XA, gkapie. A TR] 50 T 200 AN 85 4 5 5 AR L ] f) 32 il



7

GROK AR, 5 - A FLIR BE XS 2205/Q345C 5243 45 S 11 2H 23 11 7 2 R ) S i 113

WHFELI]. FEIEH, 2019, 25(6) : 59.

Liu Lixiang, Zhang Xueling. Effects of different composite slab bonding
processes on stainless steel clad plate rolling[ J]. Wide and Heavy
Plate, 2019, 25(6): 59.

[6] EHM, skertty, fHB7E, % E TR ABERNESRAL S
PERERIF R[], 4R AAbFE, 2016, 41(9) : 103-106.

Wang Zepeng, Zhang Hongmei, Fu Kuijun, et al. Effect of reduction
ratio on microstructure and properties of hot-rolled stainless steel clad
plate[ J]. Heat Treatment of Metals, 2016, 41(9) : 103-106.
(7] &R, 2k, Ak, % EaWAELH E T R BRNALR A
BRI )] MORHALL AR, 2014, 35(3) : 149-153.
Huang Qingxue, Li Haibin, Zhou Cunlong, et al. Effect of reduction
rate on microstructure and transformation behavior of carbon steel by
rolling clad plate [ ] ]. Transactions of Materials and Heat Treatment,
2014, 35(3) . 149-153.
[8] Liu B X, Wang S, Fang W, et al. Microstructure and mechanical
properties of hot rolled stainless steel clad plate by heat treatment[ ] ].
Materials Chemistry and Physics, 2018, 216 460-467.
(9] TR, HFR, ik, § #MLEEAER-BENE SRA
FRAELT]. AORHALEBESE4R, 2011, 32(11) ; 1822
Ding Haimin, Fan Xiaoliang, Wang Jinfeng, et al. Interface
characterization of hot-rolled stainless steel/carbon steel clad [ J].
Transactions of Materials and Heat Treatment, 2011, 32(11) ; 18-22.
[10] wimest. 2L BE XS Q3458 %L 49 A 41 20k A 1 % o) 458 5%
[J]. BEFEAR, 2020, 26(1): 29-33.
Hu Xiaoying. Investigating effects of finish rolling temperature on
microstructure and mechanical properties of Q345B hot rolled steel
plate[ J]. Wide and Heavy Plate, 2020, 26(1): 29-33.

(1] femdse, s, 3t O, 5. AALIEEXS Q420qENH 4141
PEREMEmI[J]. $L4, 2019, 36(3) : 18-21.
Qiao Mingliang, Shi Genhao, Hong Jun, et al. Effect of finishing
rolling temperature on the microstructure and properties of Q420qENH
plate[ J]. Steel Rolling, 2019, 36(3) : 18-21.

[12] 8RR, EE8, kb, F. KEFLRAER Q420qE M4 L HERE

Hm )], $L8, 2018, 35(2) : 26-28.

Han Chengliang, Wang Yanfeng, Yang Yongda, et al. Effect of
finishing rolling temperature on microstructure and mechanical
properties of Q420qE plate[ J]. Steel Rolling, 2018, 35(2) : 26-28.

(13] skJF4e, mhuesr, x| 5, 5. ZRfLiR BEX o B TR AL

HLAPERER K [T]. MIEKHLEL, 2010, 31(3) : 63-67.
Zhang Kaihua, Ye Xiaoyu, Liu Yong, et al. Effect of finishing rolling
temperature on microstructures and mechanical properties of steel strip
for engineering mechanism[ J]. Iron Steel Vanadium Titanium, 2010,
31(3): 63-67.

[14] B, ERW, HI30, 5§ LELREEX 2205/Q235B WAHA

WEARALMERRMEmw (J]. FR SR, 2020, 34(16):
16119-16124.
Xiao Fenggiang, Wang Dongpo, Hu Wenbin, et al. Effect of final
rolling temperature on microstructure and properties of 2205/Q235B
duplex stainless steel clad plate [ ] ]. Materials Reports, 2020, 34
(16) : 16119-16124.

[15] Chen J, Dong F T, Jiang H L, et al. Influence of final rolling
temperature on microstructure and mechanical properties in a hot-rolled
TWIP steel for cryogenic application [ J ]. Materials Science and
Engineering A, 2018, 724 . 330-334.

[16] FALsk, ¥ 3¢, EFHE, 5. 2205 SUH A H/Q345 K4 4

BEE SR AL S S E e (], PLA TR AR, 2012, 36
(12): 33-36.
Bai Yungiang, Huang Wen, Wang Zhangzhong, et al. Microstructure
and mechanical properties of explosive clad plates of 2205 duplex
stainless steel and Q345 low alloy steel[ J]. Materials for Mechanical
Engineering, 2012, 36(12) . 33-36.

[17] {7k, #E/NBE, k¥EE. 2205 AMIASRMELE SR EZ44

Rtkgedts(J]. WETR¥R, 2020, 27(3) : 122-129.
Ren Yongfeng, Zha Xiaoqin, Zhang Lingfeng. Study on multiple layer
microstructure and properties of 2205 duplex stainless steel hot rolled
clad plates[ J]. Journal of Plasticity Engineering, 2020, 27(3) : 122-
129.

_ﬁ,-&L.&L_QL.W._W_.&L_\«L_w._N.—W.—QL_&L.DL_DL_vL_w_JL.QL.QL.&L-&L-&L-&L&&&&&&&&&M&M&M&&&&MM&.&LM*

EOOROR

k

(At # o sk 72 5 48 )2021 F f2iTAEAS 2§ t
3 BRI E A (PR T 2240 ) 2 th P EAUR TR S F M2 EEER T, A EERELEME (BFESRS5ES

3 98 ) AR SORUN 027 R 18 SC BRI R B AT M R £ 2%, T AU PHRR S TR 8 o [ 50 4 P FR 0 & VE B L
#ﬁﬁﬂ%f&\'%ﬁflzﬂﬁﬁﬁﬂﬁ’“%‘*iﬁio Bk 4 B b SO T, o R REGE SCEETHIR T, b 2 AR R OB ) , R t
3 LTI (e ) e FE (O 7 B e ) L ob LRI ROBCRIB TS 5 CA (b2 303) , JICST ( H ARHE SCHREEAR ) , MA (& )8 30 ,
3 EMA (TR b 3CH) , Corrosion Abstracts ( il SO ) 25U R T RATXE %00 [ P9 S ORIRL S 15 TR A0, DUBRI 26 A & L

[T R A B =5 I M - R . X 4%

k

k
SAFITE AT H I, 75 : CN 114545/TG, ISSN 1009-6264 ; Hf & 5 :82-591, % 44y : 50 Jo/3 , 6 4 600 JT/4F, [© 5

3
;‘ 600 JEI0/ 4. B MAE AT M EALE R

“CPPRHRAL 4R ) W7 ROERE” C©IERAT B S T CRP R AL B 27 42) 1980—2015 4F 43 S0, Nl B B R A k

TG . XKD WK FIT B

]
3 Hbilk: LR BIE X FE K 18 S(HMRALERER) RIES 04100083 HiE.010-62914115, 82415080
j 1£H.010-62914115 E-mail: clrcl@ vip. 163. com [t . www. mhtcn. org

+

B 2 o ) ) ) 4 M M ) M 4 N N 4 N 4 M 0 ) M M 4 M N ) M & M ) S 0 0 ) M ) N ) M B o I o I ) M o) o) O 4 o) M ) Ml o) e o i o) i ) 2

oo

F v



