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ased on the 2205 duplex stainless steel and Q235B mild steel as the research object, the Gleeble3800 hot simulation experiment machine

was used to compress them into a clad plate. The influence law of the final rolling temperature on the microstructure, shear strength and cor-
rosion resistance of the 2205/Q235B duplex stainless steel clad plate was investigated by the optical microscope (OM) , scanning electron micro-
scope (SEM), mechanical and electrochemical performance testing. The results showed that, under the certain reduction ratio, 2205 and Q235B
could obtain a good bonding interface when the final rolling temperature was within the range of 850—970 °C. A long austenitic strip was formed
on the side of 2205 near the interface, and the decarburization zone with width of 39. 1—47. 4 ym was formed on the side of Q235B. With the de-
crease of the final rolling temperature, the shear strength of 2205/Q235B duplex stainless steel clad plate was significantly increased. When the
final rolling temperature was 850 C, its shear strength was the highest, reaching 445 MPa. With the increase of the final rolling temperature, the
& ferritic content of 2205 duplex stainless steel was increased gradually. The § ferritic content of the 2205 stainless steel reached the maximum
value of 45. 3% at 970 C, thus leading to the best corrosion resistance of the surface. However, with the increase of the final rolling temperature,
the corrosion pit width of carbon steel side at the interface of 2205/Q235B increased from 35. 56 um to 49. 44 um. Therefore, the corrosion pro-
tection of the cross-section should be paid attention to.
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Table 3 Rolling technological parameter

1 K38

AR S0 ) 7 2 A R SE 2 A4 BL 23501k 2205 BUAHAS
BRI Q235B kA 9, He B {22 il oy W3 1 Fsk 2, %
®10 mm [ EE 6.7 mm [ 2205 BAHAENFIAEF G10 mm |5
£ 10 mm [ Q235B AR R X4 , SR J5 R Gleeble3800 #4t
RO gy IR S O € o YA Sk 1] X M 8
R1 2205 NEEMILAS (FESE, % )

Table 1 Chemical composition (wt% ) of 2205 stainless steel
C Si Mn Cr Ni Mo S P N Fe
0.038 0.67 1.49 22.31 6.31 3.04 0.005 0.037 0.18 Bal.

F2 Q2358 IRBRM LR (T4, % )
Table 2 Chemical composition (wt% ) of Q235B low-carbon steel

C Si Mn S P Fe
0.177 0. 147 0. 348 0.014 0.014 Bal.

IR BFF9E T FE R 3% R FR—Z &M, R
RAELIREEXT 2205/Q235B WAHANG W E &45 & 1 il
21 B Y15 N R RE A S ma R FLR T2 R A i
MR 1200 °C ARG Bl 5 °C /s, PR 5 min, 25U E
43514 970 °C 930 °C 890 °C F1850 C , =R B &k, HAkFL
il T2k 3 iR,

Pass number

Group Final rolling temperature Parameter 0 : 5 3 . Total reduction ratio/%

Temperature/°C 1 080 1 030 980 970

lw 970 C Thickness/mm 16.7 13.4 10.7 8.6 6.9 58.7
Deformation/mm 3.3 2.7 2.1 1.7
Temperature/°C 1 080 1 030 980 930

2w 930 C Thickness/mm 16.7 13.4 10.7 8.6 6.9 58.7
Deformation/mm 3.3 2.7 2.1 1.7
Temperature/°C 1 080 1 030 980 890

3w 890 C Thickness/mm 16.7 13.4 10.7 8.6 6.9 58.7
Deformation/mm 3.3 2.7 2.1 1.7
Temperature/ C 1 080 1 030 980 850

4w 850 C Thickness/mm 16.7 13.4 10.7 8.6 6.9 58.7
Deformation/mm 3.3 2.7 2.1 1.7
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Fig. 1 Schematic diagram of shear test sample
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Table 4 Carbon poor zone thickness (um) of the Q235B low-carbon steel
near the bond zone

Group 1 2 3 4 5 6 Average
1w 46.6  47.4 47.2 47.6 48.4 47.1 47.4
2w 44.9  44.4 453 44 43.6  44.9 44.5
3w 39.3  38.9 39.5 40.3 38.6 39.2 39.3
4w 39.3  40.3 38.9 39.2 39.9 37.2 39.1

2 R[RIZELIR R 45 09 2205/Q0235B 5245 80 bR 4R 46 T8 GO0 T
1. (1w)970 °C;(2w)930 C ; (3w)890 C ; (4w)850 C

Fig.2  Cross-sections microstructure of the 2205/Q235B clad steel plate
prepared under different final rolling temperatures: (1w) 970 °C; (2w) 930
C; (3w) 890 C; (4w) 850 C
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Fig. 3  EDS results of the 2205/Q235B clad steel plate bond zones prepared under different final rolling temperatures: (1w) 970 °C; (2w) 930 C; (3w) 890

C; (4w) 850 C
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Fig. 4 Shear strength of the 2205/Q235B clad steel plate
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Table 5 Chemical composition in different regions (at% ) of the shear frac-
ture of the 2205/Q235B clad steel plates in Fig. 5

Element A B C D E F G H
CK 07.98 8.09 07.77 6.63 09.56 10.99 09.76 8.07
Fe K 92.02 91.91 92.23 93.37 90.44 89.01 90.24 91.93

Shear strength/MPa

5 N[AELIREE R 4 B9 2205702358 E A SR AIBTIIR L . (1w Tw-1 Fl 1w2)970 °C ; (2w 2w-1 F12w2)930 °C; (3w 3w-1 Fl3w-2)890 C;

(4w 4w-1 Fl 4w-2)850 C

Fig. 5 Shear fractures of the 2205/0235B clad steel prepared under different final rolling temperatures ;

2) 930 °C; (3w, 3w-1 and 3w-2) 890 C; (4w, 4w-1 and 4w-2) 850 C

(1w, Iw-1 and 1w-2) 970 C; (2w, 2w-1 and 2w-
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Table 6 Corrosion potential and current density of the 2205 duplex stainless
steel

Group 1w 2w 3w 4w
Corrosion potential/mV —-187 -205 -243 -259
Electric current 5 - > =
density/ ( A/em?) 3.9x10 4.9x10 6. 1x107" 7.6x10
Breakdown potential/mV 960 940 920 910

7}t " lw
—a— Dy
= 3w

—a— 4w

-1.0 -0.5 0.0 0.5 1.0 1.5
Potential/V

B 6 2205 XU B ALINZE (TR M )
Fig. 6 Polarization curves of the 2205 duplex stainless steel
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B 7 iR, ZELIREEXT 2205 Mk R IR & & MBS WA WF
SO Y A ELIR E B 970 C FEE 850 C )R, Bk R IR & R
45.3% PR % 38. 7% ., MEAHAL & AL XA it
TR & R AR y B ECIREE AR R A, HARRAE A 2 25
LR 850 °C W,y AH LGN, 3 F2 2R PR o 2 LR EE R
15,2205 XSURIASE5 A9 7E e il T A 457 B9 e ) 28 2, A R T & 4K
FRI) y BG4 SR BEAR T 8 BRR IR & &, W
i, 7R SA 600 ~ 900 °C 3 [l 14,2205 SUFHASEE 4K 5 #r
ABEA, 2205 SO A 4K A BBCA0 R 5 il 22T 0, 55 A
Bt 8 SRR E AE 850 °C 2 A, DRI I BV ol 7 5 et A s i) 45
ARG o A FA X E R T 2205 XA S 1
it g bk A

F7T 2205 BUHAERFRE N RE RS E (%)
Table 7 Ferrite content (% ) on the surface of the 2205 duplex stainless
steel

Group 1 2 3 4 5 Average
1w 47.12 43.63 43.65 46.33 45.62 45.27
2w 43.52 44.96 44.34 43.93 44.95 44.34
3w 40. 84 37. 66 36. 64 43.98 38.23 39.47
4w 40.72 37.05 38.76 36. 74 40. 08 38. 67

B 7 2205 BUHIAS G 9 9 8k 2 A (IR G371 ) AM A I B0 < (1w) 970
C;(2w)930 C ;(3w)890 C ;(4w)850 C
Fig.7 Ferrite ( background color) distribution on the surface of 2205 duplex
stainless steel; (1w) 970 C; (2w) 930 °C; (3w) 890 C; (4w) 850 °C
HAR 2205/Q2358 &2 &M 2205 KU AN 6584 2% T A Tif
o5 i R I LR B 1 A T 2 i AR 2 (R S Ay
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B8 2205/Q235B & 54 1 AT 1 BRI W OV 5 : (1w) 970 C5
(2w)930 C;(3w)890 °C;(4w)850 C

Fig.8 Acid immersion micromorphology of the cross section of the 2205/
(235B composite steel plate: (1w) 970 °C; (2w) 930 C; (3w) 890 C;
(4w) 850 C

3 it

(1) 7ESAE T 25 58. 7% B}, 5L EELE 850 ~970 C il
[l A ,2205 i1 Q235B RS2 RAFA 45 & B, BT C.Cr,
Ni S5 TC 5 AR B4, $E0 2 6 S i 2205 MJE & T —4
TR GIARK 5, Q235B MTE AL T FE B 7y 39. 1 ~47. 4 wm AN
B DXCH, (2) Bl 2 5L BE R AIR , 2205/ Q235 B BUR A 855K
A MR BT U R AR AELIRBE R 970 C R, LB
VI BRI, 9 390 MPa; 2251 R 850 C B, JLBY U] 58 Ji
i, A5 F 445 MPa, (3) Z4LTEEE AR LT 2205 Mk & M4 &
AR LS WER W, & L FLREE TR, 2205
BAHAE N Y S BRZR AR & G B WiHE K, 970 CH, 8 BRE A
FRIR IR R (45.3% ), LI 2205 A~ 45 40 2 T 4 T J8 b v
REfRcfE, (4)XF 2205/Q235B & A M b i A 73900, & B0
2205 BUHANFEENFI Q235B ufise 7 22 1] (14 74 i X5 ol f5e Sy ™
0, LA LR B A TH R, Q235 B A A9 M 52 3T 45 4 IX 1)
i i I T B A WG K, H 850 °C 9 35. 56 wm 14K F] 970 C
[ 49. 44 wm, DI, 7E 2205/Q235B & 4 M TR R IR, 75
B B R R R A AR B S R B

225 3k

1 LiL, Zhang X J, Liu HY, et al. Steel Rolling, 2013, 30(3), 43(in

(-

s T

Fengqiang Xiao received his M. S. degree in June
2007 from University of Science and Technology Bei-
jing. Since September 2014, he learned at the College
of Materials Science and Engineering in Tianjin Univer-
sity, focusing on the preparation of duplex stainless
steel composite plate and the research of friction stir

welding technology.
Z H 408 ,2007 4F 7 7 Sl TAL Rt RHE R, 3K
FRRLER 2400, F 2014 429 A BEA4H KK
SEPPRRLSA S TR BesE ) | RN SE R AN 8 5 S A A ol i S HEAE
PREE R T LT

Chinese) .
F, kg, Moz, % A, 2013, 30(3), 43.

2 Ding HM, Fan X L, Wang J F, et al. Transactions of Materials and
Heat Treatment, 2011, 32(11) ,18(in Chinese).

TR, JEFR, Tk, % HEHALPIZE, 2011, 32(11),18.

3 Zina D, Noamen G, Monique G, et al. Materials Science & Engineering
A, 2016, 656, 130.

4 Xie GM, Luo Z A, Wang G L, et al. Journal of Northeastern University
( Natural Science) , 2011, 32(10), 1398 (in Chinese).

WU, BoRE, O, B R FFERASFIEM) | 2011,
32(10),1398.

5 LiL, Zhang X J, Zhu Z C, et al. Journal of Materials and Metallurgy,
2014, 13(1), 46(in Chinese).

e, ik d BUEHLSE. APESIRESR, 2014, 13(1) ,46.

6 Chen S H. Effect of rolling process parameters on interface bonding
strength of stainless steel/carbon steel composite plate. Master’ s Thesis,
Taiyuan University of Science and Technology, China, 2014 (in Chi-
nese) .

MR FLI 22O AN A/ B AW 5 A S T 45 5 5 B PR R
WE2AAE S, RIFEFRHRY:, 2014.

7 Wu W. Baosteel Technical Research, 2018, 11(2) ,25.

8 Bai Y Q, Huang W, Wang Z Z, et al. Materials for Mechanical Engi-
neering, 2012, 36(12) ,33(in Chinese).

Ffui, B30, £RL, & P TEEFF, 2012, 36(12) ,33.

9 Dong K. Microstructure analysis of 2205/0Q235 hot rolling bonding inter-
face and duplex stainless steel. Master’ s Thesis, Yanshan University,
China, 2017 (in Chinese).

AN, 2205/Q235 PELE G AT GG W ILARRORESEA 3Hr. B+
OB, #EILRAE, 2017.

10 Harbin Welding Institute, Tianjin Bridge Welding Materials Group Co. ,
Ltd. , Tianjin Golden Bridge Welding Materials Group Co. , Ltd. , et al.
Method for measurement of ferritic content in weld seams of chrome-nickel
austenitic stainless steel, Standardization Administration of China, 2008
(in Chinese).

W IRIEARFERT IR, REK A B A R ), R T e 1 A5 A4
LA IRAT, 5. BT IR MR AE R 0K & 42 T
FHREA A PIZE D1 23,2008,

11 Standard reference test method for making potentiostatic and potentiody-

—_

namic anodic polarization measurements, American Society for Testing and
Materials, USA,2014.

12 Standard test method for conducting potentiodynamic polarization resistance
measurements, American Society for Testing and Materials, USA,2014.

13 Shanxi Taiyuan Stainless Steel Co. , Ltd. , Metallurgical Information and
Standardization Research Institute. Stainless steel composite plate and steel
strip,, Standardization Administration of China, 2008 (in Chinese).
WP RN FE B A PR 7], 16 6 Tl 5 Bt be. A 555
RAMBAE , BRAREAE B2 512, 2008.

14 Ma M, Ding H, Tang Z Y, et al. Journal of Northeastern University( Na-
tural Science) , 2014, 35(4) ,504 (in Chinese).
U, THE, BER, % RILKRFHM(ARFIF#IR) , 2014, 35
(4),504.

15 Shi S K, Wang J, Li H F, et al. Corrosion Science and Protection Tech-
nology, 2011,23(6) ,463(in Chinese) .
arteh, Y, BiF, F FMFESHHOR, 2011,23(6),
463.

(FTfEE HIKT)

Dongpo Wang, professor, School of Materials Science
and Engineering, Tianjin University. He received his
Ph.D. degree in material processing engineering from
Tianjin University in January 2000. He mainly engaged
in welding structural fracture and strength research
works and carried out a series of basic theory and ap-
plied technology research on aerospace, oil and gas
pipeline, offshore drilling platform and other fields.
Now, he has published 220 articles and applied for

more than 80 patents.

FERY, REEMRRL 2 5 TR, 8047, 2000 4F 1 A 5k T
IS /e o v/ | I B o 4 L e S N e 2 A T RE TR
AR B XPITAS LR A7 AR B W LB R LI 4
AT e T — RGN HER I K v HBOR BT, 7 [ 9 2 T
RFTCH 220 ff , I LA 80 R0,

16124



