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Tablel Chemical composition of T92, SP2215 tube and ERNIiCr-3 welding wire (w/%)

Material C Si Mn Cr Ni Nb Cu V. Mo Co w N Al B Fe
T92 0.11 0.39 0.46 876 0.25 0.059 021 036 - 1.63 0.044 0.01 0.0033 Bal.
SP2215 0.07 0.38 0.64 22.6 157 0.53 3.5 0.006 - 0.12 0.06 0.008 0.34 - - Bal.
ERNiCr-3  0.03 0.11 3.05 20.2 Bal. 252 0.022 0.36 - - - - - - - 2.211
%2 ZEZEFIM-GTAW EEIZSH
Table2 Welding parameters of multipass M-GTAW
Pass No. Current/A  Voltage/V  Welding speed/cm-min™
1 120 12 5-8
ERNiCr-3 2 130 13 5-8
SP2215 3 130 13 5-8
4 130 13 5-8

1 SP2215/T92 WA J7 # 1 PR H /R = I B3 Sk sE e
Fig.1 Schematic diagram of welding process of SP2215/T92
tube (a) and appearance of SP2215/T92 DWIJ (b)

PR J5 R SREAT 100%5F 2l RABLRE, K
M. JREAMASLEEGREE, SIS R SR, Bl
BT B AR T2 2 ok Se I i SR L4 e g b
Tk bR R A — €S E .
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Fig.2 Schematic diagram of microhardness test of SP2215/T92
DWJ

b
Primary MX

TR AR
Fig.3 Microstructures of the as-received SP2215/T92 tube: (a) OM microstructure of SP2215 steel; (b) BSE image of SP2215 steel;

(c) EDS analysis result of primary precipitates in SP2215 steel; (d) SEM microstructure of T92 steel
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T92 steel (b)



* 3254 ¢ Wi e RARLS TR 52 %

Fusion line
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Fig.5 Microstructures of T92 side of the as-welded DW1J: (a) T92/WM interface, (b) CGHAZ, (c) FGHAZ, and (d) ICHAZ
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Fig.6 Microstructures of T92 side of the DW1J after heat treatment: (a) interface of T92/WM, (b) CGHAZ, (c) FGHAZ, and (d) ICHAZ
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AL, RS ERALAF R EZEESLICER Feu Niv Cr 40
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IR AIE IR L FEXT SP2215 NI ZUm A/, W
9a fIT7R, INAEREIAAZE4) 200 pm 0 P kA4 B K AK
RO o AR S5 B TR R R AR N IR, T
SP2215 HAZ B8 [RAR St ki N AE B T — € B IR K2R i
Wk 9b fim .
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]
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i
i
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. Fusion line

0 50 100 150 200 250

T
T92 : d
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0 50

Bl 7 MRS R AKC IR #K B8 T92/WM Sl SEM R K &l 7a Al 7¢ HbRiE 2k C JG R EDS k474
Fig.7 SEM images (a, c) of T92/WM interface (a-b) and heat treatment (c-d); EDS element C line scannings of along the white line

marked in Fig.7a and Fig.7c (b, d)
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Fig.8 SEM microstructures (a, ¢) and EDS element mappings of Fe (b, f), Ni (c, g), and Cr (d, h) of macro-segregation at T92 side of the

DWIJ before (a-d) and after (e-h) heat treatment
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Fig.9 OM microstructures of SP2215/WM interface before (a) and after (b) heat treatment
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Fig.10 SEM microstructures (a) and EDS element C line scanning (b) along the white line of welded SP2215/WM interface
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SEM microstructures (a) and EDS element mappings of Fe (b), Ni(c), and Cr (d) of macro-segregation at SP2215 side of the

K12 REESKIRERIA S
Fig.12 OM (a) and SEM (b) microstructures of as-welded DWJ weld seam
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Fig.13  SEM microstructures (a) and EDS element mappings of Fe (b), Ni (c), Cr (d), Nb (e), and Ti (f) of weld seam of

as-welded DWJ
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Fig.14 SEM-SE (a) and BSE morphologies (b) of the secondary phase particles of as-welded weld seam of DWJ; EDS analysis results of

(Ti,Nb)(C,N) (c) and NbC (d)
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Fig.15 OM (a) and SEM (b) microstructures of the weld seam of the DW1J after heat treatment

Kl 16 #Ab 54k J5 5% SEM 4141 & EDS JuHK I 4 fi
Fig.16 SEM-SE microstructure (a) and EDS element mappings of Fe (b), Ni (c¢), Cr (d), Nb (e), and Ti (f) of weld seam of the DW1J after

heat treatment
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Fig.17  Microhardness of the DWJ before and after heat

treatment
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Fig.18 Microhardness of ¢ ferrite of joints before (a) and after (b)

heat treatment
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Table 3 Tensile test results of SP2215 BM, T92 BM and the

DWJ before and after heat treatment at room

temperature
Material Yield Tensile Elongation/ Joint
ateria strength/MPa strength/MPa % efficiency/%
As-welded 347 635 16 87.3
PWHT 351 675 18 92.8
SP2215
BM 302 737 56
T92 BM 534 727 24
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F 4 SP2215 B4, TR BHM RALEHFELTR 650 Clr WK 20c fiow, o] WAEFAT FWilH ) M & Nb X 53¢
HXBER Nb X2 & 3L, FHFE Niv Cr M Fe XML Ni.
Table 4 Tensile test results of SP2215 BM, T92 BM and the Cr fl Fe XI5 Nb & &M AH R P& A2 H
DWJ before and after heat treatment at high

temper ature of 650 C

Yield Tensile
Material Elongation/%
strength/MPa  strength/MPa
As-welded 178 258 20
PWHT 187 250 19
SP2215
216 495 32
BM
T92 BM 203 239 33
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RN A Ll Nl N = S R N TR T e Bl 19 Fsb R Al S B Sk 5 IR L T R 5
2, 1EFAT T Wi 7 — /N EE B k4T EDS &4 Fig.19  Tensile fracture morphologies of as-welded (a) and
Hiogtr, AMMEWRE 200 PAEMGEHZL, Af#ER PWHT (b) joints at room temperature
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Fig.20 Tensile fracture morphology (a), enlargement of arrow marked region in Fig.20a (b), EDS elements line scanning along the white
line in Fig.2b (c), and enlargement of arrow marked region in Fig.20a (d) of longitudinal section of the DWJ specimens before

and after heat treatment at room temperature
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Fig.21 Appearance of tensile fracture specimens (a); fracture morphologies of the DWJ before (b) and after (c) heat treatment at high

temperature of 650 ‘C
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Microstructure and Mechanical Properties of Dissimilar Welded Joint of SP2215/T92

Jin Xiaokun'?, Zhang Shichao?®, Diao Wangzhan“, Du Jinfengl, Xie Xishan’, Song Jianxin®,
Liang Jun', Zhang Zheng?
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(2. Beihang University, Beijing 100191, China)
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(6. Jiangsu Wujin Stainless Steel Pipe Group Co., Ltd, Changzhou 213111, China)

Abstract: Dissimilar welded joints (DW1Js) of SP2215 and T92 tubes were prepared by manual-gas tungsten arc welding (M-GTAW) and
ERNiCr-3 filler. The microstructure, mechanical properties and tensile fracture mechanism of DWJ before and after heat treatment were
studied. The results show that the weld metal (WM) is solidified into columnar dendrites with complete austenite structure, and Nb
element is segregated between dendrites to form Nb-rich secondary phase particles. The post-welded heat treatment (PWHT) has no
significant effect on the microstructure of weld seam. Island or peninsula macro-segregation is formed at both T92/WM and SP2215/WM
interfaces, and the carbon migration occurs to a certain extent across the T92/WM interface. However, the phenomenon that the carbon
migrates across the SP2215/WM interface is not obvious, and PWHT has no significant effect on macro-segregation and carbon migration.
The hardness of the coarse grain heat affected zone (CGHAZ) at T92 side is the highest, followed by that of the fine grain heat affected
zone (FGHAZ), whereas the inter-critical heat affected zone (ICHAZ) has the lowest hardness. PWHT reduces the hardness of CGHAZ
and FGHAZ significantly and modifies the microstructure and mechanical properties of T92 HAZ. ¢ ferrite is formed near the fusion line
in the T92 side, which is the area of DWJ with the lowest hardness. PWHT has no significant effect on the hardness of ¢ ferrite. Both the
as-welded and heat-treated DWJs are fractured at the weld seam in a ductile manner at room temperature, whereas they are fractured at the
T92 side in a ductile manner at 650 C.
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