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Research on the Welding Process of 2507 Super Duplex Stainless Steel in
the Flat Screen Filter Equipment of Nuclear Power Plants

XU Jie, DING Yuehua', XU Yao, LIU Hong, FANG Yuan, LIN Lihua, GU Lujun, SHA Kaifeng

Jiangsu Electric Power Equipment Co., Ltd., Changzhou 213012, China

Abstract: This study investigates the welding process of 2507 super duplex stainless steel, a critical material for flat screen
filter equipment in the cold source water intake interception and cleaning circulation system of a CAP1000 third-generation
passive pressurized water reactor nuclear power unit (1,000 MW class) in China. The performance of welded joints was com-
prehensively evaluated through tensile testing,bend testing, intergranular corrosion analysis, and metallographic characteriza-
tion. Experimental results demonstrate that the flux-cored arc welding with gas shielding (FCAW-G) process, employing op-
timized heat inputs of 9.00 kJ/cm for the front-side root pass, 9.60-11.52 kJ/cm for front-side fill passes, 11.65-12.48 kJ/cm
for the front-side capping pass, and 10.56 kJ/cm for the reverse-side backing pass, yields welded joints with exceptional me-
chanical properties and favorable metallurgical integrity. These joints meet the stringent requirements for nuclear equipment
operating in marine corrosive environments. Transverse rhombic specimens exhibited a tensile strength of 845 MPa, with
fractures localized in the base material. 180° transverse side-bend tests showed no surface cracking. Homogeneous dual-
phase microstructure with a balanced ferrite-to-austenite phase ratio. Absence of microcracks, detrimental phase precipita-
tion, or susceptibility to intergranular corrosion. The findings validate the applicability of 2507 super duplex stainless steel
in critical nuclear power systems under harsh marine conditions, ensuring compliance with nuclear-grade structural material
standards.
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Fig. 1 Flat plate filter screen equipment structure
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R1 2507 BERBRFRUERS (FTEDE, %)

Table 1 Chemical composition of 2507 super duplex stainless steel

(wt. %)

LEl C Si Mn S P
FrifEfE <0.03 <0.80 <1.20 <0.02 <0.035
SEINHE 0.024 0.61 0.66 0.001 0.024

T H Cr Ni Mo N Cu
FRififi 24-26 6~8 3~5 0.24~032  <0.50
ST 25.6 6.5 3.3 0.25 0.05

T2 2507 BENHEAREN I F1ERE

Table 2 Mechanical properties of 2507 super duplex stainless steel

TiH Ji [R5 15 /MPa PLHisE %/ MPa /%
FRE( >550 >750 >15
SN 612 830 40.5

H 1% ER2594T1-1 5 25 NS AR 22, R A7 &
GB/T 17583—2018{ NEFEM b M 22) . AWS A5.22
—2017 CANE 9 2 005 TN 4 B SIS AR 2% TN 22 B e ) AR
NB/ T 470182017 ik & KR R T IR AR
YA OCE SR . HLAE SRR A R HT AT B Ak
B, R AAS  ALF RN 3 IR, Ji2ArERE N 4
JIiR o

£3 ER2594TI1-1 BHIBHEBUER D (RESE, %)

Table 3 Chemical composition of ER2594T1-1 weld deposited metal

(wt. %)

Wi C Si Mn S P
FRUE(E <0.04 <1.0 0.5~2.5 <0.03 <0.04
SEE 0.024 0.79 1.57 0.004 0.016

IiH Cr Ni Mo N Cu
FRIE(E 24~27 8~10 2545  02~0.3 <0.5
SN 25.26 9.05 3.41 0.24 0.03

£4 ER2594T1-11EH1BE&E HFERE

Table 4 Mechanical properties of ER2594T1-1 weld deposited metal
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Fig. 2 Configuration of welded joints and welding sequence schematic

for test plates
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Table 5 Welding process parameters for 2507 super duplex stainless steel cladding plates

p - — SRR SR IR i%f%i;f)% #Méﬁ)\ JZ [N
852 HAE /mm /A A /(cmemin™") /(kT+em™) JE/°C
1 FCAW-G ERiE ER2594T1-1 1.2 180 25 24 9.00 20
2 FCAW-G HIR ER2594T1-1 1.2 200 25 25 9.60 70
3 FCAW-G H R ER2594T1-1 12 200 26 25 9.98 75
4-1 FCAW-G SR & ER2594T1-1 1.2 240 26 28 10.70 82
4-2 FCAW-G H R ER2594T1-1 1.2 240 28 28 11.52 92
5-1 FCAW-G B ER2594T1-1 1.2 260 28 30 11.65 98
5-2 FCAW-G Bz ER2594T1-1 1.2 260 30 30 12.48 106
5-3 FCAW-G H ER2594T1-1 1.2 260 30 32 11.70 132
6 FCAW-G R ER2594T1-1 1.2 220 25 25 10.56 64
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Fig.3 Schematic diagram of destluentructive testing sample collection
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Fig. 4 Penetrant testing
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Fig. 5 Tensile test specimen
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Table 6 Transverse diamond tensile test results of welded joint

Fif Rt A PIESRE/MPa BEHE e
RE /mm rPC o BREMH REME fE 48R
EEL 25.56%16.15 20 >800 849 BEE A%
WA 25.60%16.26 20 >800 842 BEtF A%

BR
33 Teife

25 R I I GB/T 232—2024 AP AT , B
B4, R 68 . RN EAR A 4 5 AR, S
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0 T AU D3R 7, WG 25 e 4 S b 24 JE L
PR YU PEREAT B AR SCHOARPRE

6 THYIHE
Fig. 6 Bend test specimen
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Table 7 180°Lateral side bend test results of welded joint

i A EEEE A A Wl
- RF/mm ,

T /mm /mm AR ik &R

®FEL 16.22x10.02 40 63 180 Wy JozdLr

®HFE2 16.22%10.00 40 63 180 ML JEEder

IKFE3 16.21x10.01 40 63 180 ML JEEder

KEE4 16.20%10.02 40 63 180 MU JoRdar
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Fig. 7 Intergranular corrosion specimen
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Table 8 Transverse intergranular corrosion test results of welded joint

JE it R ek TEHI R
) = /mm
iR /(°) % ik ZEL
REEL 20.02x4.01 180 10 i B
A2 20.00x4.02 180 10 i IR
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Fig. 8 Macroscopic metallographic examination
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Fig. 9 Microstructure of weld center zone
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Fig. 10 Microstructure of heat-affected zone
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Fig. 11 Microstructure of base metal zone
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