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Abstract: To meet the welding manufacturing requirements of SA-336 F22 CL3 and SA-213M T22 chrome-molybdenum
steels for the fourth-generation nuclear reactor steam generators, a systematic study was conducted on the welding technol-
ogy and joint performance of three matching welding materials: E9018-B3 electrode, ER90S-B3 wire, and FOP2-EB3-B3/
FLUX submerged arc welding material. By optimizing welding operation techniques and process parameters and implement-
ing strict preheating (200-250 °C), post-heating (250-400 °C for 2 h), and stress relief heat treatment (690 °C+15 °C for 24~
24.5 h), welded joints were prepared. Test results show excellent short-term mechanical properties: the deposited metal main-
tains good high-temperature tensile strength at 530 °C, the impact energy of ER90S-B3 deposited metal at —20 °C is =200 J,
and the hardness in the weld zone decreases significantly and distributes uniformly after heat treatment. High-temperature
durability tests at 530 °C indicate that the fracture life of the welded joints exceeds 10,000 h, and their stress-time-to-fracture
curves are significantly higher than the ASME standard curve. The research confirms that using optimized welding and heat
treatment processes can achieve chrome-molybdenum steel welded joints with good formation, excellent short-term me-
chanical properties, and long-term high-temperature durability. This achievement has been successfully applied to the manu-
facture of a fourth-generation nuclear steam generator, with a total of 1,120 main welds completed and a 100% first-pass
nondestructive testing qualification rate, providing key technical and practical basis for the welding manufacturing of similar
equipment.
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Table 1 Chemical composition (wt. %) of three kinds of chrome-molybdenum steel welding materials

ey C S P Mn Ni Cr Mo Cu
ER90S-B3 0.10 0.004 0.003 0.63 0.01 2.65 0.97 0.05
E9018-B3 0.11 0.003 0.004 0.64 0.14 243 1.08 0.01
F9P2-EB3-B3/FLUX 0.09 0.004 0.008 0.70 0.12 233 0.94 0.02
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Fig. 1 Process performance of three kinds of chrome-molybdenum

steel welding materials
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Fig. 2 Test of macroscopic metallography of E9018-B3(4.0) fillet weld
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Table 2 Measurement data of fillet weld E9018-B3(24.0) fillet weld
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KHET 280, UARAR IR S B i R . [FIRE, %
J&T BER BRI BRI BE SR AR, LU
TN B CISPARE 7R AR AR AE ) R it
PRI, S5 A X SR R il TRMA A B RS
B, TG SE IR . TR AR T A S50
F3FR,

3 jn#EESk
3.1 Fa

B X 4% R B, TG B N 45 I FE 200~
250 °C, iH [A] i3 & v 32 1 7 200~300 °C ., i FRIR
N AR AR A e sE e, LT A BT 4 1 3k 3 AH 1o



88 F 13K

2025 4F:
x3 BEIZSER
Table 3 Welding process parameters
TRAZATR Hifg/mm  ALGUA RNV FMHERE/ (ememin™)  HETA/(KT-em™)  RPUARGR/(Lomin) R RRE/C
ER90S-B3 1.6 180~200 10~18 10~12 <15 7~20
E9018-B3 4.0 160~180 22~30 15~20 <30 — 200~300
F9P2-EB3-B3 4.0 500~650 28~34 35~42 <35 —
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Fig.3 Comparison of tensile properties of deposited metals at differ-
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Fig. 4 Impact performance results of deposited metal
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Fig.5 Absorption energy transformation curve
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Fig. 6 Lateral expansion volume transformation curve
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Fig. 8 Relationship between high temperature sustained fracture stress and fracture time of three kinds of welded joints
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