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Abstract: P92 steel has found extensive applications in high - temperature components of ultra - supercritical power genera-
tion units. The integrity and performance of its welded joints are of utmost significance for the reliable and stable operation
of these power - generating facilities. Nevertheless, during long - term exposure to high - temperature service conditions, the
welded joints of P92 steel are highly susceptible to Type IV creep cracking, which poses a significant threat to the safety and
reliability of the units. Existing research efforts have predominantly relied on accelerated creep tests, leaving a notable gap
in the understanding of the actual long - term service behavior of welded joints.In this study, the welded joints of P92 steel in
the main steam pipeline of a domestic power plant with 70,000 hours of service were selected as the research subject. The
chemical composition was precisely analyzed using a vacuum spectrometer. The microstructure was comprehensively char-
acterized by means of a scanning electron microscope (SEM), an energy - dispersive spectrometer (EDS) and electron back-
scatter diffraction (EBSD). Moreover, the Vickers hardness was accurately measured to evaluate the mechanical properties
of different regions.The experimental results revealed that the fine - grained zone served as the primary location for Type IV
failure. This region was filled with numerous creep pores and micro - cracks. Large - sized Laves and M23C6 phases were
prominently aggregated adjacent to the fine - grained zone. The coarsening of these two phases not only significantly pro-

moted the nucleation and growth of creep pores but also effectively diminished the dispersion strengthening and solid - solu-
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tion strengthening effects. Additionally, the hardness distribution on the Type IV crack - affected side of the welded joint ex-

hibited a distinct gradient. The minimum hardness value within the fine - grained zone was measured at 150 HV, with an av-

erage value of 175 HV, indicating a substantial degree of softening. This research conducted a comprehensive and in - depth

investigation into the long - term service behavior of P92 steel welded joints. The findings provided a crucial foundation for

accurately deciphering the Type IV creep cracking mechanism. Such insights are instrumental for the power industry to for-

mulate more scientific and reasonable inspection and maintenance strategies, thereby ensuring the safe and stable operation

of power generation units. The research outcomes hold great promise for wide - scale application and promotion in the field

of power equipment material performance research.
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Fig. 1 Macroscopic cracks in the heat affected zone (HAZ) of P92

steel welded joint in the long-term service
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Table 1 Chemical composition of P92 steel welded joint (crack side)

(wt. %)

(VA C Mn w P S Cr
BERFIX 0.110 0390  1.554  0.015  0.008 8797
PEX 0096 0376  1.560  0.012  0.008  8.659
FABEIX. 0100 0481  1.504  0.010  0.007  9.123

(A Mo A N Nb Ni Si
BERFIX 0358  0.165  0.048  0.045 0316 0367
PEEIX 0349 0156 0.042  0.044 0308  0.367
FALEIX 0382 0170  0.047  0.045 0354 0274

(A= Al B Ti Zr Cu Fe
BERFIX 0.017  <0.002 <0.002 <0.002  0.197 Bal.
PEMEX 0018 <0.002 <0.002 <0.002  0.199 Bal.
JREEIX 0016  <0.002 <0.002 <0.002  0.047 Bal.
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Fig.2 SEM images of various regions
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Table 2 EDS energy spectra of second-phase particles around cavity

(at. %)

fi'#  Fe C Cr N W Mo Nb A

1 48.8 208 163 12.2 13 0.4 0.1 0.1
2 31,0 28,6 290 7.5 1.9 0.6 0.2 1.3
3 280 257 313 11.2 22 0.8 0.1 0.6
4 39.0 319 264 0.2 1.4 0.6 0.0 0.5
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Fig.3 Morphology of creep cavity in the FGHAZ
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Fig. 4 Sweep element map of the surface near the creep cavity
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Table 3 energy spectrum of precipitates around the absence of cavi-

ties in the FGHAZ (at. %)

' Fe C Cr N W Mo Nb v/

1 51.9  26.6 9.1 0.3 8.2 35 0.1 0.1
2 41.0 331 7.3 2.4 73 2.7 0.2 0.2
3 624 209 6.8 7.7 0.3 0.3 0.1 1.2
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Fig. 6 Sweeping elemental map of the FGHAZ without cavities
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Fig. 7 Superimposed image quality map (IQ) and normal inverse polarity map (IPF) of different regions of P92 steel welded joint (type IV crack side)
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Fig. 8 Superposition of grain boundary (GB) and KAM maps for different regions of P92 steel welded joint (type IV crack side)
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Fig. 9 Superposition of IQ and GND maps for different zones of P92 steel welded joints (type IV crack side)

(a) (b) (©) s
015 015
- 020
£ £ £
3 H 3
£ o010 Eo10 Eous
P Pnp=(1.420.8)x10"/m* ¥ Porp=(1.41=0.83)x10"%/m’ 3 Penp=(0.9£0.7)x10*/m*
E H E 010
Z 005 7 005 &
0.05
0.00 0.00 0.00
0 1 2 3 4 s 0 1 2 3 4 5
GND density(x10"im?) GND density(x10"m%) GND density(x10'm?)
(d) (e)
025 025
- 020 020
2 k]
3 3
E 015 s £o01s s
5 Paxp=(0.8820.72)x10 im? 5 Panp=(0.79=0.39)x10"im?
2 2
£ 010 £ 010
z z
0.05 005
0.00 0.00
0 1 2 3 4 5 0 1 2 3 4 s

GND density(x10'¥/m?)
(a) FREEDC 5 (b) KA DX ; (o) 4 DX 5 (d) i BRI X5 (o) BEAF X
10 PO2SMIEHEEL B XIBGND ZEE N E

Fig. 10 Distribution of GND density in various zones of P92 steel welded joints
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Fig. 11 GAM maps of different zones of P92 steel welded joint (type IV crack side)
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Fig. 12 Relative content of deformation, substructure, and recrystal-

lized grains in different regions of P92 steel welded joint (type IV crack
side)
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Fig. 13 Superimposition of grain boundary maps (GB) and IQ maps of different regions of P92 steel welded joint (type IV crack side)
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Table 4 Quantitative statistical values for each region of P92 steel welded joint (type IV crack side)
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