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Abstract: To address the issue of repeated tempering during the installation of P92 steel welded joints in ultra-supercritical
units, the influence of tempering cycles on the microstructure and mechanical properties of a weld was systematically
investigated. The evolution of the grain morphology and the distribution of precipitates in the P92 steel welds were
analysed via OM, SEM, EBSD, and TEM characterization techniques. The results reveal that the weld microstructure
primarily consists of tempered martensite, M»Cy carbides along lath boundaries, and dispersed 8-Fe phases. With increasing
tempering cycles, Mx»C, carbides significantly aggregate along martensite lath boundaries and preferentially nucleate and
grow at d-ferrite grain boundaries, eventually forming a continuous carbide network. These findings indicate that multiple
tempering treatments regulate carbide precipitation and dislocation substructure rearrangement, leading to a gradual
decrease in the microhardness and an improvement in the impact toughness. Notably, after four tempering cycles, some
subgrains transform into equiaxed grains, whereas the MxCy carbides coarsen and segregate at the grain boundaries. This
phenomenon not only induces a rapid increase in high-angle grain boundaries but also significantly weakens the solid
solution strengthening effect, ultimately resulting in a sharp decline in the microhardness.

Key words: P92 steel weld seam; tempering treatment; microstructure; grain orientation; impact performance

P92 Po1 , =45% [
, 650~700 C .
: =35 MPa, ,
:2025-06-14
(2019MK162HZ)
,1981 s s . N N . Email: 2440023458(@qq.com
s s s . P92 [J1. ,2025,46

(10): 1003-1013.
WANG Y,HUPF,JIANY X, HUANG Z F. Influence of tempering times on the microstructure and mechanical properties of P92
steel welds for ultra-supercritical units[J]. Foundry Technology, 2025, 46(10): 1003-1013.

hEIM  https://www.cnki.net



Vol.46 No.10

+1004- FOUNDRY TECHNOLOGY Oct. 2025
P92 + @ (4] (873 K/160 MPa) , 3
MxCs  MX 22%,
P92 Cr-Mo-V-Nb-B MxCs o
, P92
P92 o
Gl DL/T 868-2014( OM .SEM XRD EBSD TEM
Y ASME B31.1-2021¢ , P92
by , P92 MxCy
«C ), ,
, HBW 180 P92
~HBW 270(HV 190~HV 285) o o
P92
’ [+ N 1
&7 . Pal B , ASME-A335P92
760 C 0OD426 mmxTHK40 mm,
, o Bl (gas tungsten arc welding, GTAW) ,
Sirohi ! P92 (shielded-arc-welding, SMAW)
760 C, . o \% ,
. , @ 200 C , ,
(i P92 , 1.
,760 C , o-Fe [s-18
o 7 ’
80~100 C , 1~2 h,
° P92 o
SHIMADEN SRS13A (PID
o :P=2.0%,1=240 s,D=60 s) ,
) <57C, 2 C,
, 250 C ,760 C
P92 , 6 h, P92
, (HBW 180+10) ° ,
o ,P92 150 C/h o
o GB/T3323.1 ( -
P92 ) X
1213 , , P92 ,
) , o , M5000
, P92 , (23£1) C,
, P92 o , Cr Mo RSD =0.8%,
1 P92
Tab.1 Welding process parameters for P92 steel
1~2 GTAW CARBOROD P92 2.4 90~120 10~14 30~60 < 250
3~13 SMAW CROMOCORD P92 32 100~130 20~25 80~140
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Tab. 2 Alloy composition of the weld seam
(mass fraction/%)
Cu B Al P S
0.019 0.001 0.006 0.008 0.009

C Mn Si Cr Mo Co \Y% W Ni N
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Fig.3 Microstructure of the weld seam under different tempering frequencies: (a) once; (b) twice; (c) 3 times; (d) 4 times
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Fig.4 EBSD orientation difference diagrams of welds under different tempering frequencies: (a) once; (b) twice; (c) three times;
(d) four times
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Fig.6 KAM map of the welds under different tempering times: (a) once; (b) twice; (c) three times; (d) four times
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Fig.8 SEM images showing the morphology of the weld under different tempering frequencies: (a, ¢, e, g) samples after tempering 1 to
4 times under low magnification; (b, d, f, h) samples after tempering 1 to 4 times under a dark high-magnification background
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Fig.9 TEM images of the weld microstructure under different tempering times: (a, b) bright-field images of samples tempered once and
four times; (c, d) diffraction spots of the matrix of samples tempered once and four times; (e, f) diffraction spots of the M,;Cs phase of
samples tempered once and four times; (g, h) diffraction spots of the MX phase of samples tempered once and four times
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Fig.10 Variation pattern of the Fe/(Cr +Mo +W) ratio in the P92
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Fig.12 Variations in weld impact absorption energy under
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Fig.13 Microscopic morphology of weld fracture under different tempering frequencies: (a, b) fracture initiation zones of samples
tempered once and four times; (c, d) expanded areas of samples tempered once and four times
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