39 4  :529-534 2017 4
Chinese Journal of Engineering Vol.39 No.4: 529—534 April 2017
DOI: 10.13374/j. issn2095—9389.2017.04. 007; http: //journals. ustb. edu. cn

P91

12) 12)= 12) 3) 1) 1)
1) 710055 2) 710055
3) 710048
X E-mail: dwjaef@ 163. com
X N N
P91
ate Fe-Cr
MX(M =V/Nb X =C/N) N
232. 66 MPa; Cry Cs
TG156. 5

Influence of tempering times on the mechanical properties of P91 weld joints
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ABSTRACT The P91 weld joint used in the experiment is re-tempered according to the heat treatment process. The effect of tempe—
ring times on its mechanical properties including that at room temperature and high temperature was then investigated in relation to
the evolution of its microstructure using optical microscopy ( OM)  X-—ay diffraction ( XRD) transmission electron microscopy
( TEM) selected area electron diffraction ( SAED) and tensile tests. Results indicate that the strength at room and high temperature
of the heat affected zone increases first and then decreases with an increase in tempering times. In addition the microstructure is still
tempered sorbite that reserves the orientation of lath martensite and the main phases are the a+¥e phase and Fe—Cr phase. After being
tempered once its high-temperature tensile strength reaches a maximum of 232. 66 MPa. These improved mechanical properties relate
to the dispersed distribution of niobium and vanadium carbonitride precipitate particles dislocation tangles and dense metastable
dislocation networks. With the increase of tempering times the distribution of Cr,; Cy precipitates gradually undergoes a change from
being isolated to displaying a continuous manner in the grain boundaries; this can embrittle the grain boundary and reduce the strength
while improving toughness.

KEY WORDS seamless pipe; weld joints; tempering; microstructure; high temperature mechanical properties

P91 9Cr—1 Mo C
N.V Nb 10Cr9Mol VNb ' .
0 2016—07—-11

( SNQTS_2013QK148)



« 530 - 39 4
34
: . 1
168 mm 16 mm
P91 DL/T 869—2012 {
)
Hosemann  °7° Po1
( ferritic martens— P91
ite steels) ( tempered martensite HS610e
ferritic steels)
! ASTM A335 P91 760 °C P91
(
P91 2 P91 %) C0.11 Si 0.28 Mn 0.42 P 0.014
S 0.0038 Cr 8.38 Mo 0.87 V 0.22 Nb 0.084 Fe
P91 . ( %) . C 0.093 Si 0.21
Mn 0.92 P0.014 S0.014 Cr8.01 Mo0.95 VO0.22
Nb 0. 071 Fe
CWF11/13/3216pl
No.0 ~4 0~4 (760 °C 1h)
No. 0 10 mm X
8 mm x 12 mm 15 mm x 8 mm x 0. 5 mm
Po1 1
- $0.03 . $0.03
3 R3 v E, R5
M / A <y =
N I It I R 2 | D L _%\\\;_.‘sﬁj_ I — -
L A J Y L A S |
20 25+0.1 15 25+0.1
p a0 plilg e plile
§ 76 p 7 .
1 I (a) (b) ( :mm)
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Fig.2 Microstructure of P91 weld joints after various re-tempering times: ( a) weld of the reference sample; ( b) fusion zone of the reference sam—

ple; (c¢—f) heat-affected zone ( HAZ) of the sample after being re-tempered one to four times respectively
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Fig.3 XRD patterns for the weld joints of P91 steel after various re—

tempering times
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Fig.4 TEM micrograph of P91 weld joints after various re-tempering times: ( a) microstructure and coarse precipitate particles of the reference sam—
ple ( normalized and tempered) ; ('b) sample re-tempered once showing pinning of dislocations by precipitates; ( ¢) sample same as Fig. 4( b)
showing dislocation network and entangled dislocations; ( d) sample retempered 4 times showing carbides at boundaries distributed in chains; (e) a-

nalysis and calibration of carbide Cry; Cg
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