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Mechanical Properties and Microstructure Evolution on S31042 steel used for a

620°C double-reheat ultra-supercritical unit
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ABSTRACT: The mechanical properties and microstructure evolution of the S31042 steel after serving different time
(0,3200,6219,14167,17367h) in 600°C/620°C/620°C ultra-supercritical (USC) double-reheat unit were investigated by TEM,
SEM, EDS, OM and mechanical performance test.The results indicated that the mechanical properties of S31042 steel were
excellent after service. The yield strength and tensile strength at room temperature, the yield strength at high temperature and
the Brinell hardness of the S31042 steel all increased with the extension of the service time. The impact toughness decreased
rapidly at the beginning of the service, it tended to be stable after that. No obvious aging was observed in the microstructures
after service. The main precipitates were M23Cs and Z phases (NbCrN) after service. No ¢ phase has been found. The

relationship between the microstructure evolution and mechanical properties was also discussed.
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Table 1 Chemical copositions of S31042 steels (mass

fraction,%)
vs SEPE ASME SA-213  GB/T 5310
c 0. 060 0.0470. 10 0.0470. 10
Cr 24. 49 24.00~26. 00 24'0%;26'0
Ni 21.14 19.0022. 00 19'02;22'0
Nb 0.43 0.20~0. 60 0.20~0. 60
Mn 1.22 <2.00 <2.00
S 0. 0007 <0.030 <0.015
N 0.25 0.1570. 35 0.1570. 35

p 0.021 <0.045 <0.030

Si 0. 47 <1.00 <0.75

PRI TE S IR A 650°C 254 k4T, Rt
HUPRER BN 10 em K 4 BE L R Ailpe, ppaiik
FERHAT 10x5%55 mm [ E LV B b il ke, A I
H T S P 15 mm 64 8 3R FE

WA BT8R i 2R 07 R0 28 D) 1 1) 2% 4 A IR
FE, WA SiC W4T EE . #ie2 f5 R A K
B, FIFH ZEISS LSM 700 74 AH & W45 A1 FEI
Quanta-400HV R #1485 (SEM) M B4l
LS. B3 INCA B X B2 BERE 0 Hr AX
(EDS) #EAT #4534, FIH JEM-3010 A2 3% 5t
BT (TEMD X4 J@ AT th AR 2R T 3R
fiE.

3 REHER
3.1 HEHERE

Bl 1 2 S31042 44 -t 470 4 B A A s ] 1 AR
fhihgk, mEH, FHE Oh K
I, N 186.71, ARAZ 3200 h J5, phii#tEiRGE R
PE2Z2 220, TREMRELIA 88.2%, 2 JaBEIRBLET
P, P PIvEms A RIS, (HEHT%, Ik
R 17367 h 5, IR 161,

200 -

o o
5} =3

i B /em’)

o
=]
T

|
o

. . . . . . .
0 3000 6000 9000 12000 15000 18000
FRAHS 18] (h)

& 1831042 W= ;B ATINIEER

Fig.1 Comprarison of impact toughness of the

S31042 steel at room temperature
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Fig.2 Morphology of impact fracture expansion zone
of S31042 steel
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Fig.3 Comprarison of tensile properties of the
S31042 steel at room temperature
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Fig.4 Comprarison of tensile properties of the S31042
steel at 650°C
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Fig.5 Fracture morphology of S31042 steel after room
temperature tension test
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Fig.6 Comprarison of the Brinell hardness of
S31042
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Fig.7 Metallographic organization of the S31042
steel
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Fig.9 TEM images and diffraction pattern analysis
of the M23Cs in S31042 steel
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Fig.10 TEM images the tiny secondary Z phase in
S31042 steel

(a) 3200 h
B 11

(b) 17367 h
$31042 fREY @A —X Z 8 TEM F55

Fig.11 TEM images the primaryZ phase in S31042
steel
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