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Table 1 Chemical composition of SP2215 tube (/%)

C Si Mn Cr Ni Nb Cu Ti Mo Co w N Fe
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Fig.1 Schematic diagram of sampling position of impact sample
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Fig.2 Microstructures of solid solution treated SP2215 tube: (a) OM image, (b) SEM-BSE image, (c) TEM image of Z phase and NbN,

(d) SAED pattern of Z phase, and (e) SAED pattern of NbN
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Fig.3 SEM images of SP2215 tube after aging at 650 ‘C for different time: (a) 50 h, (b) 114 h, (c) 500 h, (d) 1026 h, and (e) 2012 h
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Fig.4 TEM analysis of samples aged for 2012 h: (a) TEM image of Cr»;C¢ at grain boundary, (b) SAED pattern of Cr3Ce, (¢) TEM image

of Cu-rich phase, and (d) HR-TEM image of Cu-rich phase
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Fig.5 Curve of room temperature microhardness in grains vs

aging time for SP2215 steel
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Fig.6 Curve of room temperature impact energy vs aging time

for SP2215 steel



EpR|

g, 650 CHE &L SP2215 B AT AN RO 2L 2URN © 505 ¢

K7 B 6 SP2215 XA [ B R H [l A 1 =
Wb RS, B 7a w740, VAR SP2215 =
T ek W ) 2 R L W R AFL A e, 3% B
WA SP2215 ZE iy LA PE T s B2 50 h
f 3 3R o T 1 s S B 3 il DT 2R T RO S
KRG, W 7b Frax, R B SP2215 I 50 h J&
i ol b 24 5 X 0 ki 22 1 VG B S A AR 5 g e
2 500 h A1 2012 h I SP2215 4 (1) 5 35 v oy 11 001 3=
S P 9 o 0T TR o IR RS RR, r AnE 7e Fl
7d fion, B SP2215 XAE 650 CHI AL 500 h 5%
FE K ] 5 2 U s B 3R 5 158 A A O WS R Y
PEWTZRL . I 3 FIIE 4 AT AT SP2215 HNAE 650 CHF AL
I AR CrasCo I J67E B IR A4 &y SR AT HE, ZEBSF 2 500 h
BRI LB I O R e K 3 — B A, T
Cu MEZEE SN, JHHRSHg0/M ae, Fitr
W, SP2215 48 2 I v o 170 14 B I R0CHSF ] 2 & A BB B
16, W 2 7 X o A0 B ) S Kl 990 1 e 282 1 3 o O
Wi A RN EH S CrysCe I B G AR 5 1 AT M
R I8 B 205 U] S AN R AL A G . B A R E
BRI A B A AN R A B T AR 4R,
I RN N dh T BB ) MosCe ffi 22Cr-25Ni 44
e ET R 2 R WS Zielinski &K
B F L3 S WUIR BT H B Mo3C & HR3C A4 470 14 PR A
1 Wk 5 T R R

2.4 SimbfetEae

Kl 8a 24y SP2215 HXA [A] I 25 It A FE 650 °C i
LA LN 77 - B AR i 2%, ] 8b v I 8a 1) R ORI
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Fig.7 Room temperature impact fracture morphologies of SP2215 steel aged at 650 C for different time: (a) 0 h, (b) 50 h, (¢) 500 h, and

(d)2012 h
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Fig.8 High temperature tensile true stress-strain curves of samples aged for different time (a) and its local amplification (b); change in

high temperature yield strength and tensile strength with aging time (c) and change in reduction of area with aging time (d)
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Fig.9 Typical high temperature tensile fracture morphologies of
SP2215 tube: (a) solid-solution treated and (b) aged for
2012 h
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Microstructure and Mechanical Properties of SP2215 Austenitic Heat-Resistant Steel
Tube After Aging at 650 °C

Jin Xiaokun '?, Zhang Shichao ?, Du Jinfeng ', Liang Jun', Song Jianxin®, Zhang Zheng *
(1. CHN Energy New Energy Technology Research Institute Co., Ltd, Beijing 102209, China)
(2. Beihang University, Beijing 100191, China)
(3. Jiangsu Wujin Stainless Steel Pipe Group Co., Ltd, Changzhou 213111, China)

Abstract: The microstructure, mechanical properties and fracture mechanism of SP2215 austenitic heat-resistant steel tube after aging at
650 °C for different time were studied by OM, SEM, TEM, and tests of microhardness, room temperature impact and high temperature
tension. The results show that the microstructure of solid solution treated SP2215 steel is composed of austenite, a small amount of twins
and undissolved NbN and Z phases. Cr,3Cq preferentially precipitates at austenite grain boundaries during aging at 650 °C, and gradually
increases in amount, coarsens and forms a continuous network with the extension of aging time. The spherical Cu-rich phase is
precipitated in the austenite grains; when the aging time reaching 2012 h, its size is about 15 nm. The room temperature microhardness in
grains of SP2215 steel reaches the maximum value after aging for 50 h, and then tends to be stable, which is related to the precipitation
strengthening effect of stable Cu-rich phase. SP2215 steel has an obvious tendency of high temperature aging embrittlement. The room
temperature impact absorption energy of sample aged for 2012 h is about 78.5% lower than that of solid solution treated sample. The
impact fracture mechanism at room temperature changes from ductile fracture to intergranular brittle fracture with the increase in aging
time, which is caused by the precipitation, aggregation and coarsening of Cr,3Cs at austenite grain boundary. Portevin-Le Chatelier (PLC)
appears when SP2215 steel was stretched with the strain rate of 2.5X 10 s at 650 °C, and the serrated type is Type (A + B). With the
increase in aging time, the PLC gradually “weakens”, but the serrated type remains unchanged. With increasing the aging time, the high
temperature tensile yield strength of SP2215 steel remains basically stable, the tensile strength and reduction of area gradually decrease,
and the high temperature tensile fracture mechanism changes from ductile fracture to quasi-cleavage brittle fracture.
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