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Table 1 Density and specific heat capacity of SP2215 alloy

Temperature/°C 1100 1150 1200 1250

Density/kg-m 7420 7400 7380 7350

Specific heat capacity/J-(kg'K) ' 661 672 685 699
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Fig.1 Adiabatic temperature rise of SP2215 alloy under different deformation conditions: (a) 1100 °C, (b) 1150 °C, (c) 1200 °C, and (d) 1250 °C
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K3 SP2215 & LA
Fig.3 Hot-rolled microstructure of SP2215 heat-resistant alloy
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Table 2 Average grain size of dynamic-recrystallized grains of the

alloy under different deformation conditions (pm)

Strain rate/s

Temperature/°C
0.01 0.1 5 10
1150 24.93 14.59 12.75 10.36
1200 28.64 18.49 14.89 16.24
1250 46.15 21.23 18.04 19.40

100 pm

Fig.4 OM images of tube billet at different deformation temperatures with the strain rate of 0.01 s™': (a) 1100 °C, (b) 1150 °C, (c) 1200 °C,

and (d) 1250 °C

K5 AR AN 0.1 s I ASFEAS TR L R R K OM [

100 pm

Fig.5 OM images of tube billet at different deformation temperatures with strain rate of 0.1 s™': (a) 1100 °C, (b) 1150 °C, (c) 1200 °C, and

(d) 1250 °C



* 1024

W] B RS TR

555 %

R BT 2R A e A sh A A5 i, HEEE TR M
BB T, B A AR SRR EOR

R TAERRALEERE S R & e
AT T EASTEN ], FLR b R T Sh B g 25
Mo AR . A7 B I BERS TE /N A L T, BT
AT At A7 8% T2 BROK A 8 o 507 LR T AR A A HE O BK B0
N KA AR R AT RS o R B RS RO
SR I 7 8 5 P B, S AR S T AL AR K o & 7
Il RT B N) SokL, B AR S ok A —,
ML A T HE IR IR

T2 it il A A R A S R KA B e DS, LI

FEMLH AR S5 T I RS B sl , 32 B2 R (M Re i, —E T
4 Arrhenius K R o B IR )T &, ST B R W
TG REPEAIG, & S A% Bl BE IR, D8] b B o5 0 8 T ditoht
BEGK K.

BE AL, 28T 30 5 0] A 4 0 A 4L 2t A A R IR R
YRR FE = T 1150 CHY, 8 E R TRIERE R 1 s B
WA MR R, YR ERMT | s B, fER BT
BN, G E MR TR AR, PRI & £ 702 IR (AT
MAFL WS KR, W MRS . B
T T8 e RAIG , A2 T Ik [ J0 G, DR 0 2 26 P 45 o b B
Ko MABRERFFRES s I, ERDREEL N, 5 H

100 pm

Ko MARMA A1 s B AR TZIEE T E®1 OM I
Fig.6 OM images of tube billet at different deformation temperatures with strain rate of 1 s ': (a) 1100 °C, (b) 1150 °C, (c) 1200 °C,

and (d) 1250 °C

100 pm

Fl7 RiARIE A S s IR FAR T E N A AR Y OM IR
Fig.7 OM images of tube billet at different deformation temperatures with strain rate of 5 s ': (a) 1100 °C, (b) 1150 °C, (c) 1200 °C,

and (d) 1250 °C
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100 pm

8 WARIHAE Y 10 s~ AN [F) AR TR FE N A R ) OM
Fig.8 OM images of tube billet at different deformation temperatures with strain rate of 10 s™': (a) 1100 °C, (b) 1150 °C, (c) 1200 °C, and

(d) 1250 °C
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Fig.24 Malas hot working diagram of SP2215 heat-resistant alloy at
true strain of 0.693
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Hot Deformation Behavior of New Heat-Resistant Alloy SP2215

Liang Kai', Yao Zhihao', Fu Yingying', Wang Hongying', Zhang Longyao', Cheng Jian>, Dai Weixing’, Dong Jianxin'
(1. School of Materials Science and Engineering, University of Science and Technology Beijing, Beijing 100083, China)
(2. Jiangsu Wujin Stainless Steel Pipe Group Co., Ltd, Changzhou 213111, China)
(3. Yongxing Special Materials Technology Co., Ltd, Huzhou 313099, China)

Abstract: A series of hot compression tests were conducted on the new heat-resistant alloy SP2215 for supercritical and ultra-supercritical power
plant superheater/reheater tubes using a Gleeble 3500 thermal simulation testing machine at 1100-1250 °C and the deformation rate of 0.01-10 s
with a deformation amount of 50%. The influence of deformation temperatures and deformation rates on the rheological curve and deformation
structure of the alloy was investigated. Furthermore, by modifying the rheological curve based on friction and temperature effects, we established
thermal deformation Arrhenius constitutive model, Avrami dynamic recrystallization model, and Yada dynamic recrystallization average grain size
model for SP2215 alloy. Additionally, Prasad-Murty-Malas hot working maps were constructed for alloys based on various rheological instability
criteria. The results indicate that as the deformation temperature increases, the degree of work hardening decreases while dynamic recrystallization
becomes more obvious in SP2215 alloy. Moreover, higher strain rates result in increased flow stress and work hardening rate for this alloy. The
recrystallization of the lowest degree occurs at a strain rate of 1 s™'; however, without certain conditions, mixed crystal phenomenon may occur
easily in this alloy. Under experimental conditions in this research, the optimal thermal deformation window for SP2215 alloy is the temperature
of 1200-1250 °C and the strain rate of 5-10s™".

Key words: SP2215 heat-resistant alloy; hot deformation; constitutive model; microstructure; hot working diagram
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