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# . A Thermal-cale #J)2FHAEXT GY200 P4 FIONT HAHBEAT T, JFE5&8A. 1. (FAR B4 T Bt
ST 700, 750 CA RN )R SEREBER I AL f st ] GY200 B & G A2R. PEAE. RBRALY BUTHE SRALAT A . 46
REW, GY200 RS EAE 700, 750 C IS SR B W80, wheb PRI R I, 75 10 000 h I 280 ) P 45 <63 19 45 S
eV W B ARk o I8 BRI E Bt MasCo R MC AL, NS F AR 45— 30, T 2% W B5{C Waspaloy
H 1% Mo, &4 BAT MeC BTt o B I S T8I0 MosCo MG N, I SARIRFARNTHZE P, 750 CHIEL MasCs
FALTE I s MC ABECEAEI 2L 3000 h JGIF4R TR, 700 ‘CHZL 3000 h )5, yHEEGETT4AIE N, 5000~10 000 h & T-FaE,
750 C IRy AHECR FEARAAR . pHATE 700 C IR E VERT, MR RAE: 750 CRIR p ARG A 5, 5000 h B35
y FPIIRSFZ) 100 nm.

KHEIE: UL GY200 £ E 4 Ayl HfEER

hESESE S TGI46.175 XERFRIRAG: A XEHS: 1002-185X(2019)04-1281-07

PRI T H A A R AR I [) P9 AT A g TR = 2 vl
TIHER T3, COy Keds B HE TS i K B BB T g
SR, TREHE. PR ARVRE . BN AROR R R
ke R BRI TP HEN 21 kel RKSE. H AR
AREEH TR — AR R I A R, 2010 4F
FRIH 700 C 560048 1 I S A il (0 e e 4 1 H AR s
bR R I I Lk ) 28V S B0A 3 35 MPa, i 700 C
PLE. 78RS HOEE] 700 °C, A5G RL T Bk R
BB A2 G B FL 3 1 % AR TR PR Pk RE SR, W ELTT R
RIS £, B 20ty 50 E4CLLK, Waspaloy
B G H T E AR e 1 v il 5 T JEE kv, E A R
B RBLHaE b o v HYY. Waspaloy S — Fh it ve fili
RIS 4, AT H T 1600 F (871 C)
JE R IR EE R BN AL AR, I R AN T &
PRIEVERE, o5 A% Oy 5 108 R I 20 W il i e
RIS, T RMIE A U Waspaloy £ 4 k4 1
1Ttk JERE GHT38 &4, M HAE 650 CHHAHL I
It 10 4, fHAE 700 CHLFE R %A N H %41 - Waspaloy
AR ER Mo, 22t MeC & AT e AR AT i
SO A 42 1Y) Rl R RS, AR BT R 4L H W ooT

KFs HEA: 2018-06-15
EE&WE: ExRFELHF AL (2016YFB0300203)

F R Waspaloy &4 1) Mo SkiltAr sk, JFRT A
HHFERBBURH RS 4 GY200 R4, FFRFST
700 ‘C/750 CHWF RO RErh, &G A UM Re 1) A&
o CARBRACH oy AHAE K B IS 200 ) AR A

1L %

RIGAEER A 25 kg AN TR, &4
BERIE T 1150 °C, ZHEEE =950 'C, B EIT AN
HEVS, WA @16 mm FEIEE, W WE 1 Pros. K
I 24 R M BRI T EAT R AE AL B, T2 - 1080 C/4
h (OC)+ 845 “C/24 h (AC)+760 “C/16 h (AC). K IH I %%
T. &4 700 C (1000/3000/5000/10000 h), 750 °C

(3000/5000 h).

X VR A0 Ak 3 R K I I 2880 PR AR 3R AT S fof 0

i PEREINR, PEREIAFE R 2 A4, BCEEIME.

Fz1 GY200 5EMUFERS
Table 1 Chemical composition of GY200 alloy (/%)

C Cr Al Ti Co B Zr Mo W Ni

0.044 19.35 1.51 2.93 13.66 0.0075 0.041 3.47 2.09 Bal.

TEEE: 3EE, 5, 1979 44, WL, BlIEER, WSRO EMRL 560, N5 12k 014010, E-mail: gzh_2001@163.com
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A S SR BEEIEAT &AL, R & yTEH
MEL, KN XRD T4 7532 (Pert MPD fiT 3,
FEARL Ky Cu dE, RN 40 kV/40 mA)D X}y AHREAT
RLE RSE 38, RITAR 2% A8 53 BT 1) 75 VR0 4 P i sk
W yEMBAT . B R

SRS HCL (200 mL) +CuCl (10 g) +Z.
(200 mL) ¥, yHRIEZSH g oy, g
R 40%HNO; /KW, L LR 2.5 V, HLUT 0.5~1 A
Y HABCRH 10 g/L SR E+10 g/L ¥ R /KW, H
WBEE 0.03 Alem?, JLE 15~20 °C. ZEUBRALYIH R
F 5% HCI+5% HH+10 g/L Fr k5 R B 5, LI 0.05
A, W#ESE 0~5 C.
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HPERE. B la BoR, B 1000 h SRR N, IR
B () k238, 5 ARG B 5, 10 000 h B 2% 1) 53
JEWEAT N o ZEAHFAE 0~5000 h AR5 FE R AR AL R B
i, IR A E] 10 000 h WS AR [, AR R AR R
TR 28 BB By, AR 280 10 000 h fefiK. W7 I 4
RIS ] e SE I H I AR I G, R A B 534
YA DG, ARAE AR SR G B I Ak T TR 00, O T oA 4 2R
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Fig.1 Property of alloy after aging at 700 “C: (a) strength,

ductility and (b) impact absorbing energy, hardness
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Fig.2 Property of alloy after aging at 750 °C: (a) strength,

ductility and (b) impact absorbing energy, hardness



554 « 1283 «

8000} 100001
2 6000} 8000 |
‘é 4000} 6000¢ A
3 4000} Ni
= 2000¢ ¢y 2000; C%NJX
(e ol uLJ.

0 10 20 30 40 10 20 30 40
Energy/keV Energy/keV

ot

3 GY200 5 G 2% AT i il 4123 & EDS Rl
Fig.3 Microstructures (a, b) and EDS spectra (c, d) of GY200 alloy before aging: (a) metallographic microscopy,
(b) SEM microscopy, (c) region A amplification, and (d) region B amplification in Fig.3b
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Fig.4 SEM images of GY200 alloy after aging at 700 “C for different time: (a) 1000 h, (b) 3000 h, (¢) 5000 h, and (d) 10 000 h
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Kl s 750 "CIALAR RN ) J5 GY200 5 <2 (F 47141 v 45 20 21
Fig.5 SEM images of GY200 alloy after aging at 750 C for
different time: (a) 3000 h and (b) 5000 h
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MRARE, FRAK p SR 24 AEl 2 W R Bk fe oIk
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(G PERE . W JGER NN, 78 B TGRSR AR
AR FL AT AN [R] 1R [ B S X6 4 (R B A ) S e it A AH
Bt P= A2 52 m o A 5T F) F Thermal-cale #4228 A4 X6t
B A AEAN R BE AT AR AT T UM, W ea Bt
TNe VHHERERN G S EENTHATA MC. MayCo i
R p AR MU AH, b MU AHJE T340, Rk
& G itrh i R AtEfE . [N AR W SRS 44
700 ‘CIHT H G DLEEAT T HLL, MIE 6b nJ LUE H 2
DUVESRAL y A0 B S ANBE W5 BEHE N AR AL, MasCe AH B
W B s 0 AT R . WS N R A R
HIW 7.6%, MU MM, AEL BRI GY200
7E 700 “CEAF THTH hep A FAH AT REPER /DN o
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Fig.6 Thermodynamic calculated mass fraction of precipitated

phase at different temperatures (a) and precipitated phase

with different W contents at 700 C (b)
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Fig.7 XRD patterns of carbides
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Fig.8 Carbides content after aging at different temperatures
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Fig.9 Degeneration reaction of MC phase

Bl 10 700 CHKE B OLFE p AR R
Fig.10 Morphologies of y' after aging at 700 ‘C: (a) before aging, (b) 1000 h, (c) 3000 h, (d) 5000 h, and (e) 10 000 h
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K11 750 CHR IO Ry AR SR
Fig.11 Morphologies of y' after aging at 750 °‘C for 3000 h (a)
and 5000 h (b)
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Fig.12 Content (a) and LSW coarsening kinetics (b) of y' phase

after aging
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L, SR I RS 25 RS O TR N, Mo Ce
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Effect of Long-Time Aging on Microstructure and Property Evolution
of GY200 Nickel Base Alloy for Steam Turbine Blades

Gong Zhihua'?, Yang Gang®, Bao Hanshen?, Yin Huifang®
(1. Inner Mongolia University of Science & Technology, Baotou 014010, China)
(2. Central Iron and Steel Research Institute, Beijing 100081, China)

Abstract: The precipitates in GY200 equilibrium conditions were calculated by thermal-calc thermodynamic software. The microstructure,
performance, carbides and y’ phase evolution of GY200 nickel base alloy for the blades of an advanced super supercritical power station at
700 and 750 °C with different aging time were studied by metallography, scanning, and chemical phase analysis. The results show that the
strength increases significantly after aging, and the impact performance decreases slightly. The carbides mainly consist of M>;C¢ and MC
phases. MsC can not precipitate from matrix when replacing of 1% Mo in Waspaloy by 2% W. The content of M,3Cs phase increases with
the increase of aging time, and the carbides separate out as chains and lamellae in the grain boundary. The amount of MC phase begins to
decrease after aging for 3000 h. The amount of y’ phase increases after aging at 700 °C for 3000 h, stabilizes after 5000 h, and remains
basically unchanged at 750 °C. The y’ phase has good thermal stability at 700 °C with a low coarsening rate. The coarsening rate at 750 °C
is higher and the diameter of y’ is about 100 nm after aging for 5000 h.

Key words: advanced super supercritical; GY200 nickel base alloy; blade; y' phase; coarsening rate
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