-

View metadata, citation and similar papers at core.ac.uk brought to you by .{ CORE

provided by Elsevier - Publisher Connector

Available online at www.sciencedirect.com

SciVerse ScienceDirect Procedia
Engineering

ELSEVIER Procedia Engineering 27 (2012) 939 — 953

www.elsevier.com/locate/procedia

2011 Chinese Materials Conference

Alloy design of a new type high-performance P/M turbine
disk superalloy

Kai Wu®, Guoquan Liu **, Benfu Hu®, Wenbin Ma®, Yiwen Zhang ©, Yu Tao*
Jiantao Liu ¢ *

“School of Materials Science and Engineering, University of Science and Technology Beijing, Beijing 100083, China
bState Key Laboratory for Advanced Metals and Materials, University of Science and Technology Beijing, Beijing 100083, China
“School of Metallurgical and Ecological Engineering, University of Science and Technology Beijing, Beijing 100083, China
“High Temperature Materials Research Institution, CISRI, Beijing 100081, China

Abstract

The effects of alloy elements on the precipitation behaviours of TCP and y’ phases in new type powder metallurgy
(P/M) turbine disk superalloy Renél04 at the aging temperature of 815 C were studied systematically by a
thermodynamic calculation method. The chemical compositions of new type nickel-based P/M superalloy were
designed combining with d-electron theory. The results show that the contents of Cr, Co, Mo and W mainly influence
the precipitation temperature and amount of TCP and y’ phases in René104. The suggested contents of Cr and Co
are 13% and 20.6% respectively, and the suggested content of Mo is higher than W. The results also show that the
content ratios of Al/Ti and Nb/Ta affect the precipitation behaviours of TCP and y’ phases. The balance values of
Al/Ti and Nb/Ta are suggested in order to make the alloy having desired microstructural stability and strengthening
effect. In addition, Hf also influenced the precipitation behaviours of TCP and y’ phases and the suggested content
of Hf is 0.2%. The main precipitates of the new type P/M turbine disk superalloy FGH98I are y' , MC, M,;C¢ and
M;B,, and no any TCP phases precipitate. After the exposure at 750 ‘C, 815 “C and 850 ‘C for 1000 h, the new alloy
still shows good microstructural stability.
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Fig.1 Calculated dependences of precipitation phases on temperature (a) and their local magnification (b) of P/M alloy René104
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Table 1 Calculated chemical compositions of equilibrium phases at the aging temperature of 815 C wt%

Equilibrium phase Ni Cr Co Mo w Al Ti Nb Ta Zr C B

Y 3744 2349 3027 4.69 2.68 093 026 minor 0.17 — — —
v’ 65.53 1.58 11.99 0.33 1.15 595 714 173 4.55 — — —
MC — minor — 0.13 0.13 — 1.21 957 4620 33.79 895 —

M2;Cs 573 6250 7.07 19.01 0.61 — — — — — 508 —
M;B, 0.10 20.13 029 7040 091 — — — minor — — 8.16
n 11.56 1342 2399 36.89 1397 — — minor  0.14 — — —
c 11.70 40.75 2819 1757 179 minor — — — — — —

2. &R 50
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2.1. Renél04 &7 T i
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Fig.2 Effects of Co and Cr contents on the precipitation behaviour of TCP phases at 815 C: (a) effect of Co on the precipitation
amount of TCP phases; (b) effect of Co on the precipitation temperature of TCP phases; (c) effect of Cr on the precipitation
temperature of TCP phases; (d) effect of Co and Cr on the precipitation amount of TCP phases
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Fig.3 Effects of Mo and W contents on the precipitation behaviour of TCP phases at 815 “C: (a) effect of Mo on the precipitation

amount of TCP phases; (b) effect of W on the precipitation temperature of TCP phases; (c) effect of Mo on the precipitation
temperature of TCP phases; (d) effect of Mo and W on the precipitation amount of TCP phases
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®2 M= ARERAEENATTRD FR(TED D)

Table 2 Statistics compositions of the 3nd generation representative powder metallurgy superalloys (wt%)

Alloy Cr+Cot+MotW Al+Ti+Nb+Ta Al+Ti Ti+Nb Al/Ti+Nb Reference
RR1000 38.5 9.7 6.6 4.7 0.6383 [19]
KM4 343 9.6 7.7 5.8 0.6552 [40]
Alloyl0 34.7 10.15 7.7 5.6 0.6786 [17]
Renél104 39.5 10.4 7.1 4.6 0.7391 [23]
LSHR 40.61 10.05 6.95 492 0.7073 [37]
NF3 344 11.7 72 5.6 0.6429 [41]
NR3 29.8 9.15 9.15 5.5 0.6636 [42]
NR6 36.15 7.67 7.67 4.49 0.7082 [43]
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Nb/Ta L4, W(Ta)=1.7%.
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Table 3 Characteristics of the 3" generation representative powder metallurgy superalloys

Alloy TW<C To/C Md
RR1000 779 977 0.988
KM4 839 716 0.981
Alloy10 925 704 0.998
René104 880 906 0.989
LSHR 909 851 0.991
NF3 864 690 0.990
NR3 794 745 0.985
NR6 787 808 0.981

H5h, mEm Sy Ay AR SRR RO AR y ATy A R EEAT VAL, AR B R
HRACEE N A, HEARTHSL AKX WT

Aa=a,—a, =0.043—0.130C,,—0.024 Co, —0.183C ;) +[0.156 C',,—0.360 C,, ] +
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Fig.11 SEM (a) and XRD analysis (b) of electrolyzing separation phases for superslovus heat treated FGH98 |
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Fig.12 Microstructure of alloy FGH98 [ before and after long-term aging: (a) initial state; (b)750 “C/1000 h; (¢)800 ‘C/1000 h;
(d)850 ‘C/1000 h
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4. ity d AT RN FE R EC RE DAL Vet i — Aol R B8 = AR K il 5 FGHO8 1, 48
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Fig.13 vy’ phases of alloy FGH98 | before and after long-term aging: (a) initial state; (b)750 “C/1000 h; (c)800 ‘C/1000 h;
(d)850 “C/1000 h
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