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Table 1 Chemical composition of the tested alloy (/%)
C Si Cr Al Ti Mo Mn Ni
0.026 036 19.89 1.18 1.60 10.05 0.4 Bal.

TEEENT: £ &, 55, 1986 44, L, JbnUiNEROR R e RN, dbat 100081, E-mail: wanglu861219@163.com



962 - GE AR R

47 %

21 KEIRMIREFHEEETL

HAAE 700 C R AR I ] N 2505 19 ) 2% 1 g
WL 2 Prox. Wk 2 AIWL,  BEAE AR e K,
USC141 &4 iR Z M 700 °C i o B 359 4 ke
Ry AR EEA K, AR L il o B R A i 52 0
e, AT, A A E . R R R R AR
PR — EAR A KT T e i 58 M A ) v Bt
IR 250 ] ] 1) S G AR 2R #1410 000h 5,
B A = TR RN R Y P R B Ok A B S 2
LR K, i Th A 36 1 FREEIT 4 T, B R0
FErp A b abi IR OOV A b S AE I &, WU 1. AT
B, SR FUHT AR PO AT A AR I I R B
TE SN
22 KERMEERERMALTK

Hag 700 C RS R AL S8 SR Ak WL K]
20 AT, AR RO RE b A R ST AT, LB
IR TR A, ST AR ORI, R 5E
KSR (RS0 % 2 NS R 13 A7/ 1R ISy NI i K
DL R 750 7 3 4 BB USC141 &4 ¥E . wbEAe
AOL R B R B R K . EDS fg i 4 # nl g0
J9 & Mo HIBRALY) . CHR[11]32 H] Thermo-calce #X4F%F
USC141 & 43T T HRJ) 2B, RILE &

T A y' A MasCon MeC AP Ao BT Ms3Cs
R N & Cr IR, W] HEWT b & 46 ST H
EZ R MeC R .

r1 Pl 3a T 7S (K B 25 10 000 b B Y R AT LR M 550
FIOL, A 4 0 Y 2L E R T P S
R ALE D LLRESIREEIR (A5 2 F13) 4.
B8 3b 1 3¢ BEIE 40 B T KA AR R ik, HA
SICE AR, wT LUHEWT 2 BB S BT H A R A —
FRERAL AT A FEHEWTZAT AR o ZAR, 2 Bl
B T AN [R] J 1 38 HCEE Py SR AT 1 AN [6] 1 4 T B
P, WA 3d Pros. BRI MRS R RIETM o
(0°~90°) ABRAL I, W% 2 (14T tHAHTE A8 25 T A
Ao 4 a=90°mF, RIWE2EIE 3a FA7E 3 A MEHIRIT
W ARES . Y o J/NET, AT 5% 2 & 3a Ay E
2 KEFIFRIRBT HIIES: 24 o dRSEU/NIE, (3 n) U 82 3
Bl 3a A7 1 AR R ) P SE AT ) TE S

B AAE 700 C R 2 AN [ I 1) I 80 1R A S AR
teanEl 4 Fros. wpOL, REAE PO RE S, AR
Wi R IERLAL, B2 10 000 h BF, p/AH R /N R
SEZEIR K, AN AHAR Iy AH RORL I #2245 7 — ke 5
I HH K K AR TE S

R2 AEHET00 CTERRMNENYER N FIERE
Table 2 Mechanical properties of the tested alloy during thermal exposure at 700 C

Plasticity at

Qngl?/}gl Strength at RT/MPa  Plasticity at RT/%  Strength at HT/MPa HT/% }IEIE;;?II\I;;Z’ Impact energy/]
R/ Ryo2 AlZ R /Ry02 AlZ

0 1091/655 30/27 960/590 39/36 2970 36
100 1107/686 24/22 970/590 30/24.5 3040 20
500 1094/677 27.5/24 935/600 34.5/31 2942.5 24
1000 1104/705 22/22 995/625 31.5/32 3115 18
2000 1097/696 21.5/21 955/590 29.5/29 3205 16
5000 1107/691 21.5/19 950/610 29/25.5 3086 10
10000 1053/695 13/12 990/660 14/16 3657.5 4.0

* RT: room temperature; HT: high temperature (700 C)

1 4010 000 h £ 4 (f b o 7 AR5
Fig.1 Impact fracture morphologies of alloy after 10 000 h aging
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Fig.2 Microstructures of alloy during thermal exposure: (a) 100 h, (b) 500 h, (c) 2000 h, (d) 5000 h, and (e) 10 000 h; (f) EDS spectrum
of carbides on grain boundary
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Fig.3 Microstructure (a) and EDS analysis (b, c) of intercrystalline precipitated phase: (b) position 1 in Fig.3a;

(c) position 2 in Fig.3a; (d) sketch of morphology observation of lamellar precipitate phase
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Fig.4 Microstructures of y' phase during thermal exposure: (a) 100 h, (b) 2000 h, (¢) 5000 h, and (d) 10 000 h

30000 . -
25000 - " e
[ A 1t423C6
EV:“ 20000r g
£ 15000} .
g I
= 10000
5000
0 1 1 1 1 1 1 1
20 30 40 50 60 70 80 90
10000
C
AN ™1 AJGC
8000 o M.C
AM‘ZC
£ 6000}
2
&
5} | A
2 4000
o R
2000, 4 | s
Wwfvt.‘l)u & o oagla g &0
0 1 1 1 1 1 1 1
20 30 40 50 60 70 80 90

20/0)

K5 KT Rl B b e XRD P 3%

12000

10000

8000 |

6000

4000

2000

l]\lﬁC
oM C
236

aM,C

20 30 40 50 60 70 80 90 100 110 120

3000
2000

1000

d
o MC
2376
AMZC
N
20
A A A 3 AA

0
20

30 40 50 60 70 80 90 100110 120
20/0)

Fig.5 XRD patterns of carbides during long-term aging: (a) 0 h, (b) 2000 h, (c) 5000 h, and (d) 10 000 h
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Table 3 Changes of the lattice constants MsC and M;,C in the

process of long-term aging (nm)

Aging time/h a (MsC) a (M;C)
0 1.104~1.106 1.084~1.086
2000 1.100~1.102 1.084~1.086
5000 1.100~1.102 1.084~1.086
10000 - 1.080~1.082
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Fig.6 Quantitative analysis of carbides during long-term aging

at 700 C
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Table 4 Results of y’ phase particle size and chemical quantitative analysis in the process of aging

Aging time/h Mean size, D/nm Median size, d/nm Distribution Precipitated Chemical formula
spread, B/nm amount, o/%

100 37.8 39.7 13.0 11.138 (NioA963Cr0,037)3(Cr0A111 Tio‘405M00,054 A10,430)
2000 42.3 43.8 9.7 11.838 (Ni0.953Cr0.047)3(Cro.140 Tio.33:M00.053 Alg.425)
5000 42.7 43.6 14.4 11.890 (Nig.952Cr0.048)3(Cro.144 Tip 377M00.052 Alg.a26)
10000 101.1 82.1 78.7 11.915 (Ni0.952Cr0.048)3(Cro.143 Ti0.378M00.051 Al.428)
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Fig.7 Change of particle size distribution of y' phase in the
process of long-term aging: (a) 5000 h and (b) 10 000 h
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Fig.8 Model of coarsening of adjacent 7' particles by

coalescence way
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Effects of Long-term Aging on Microstructure and Mechanical Properties
of a Nickel-base Alloy

Wang Lu ', Yang Gang', Liu Zhengdong', Wang Li*, Ma Longteng', Yang Zhigiang '
(1. Institute for Special Steels, Central Iron and Steel Research Institute, Beijing 100081, China)

(2. Hunan University of Humanities, Science and Technology, Loudi 417000, China)

Abstract: Microstructure and mechanical properties evolution were investigated for a superalloy USC 141 under aging for 10 000 h at 700
°C. The results show that both of the strengths of the alloy tested at room temperature and 700 °C are maintained at high level during
long-term aging; while the coarsening behavior of carbides along grain boundary, which transforms in a shape of chain gradually,
decreases plasticity and toughness of the alloy. During the process of long-term aging, the precipitation of M,3Cs presents a trend of slow
increasing. Whereas the evolution of MsC type carbide in this alloy consists of three stages. The first stage could be marked as the
continuum transformation of MC to M,;,C, which is induced by the diffusion of Mo and Ni. At the second stage, the type and
precipitations of carbides change little. At the third stage, M),C carbides further coarsen afterwards by the diffusion of Mo, and M;,C
inside grains present a shape of plate. The microstructure evolution of y' precipitates could be divided into three stages as well. The
formation and initial fast growth of y' result from the diffusion of Cr, and the y’ particles are distributed finely during the first stage. At the
second stage, the mean size and precipitation of y’ increase slowly. The last stage is marked by the coarsening behavior of y’, mainly
resulting from the coalescence of adjacent y’ particles, and finally exhibits higher dispersion level of particle size distribution.

Key words: nickel-base alloy; tungsten; y’ phase; carbides
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