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Abstract: The carbide evolution behavior of a high tungsten nickel-based superalloy during long-term aging at
1 000 C was investigated by several analysis methods such as SEM, TEM and EPMA. The results indicate that
primary MC carbides of the alloy are decomposed into M C carbides, of which the amount is increased as the pro-
longation of thermal exposure time. When exposed for 500 h, the morphology of M;C carbides is converted from

granular to blocky. and gradually transformed into rod-like after thermal exposure for 1 000 h. The morphology

of M;C carbides of the alloy is dominated by the needle-like after thermal exposure for 1 500 h.

Key Words: Long-term Thermal Exposure, High Tungsten Ni-based Superalloy. Carbide Evolution

o B L B PR LB R i W e AL ROR
AT B3 19 0 1L 7 2 BT B P e RE i 2 A 7 AR A
X SR & AT T 45 DA DAy 2 il T AR T e e S BIL 3 1) I )
WEMRZ T BRI R AL W 1E K )
250300 [0 A S ke A AR BB W T 3R A S i AL B IR
LR Z— RIEB I T 6 & A i AWy RO s (7] i
AR R B AIE 25 B AL ) 22 B2 & 4 9 2L R AR 1 L it
TR R 4 PERES T .

ARSI T Kad6 I Ka52 3 47 el 1K 3]
N2 18] 14 Bk A W0 T8 AR 47 O A5 AR R W] L AE K452 & 4
WA MC B GRAR Y T 50 i D9 M, Co B e AL ) o i 72
K446 & 4 . 142 MC B 46 9l 73 i o M, C Al

W FE B HA:2021-04-05; i€ M RS Y B B #A : 2021-06-03
EE&TB I T4 HAFEEL 4 VB H (2019-MS-336)

M Co BUBRALY) - BBl & 4 MC BB A6 49 1) G € 1k
FG3 i 75 A AS T 2 T MC B AL 4k 27 000 1 22
FITEC, R, WA MC B A6 Y 18 53 fif L K — R
A M, Co BB A0 4y 25 08 5 b 45 < 76 AN ) 26 15 R 1O £
AMERE R TR, YANG J X 9% K465 & 4 K
SOY ek 2000 1) 1) B AL W B S HEAT T R B MC R
R A o fige T R 9 M C BB A W ] 52 BN AR CBRAR
SETTRFITHOR  Hrp, T A B M, C RURR AL ) e
B AUR MC BURRAL Y AR T4 <5 19 4 3 4L A P BE AR
ANERE . AT O A G B aY T R B AR AL W IR 1T
R AR S I I RO ) B B A 3 1l i
s NIRRT 3 4 19 ) 2P RE

E—EFEE N BE, T, 1980 4F WA, TR L 778 10 (114000) , E-mail : 13190008911@ 163.com
BEESE IURUL, B, 1984 4 4R, B FEATF 58 61 . P FH (110000) , E-mail : zhangfj@imr.ac.cn
SIAME B ERAR L OLRGT . 5. KNI RIO0r o B 4Rk g 1L 4 S SR AL Wy R 9 SE [ . R Ah #53E R (5 42 .2021.41(9) ¢ 1 148-1 152.
MU Y, WANG S S, ZHANG F J, et al. Effect of long-term thermal exposure on carbides evolution of high tungsten Ni-based superalloy[J].

Special Casting & Nonferrous Alloys, 2021, 41(9):1 148-1 152.

1148



KA O B R RS S B e 4F

FIRITAT ¢ T30 o il A < 19 Bl A6 ) 38 A8 47 D il
B2 o AFUBH X e 5 B A 1y 1L 5 < I U I S8 30 ) i AL 0 T2
MO B0 G A PR CR ] SEM A
TEM 25 FBe . i i W4 — M 85 B 2w i A 2 7E 1 000
C T IR RCAS [ B[] 9 e A 0 T 30 B o3 A R ik T 54 4
IS A0 4 TR B A W AL A D RS2 DAy i R R R TR
TN R RS %

1 XEMHEF*®

RERHA SN FEMFER S (RESFHO:.CH
0.1%.Cr 5 5.0%,Co } 7.0%, Al Jy 6.0%, W W
16.0%,Ti} 1.0%,Nb }2.0%,Hf 4 1.0%, & &K
Ni, >R VIM-F25 B 10 kg B2 J& R 6 #0455 B &
S BE I U M R RS A

1E 1 000 CR X5 4l 437 #E47 100,500,1 000
A1 500 h A4 3 s Ak B SR FH 28 910 30 1 3 P BB
VTR ST 2 ¢16 mm X5 mm 1) 4 AH A L Bl /5 2Rk
20 g CuSO,+100 mL HCI4+80 mL H, O & il | 3
TFIE 3% ] Shimadzu-1610 B 1 T4 W B4 4 b
[ TC oA s R BT s AN F A S TR e, AT

- o | RS,

(a) H M

\;ﬁff.
.

(b) AR Hh

WA 4 T A B ST AR E AR R 20 mL H, O, 480
ml HCL 8 b 50 3647 28 1ok, I F S-3400N 9 4 iy
B (SEM) WL 44 5 4 41 2UE 3 . [6) i) A ] SEM/EDS X
B 4 AT AR EAT B 43 BT

R LR V) BIAE A 4 a0 W 0 V) L 0.5 mm @ J, JF
il £ 3 mm X 50 pm (135 SRR, Bl SR 10 % (1)
1o AR AE VA AE — 25 CTF Ha fiff LIS s 8, A1 i Tec-
nal-20 %37 5 i B CTEMD 847 £ 0 41 41 I8 55 WL 4% )
B X BT 3 AH 34T AT S B A

2 RIEZERL5HH

2.1 HEEEWALRER

BEAENMALTEHE 1. & 40— KB 5
BECL ) A A A T BE (L o) 43 B4 120~ 160 pm il
30~50 pm, WIE 1a [ @8 kAL, A 4 0B ] X I
FAAER I GH AL, Ry 40~100 pm. 14 MC
BB AL YT 25 52 B ZR AR R L 2 AR ) X5k
SEHT L RSES 20~100 pm 38 3 B8 1 (EDS) 43 #7 4k %
By How & Nb, Ti Ml HE ST, £ 8y MC ALk 1k
L7/

kCnt

BB /keV

(o) #mALH EDS 4 7

Bl 4562008 T%
Fig.1 Morphologies and EDS analysis of as-cast alloy
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Fig.2 Concentration distribution of partial elements in as-cast alloy
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Fig.3 Distribution characteristics of carbides in the interdendritic region of the alloy after thermal exposure for different time
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Fig.4 Distribution concentration of partial elements in the alloy after exposure for 1 500 h
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Fig.5 Morphological characteristics and SAED patterns of carbides in the alloys after long-term thermal exposure

for 100 h and 500 h at 1 000 C
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Fig.6 Morphological characteristics and SAED patterns of carbides in the alloys after long-term thermal exposure
for 1 000 h and 1 500 h at 1 000 C
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