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Fig.1 Grain boundary morphology in different regions of Inconel 718 service turbine disk
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Fig.2 8 and y'+y" phase in different regions of Inconel 718 service turbine disk: (a. d)center region (b €)R/2 region (c. f)edge region
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Fig.3 Distribution of primary MC carbides in different regions of

Inconel 718 service turbine disk: (a)center region (b)R/2 region
(c)edge region
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Fig.4 Evolution of carbide the primary MC carbides distributed in
different regions of Inconel 718 service turbine disk: (a)center region

(b)R/2 region (c)edge region
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Fig.5 The morphology and EDS composition mapping of (a~d) the Ti-rich primary MC carbide (e~h) the Nb-rich primary MC carbides in the

center region of turbine disc




E ki Wi BB RS T + 5.

6 IRAUG R FEAL R2 AL BRI ME LR — I MC BRAUCHITES R TCHR 0 A (a~d) FHITER M IEALHIBRALY) (e~h) FEAE“B I RIBRILY)
Fig.6 The morphology and EDS composition mapping of the (a~d) "melting" partial boundary and (e~h) surrounding steps of the primary MC

carbides in the R/2 region of turbine disc
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Fig.7 The morphology and EDS composition mapping of the (a~d) "decomposition" boundary and (e~h) surrounding steps of the primary MC

carbides in the edge region of turbine disc
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Fig.9 The morphology(a) and EPMA mapping (b~d) of the MC

carbide in the edge region of turbine disc

2.3 BRiREREEAKCIESESIT

Bl EAAWES Y, MC BRI IESRAE A A
AR A AR R ZESR . N T HERHT MC ik m)
A%, B Aspex Explorer 4 H 332 24903 14X
GUITFES RN STTE 10.24 mm? JEH Y, BEAALE 1.5 um UL L
1) MC Tk okt RS B R4S, 45K 10
Fim e (EMRATERE Y, IRAR i i 2 0o 30 DX 42k N B A )
FHTHIARZ) 19.40 pm?, R/2 AT AR 19.13 pm?, 4%
SPRITHIARZ) 14.40 pm?, MR 3 2 2B A4 1) T AR IS
WS, SERACADIE T B 45 A R . R R,
OoEA R/2 b MC BRI ZE A RARR, ERRS |
<10 pm? fkE R/2 ALEELL B, BRR AN RST )
WAk ) 58 A B o A2 X305 T & A B AR AR UK
ZEto WMEOLIMMAG A R givt, PEfEAER
FEMER, BGXIBA >50 um? 19K R B EE 5
ARE, FELA<20 pm? [N RS 8 £, R ILR
KT BRACFEAR F#E R AR B, B R RE
REBTERE oA, 5 RHSIMERLE R

500

I TiC+NbC (a)
TiC
400 NbC
23001
=}
g
Z 200
100 -

0
>100 50-100 20-50 10~20 <10

Area / pm?

Al I TiC+NbC (b)
TiC
400 - NbC
£300
e}
g
Z 200

100 -

0
>100 50-100 20-50 10~20 <10

Area / um?
500
I TiC+NbC ()
TiC

400 NbC
£300
e}
g
Z 200

100 - I

0
>100 50-100 20-50 10~20 <10

Area / um?
B 10 Inconel 718 kA Ja e Ht MC Bk Rt Geit
Fig.10 The size and quantity statistics of MC carbides in different
regions of Inconel 718 service turbine disk (a)center region (b)R/2

region (c)edge region

08
+MC

2 C a0 e 0,

Intensity / a.u

34 L SR I

22 $e 9 e 0

20 40 60 80 100
20/ )

B 1 RS R XA HUEE —AH XRD &l
Fig.11 XRD spectra of Inconel 718 service turbine disk extracted

precipitated phase powders

N T 20 5 B4 HT IRAR S TR e B DX A P A HE A
(185 B AN TG R AR, Yo ARAR 5 TR 5 25N [ X 35 P9 [ AT H A
HEERA AT, B 1 RS iR S AN R XS 3R U (1)
XRD S HTEEH, AR ERGEFE IR A B M2sCs
A, BI XRD AR MasCo 75T . 454 B 8¢
SRR, HRIEE S WS R MuCe MM XA RER T
BEWHTTR SEAMAT (0.023 wt.%), HEIRFGE RS
I HCE F A R BT R D, A8 MoaCe BRALIIE AR RAT 2
AT H B R AT R R S BT

B 12 SFbG T AR AR S iR e A8 AN 1R DX 38 P9 3 AT H A
Yy & S MG RS, SR ER, MLEE (80 mm) F|



<10 WA ERMES TR

i

AEE (280 mm), y-+y" SRS EASRL T, & AR
FEIN e PR y SRR — PP IEARAR, 4 <K 1A A B
FIRAGRE R T 650 °CCRA A 8 AHEEAZ AT, Jmit
HIDGIRCR L, SR as RARTT . H2, %A
XA A y'+y"+8 AR R R AR B AR

24

—a—y'y"
20t ——3
X —a S
=16t
2]
o
tg 12r .\I\.
=
208
5
=
41 ./0——/0
0 . . .
80 160 280

Distance / mm
Kl 12 IROGREEAA R y+y"s & AR
Fig.12 The phase weight fraction variation of y+y"and d phase in

different regions of Inconel 718 service turbine disk

e & BRI ST HAR R — IR MC B4
MEE 13 a, MC BRGNS & H O BL S W TR,
JE BN 0.166 wt. %MK 0.106 wt.%, RIip%eAE il
GEBAL ) MC BrRAGY) & L O X 3R B T 29 36% . MC
WA o3 R SR 2 R B S on 33 HOE N FE A4, Xt
AR [ VA SRAAE FH EICE TV BSR4 HOAT H A o ABLZEZHL 20
Srh, JRECAE AR DL R A E AT AR AL 13 b Hrap
A, fEAZHAYIH, Nb nEMNERAE, HEES
Hih 0.105 wt.%PE % 0.069 wt.%; Ti JGEJFE S H it
0.029 wt.%F% 2 0.016 wt.%. MEREABUH 7445 Rrh ]
PAE H, %1 MC BRAGCILEIRAR IR g i B, BTl
Nb. Ti. C Ju3, ERERERVER T B g b,
B AL 0 B9 A 2 R 4 B R (Tios20Nbos1aMooos7) C -
(Ti0323Nbo.622M00.055) C+ (Ti0.202Nbo.64sM00.060) Co NbC A,
VIR ECEE 2, 1 TiC WA 7 i i be ) 5 e, BRIk
MR G A+ Nb. Ti JGE I & LR .

0.20

—=— MC (a)

S0.15

£

3

£0.10

=

e

£ 0.05)

000 1 1 1
80 160 280

Distance / mm

o
o
S

——Nb (b)
—=—Ti
C

—4— Mo

.

l\l\_

— .

o o o

=3 — —

< o W
T T

Weight fraction / %

o

=3

S
:

86 160 ZéO
Distance / mm
13 RAG RE AL MC BRALY) B HoT s B #e fe
Fig.13 The phase weight fraction variation of MC carbide(a) and major

element(b) in different regions of Inconel 718 service turbine disk
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Research on the evolution behaviour and effect of the primary carbides in Inconel 718

superalloy service turbine disk
Zhang Yanlin, Chen Shuo, Jiang He, Dong Jianxin
(School of Materials Science and Engineering, University of Science and Technology Beijing, Beijing 100083, China)
Abstract: Taking an Inconel 718 (GH4169) turbine disk with an accumulated service time of approximately 60,000 hours from a specific model
of aircraft as the research object, this study systematically investigates the microstructure of various regions of the service turbine disk. Detailed
characterization of the microstructure was conducted using research methods such as optical microscopy, scanning electron microscopy, electron
probe, extraction phase analysis, inclusion scanner, and nano-indentation. The results show that after long-term service, there is no significant change
in the strengthening phases y' and y" of the turbine disk. However, the quantity, size, and morphology of primary MC carbides from the center to the
edge have undergone noticeable decomposition. The content decreased from 0.166 wt.% to 0.106 wt.%, and the morphology gradually changed from
sharp and regular blocky shapes at the interface to irregular near-circular shapes. The nano-hardness decreased, and there was a significant
redistribution of elements, with Nb, Ti, and C elements released and diffused into the matrix. The primary MC carbides are prone to dissolution and
decomposition during long-term service, leading to a decrease in the concentration and hardness of the carbide elements. The diffusion of carbide-
forming elements into the matrix may cause a "disturbance" to the comprehensive mechanical properties of the alloy during the long-term service
performance.

Key words: MC carbide; Nickel-base superalloy; Microstructural stability
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