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Microstructural Evolution of K4169 Alloy before and after Service Based on Gleeble
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(1. School of Energy and Power Engineering, Changsha University of Science and Technology, Changsha 410114 ;
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Abstract: Aiming at the issues that the turbine casing is constantly subjected to high-temperature alternating loads dur-
ing the operation of aircraft engines, which leads to cracking and failure due to local stress concentration, the micro-
structural evolution of K4169 nickel-based superalloy for turbine casing before and after service and under simulated
high-temperature loads was investigated. The results indciate that absence of new phases is detected in K4169 alloy
after high-temperature service exposure. Significant precipitation of acicular ¢ -phase at grain boundaries is observed
after post-service and during hot compression experiments, which coexist with blocky/isolated Laves phase to form
spatial coprecipitated ¢ -l.aves symbiotic structures. Secondly, high-temperature loading induces strain-induced grain
boundary migration, resulting in increased proportion of high-angle grain boundaries and localized granular encapsula-
tion of large grains enveloping smaller grains. Microscopic analysis confirms all cracks initiate at densely distributed
¢-Laves symbiotic phase along grain boundaries. Under elevated-temperature loading, Nb and associated elements are
segregated to grain boundaries, promoting agglomeration of L.aves phase accompanied with concomitant ¢ -phase pre-
cipitation to generate deleterious ¢ -Laves symbiotic phases. The symbiotic phases intensify grain boundary to
embrittle, which acts as stress concentration sites, and significantly degrade the intrinsic crack initiation resistance. The
high-temperature cracking failure is mainly attributed to the co-precipitation and enrichment of ¢ and Laves phase at
grain boundaries during high-temperature service of K4169 alloy.

Key Words: K4169 Superalloy, Microstructural Evolution, Simulated Service Conditions, Aero-engine Turbine

Casing

L 25 K S HIL e il A A AE IR B T 5 AR 2 R L 7 HUAR B AT | 0 B LA R A 2 B Y B2 AR A, 5

5 B #1:2025-06-16: 1&1T B #7: 2025-07-25

FE—EHE ATEE, B 19744 4, #4%Z , E-mail : hejianjun329@126.com

SI ARG A 4L, Bk, 28 T, 55 . B T Gleeble R AR I 1 KA169 & 4 MR 5 A LUI AL [T]. R 83 K7 65 42, 2026,46(7) :1 082-1 088.
HE JJ,HOU J X, CAI Y H, et al. Microstructural evolution of K4169 alloy before and after service based on gleeble hot compression tests[J].
Special Casting & Nonferrous Alloys,2026,46(7):1 082-1 088.

1082



T Gleeble UK 451050 1 K4169 & & IREHT G 2 Ar a7 45

7R SR N ) A R X AR L B S e
17 3 BB 2% o DRIk, 9 5 A A% L B S L P A R sl AL
o L A A ek J S XK ) A O A 4 AR A, X F
FEML S K S HIL I A i BT B .

AR S & sh ML AL 25 & sh HLR A Cln s A8 v e,
PUAILIE 45 ) | 84 T 4 240 50 % 19 A kHE B B R A 4
il B K4169 4 4 4 1 ZE X A 4 Inconel 718 4 4 i
ARV, S HRTR )2 HER KM ERA &S,
KFIZAE SN EBRE DAL - BREHS W
75 i B0 5 R o etk o R A CEAE T U EI S80S Rm
S S B G OG3OS RS A Y
F3 A VAR, T 2 R R A Y 9% 55 7 i TR AL A
X SCAE YR O B P RO B R I K4169 5
GH4169 & 4, %F K4169 il 45 42 #4532 m X 2L &0 k47 1 WF
G o 38 ik R S A L S BT R B S 4 AR DX R
FEAE 5835 00 053 A AT 5 BOROUE 4 ZUAS 35 50 1 3 i o
RGBS TE AR T2 S B0 Ak i
PRI T A R ARG i X B e, 2R A
X FEBIE S T A o A b B PSS R A o AR A B DL R
PO TR 4 J0 3 A4k B b B S A 4 9 41 40 ) 24
e, 42 T —FoE AR R K4169 & 4 1 31 4h 3
T, IO AR B AT KA169 4 4 A7 7E (1 Wy AR Fh 2
BZ, h 6P AHA Ry M,y #(NND) |,y #
(Ni;AD, 841 (Ni;Nb) , Laves #H (Ni;Nb) Fil MC 4k ¥y
Hod | 0-Ni,Nb A Al Laves #H BIAELE , & 520 A 4 Ja b X
AR I E AR T H AT, T KA169 B A 4
BT 90 AR B HL X ) B B R 1 F 5T A A7 A
W, = M ARG 45 1 T B R G se . AP 28,
B2 2 R A 4 B0 iR R AT B R T 4
BE 8 A7 AE T B2 I, RAFTET M 4815 5%% 3 0 A1 I i 1Y
THOULAIL ) 22 AF > Nb 78 4K v (7 5

B OO R G A A IR PR R R R A R RR L Y A A
IT B R AT A — AR B (AN R Ay TR SO X bR
Y25 S KAl A7 i (4 40 AT . KUO C MAE x5 iF
il P 3 B 1 K4169 i iR A 4 E 4T T 298 K i 1y 4% 4
AP JE 8 57 U, 5 T G A (0 B L ) e AR T A
Wi A7y . 25 SR, 5 A 45 1 K4169 & & At %
HEMPE SR a7 2650k B . HUANG F %20
58T KA169 45 36 A 4 (9% 95 Wi 2447 Ry, oA Ok 40 i 41 21
FEWT D R T 2% REMALY R,
B T PO o MUk fE . A TS & E AR
BT Y R AR 2k R e, R DS 04 O 2 2 Ak T
BLHI (4 A7 55 2 38 H A48 2 o

A 5 X6 e AL 25 e B HILAIL I i >R FH A K4169
B EIREG & MK S R RBIRAE T 47 oW 41 4

TE SRR AE B R TR o 3 S A S AL e i A A A
PRI R L0 A XS AT SO AL 2L, F 5 AN [ 2%
PFT K4169 #8  far ili & <6 19 I0 3% 41 e A S Lo &
g 4 8 78 L, O 1 — A0 R R AR PR RE RS I B
TE AW SRS %

1 REH#HEF*

1.1 K H

K R R B A 7= By i e & sh LML . K4169 &
4 BB RE K IR A% 3 RE B B LI 52 PR IR A% T80 F 19 5
FFZEXH, WE 1, & shALsbr T T 5 24357 X g
B KAI69 BB IR A & T B M (RE N8, T

DO 1.

B 1 AR R AR A R AR R AL
Fig.1 Sampling locations of casing blank specimens and in-

service specimens

x1 KAORESESEUFRS
Tab.l Chemical composition of K4169 nickel-based superalloy %
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Fig.2 Gleeble thermal simulation testing machine
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Fig.3 Schematic diagram of temperature-pressure-time curves
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Fig.5 Metallographic structure of blank specimens and in-service specimens
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Tab.3 EDS results of specimens before and after service
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