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Abstract; Superalloys, as essential materials for high-temperature service, not only embody the frontier
level of materials science and metallurgical processes, but also serve as a crucial indicator of a nation’s
capability in developing advanced aero-engines and gas turbines. The nickel-based superalloy GH4065A
exhibits excellent high-temperature strength, microstructural stability, and processability through optimi-
zation of the y' phase content and compositional design. This paper reviews and evaluates the develop-
ment and current status of superalloys both domestically and internationally, focusing on the research
progress of GH4065A in terms of microstructural control, fatigue behavior, and welding performance.
Studies have shown that the microstructure and properties of GH4065A are influenced by multiple fac-
tors, including dendrite segregation, ' phase evolution, and recrystallization behavior. The alloy de-
monstrates outstanding oxidation resistance and thermal stability at 650~750 °C , while its fatigue behavior

is affected by grain size, inclusions, and unrecrystallized structures. Double-spot electron beam welding
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and inertia friction welding can produce high-quality joints, and post-weld heat treatment can improve

microstructural uniformity and performance stability. Currently, research on GH4065A is still primarily

at the laboratory scale, and its creep-fatigue coupling behavior under complex service conditions, as

well as life prediction models, remain inadequate. Moreover, the coupled relationships among v’ phase

dissolution, precipitation, and recrystallization lack quantitative description. Finally, future directions

are proposed in the areas of multi-scale microstructural control, service mechanisms under complex envi-

ronments, and engineering applications.
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Tab.1 Chemical compositions of GH4065A (unit: %)

C Cr W Co Ti Al Nb Mo Ni
<0.08 18.50~21.00 3.50~5.00 14.00~16.00 <4.00 3.80~4.30 2.30~2.70 <0.50 2.00~3.00 4
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Fig. 3 Segregation coefficients of elements at different

positions in as-cast GH4065A
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Fig. 5 OM micrographs showing grain structure of the GH4065A treated with different heat-treatment regimes
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Fig. 6 SEM images of y' phase in the original microstructural sample of GH4065A alloy
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Fig. 7 Surface morphologies of oxide scales of GH4065A alloy after oxidation for 100 h at different temperatures
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Fig. 9 Defective microstructures in the cross-sectional microstructures of GH4065A weld joint
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Tab. 2 Tensile properties of base material and weld joint of GH4065A alloy at different temperatures
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25 1518 1195 16.5 31.0 0.98
JE4E 650 1 390 1 100 12.0 31.5 0.96
750 1170 1 050 9.0 11.0 1.06
25 1553 1152 24.0 28. 4 —
BER 650 1 448 1055 23.6 22.8 —
750 1102 1 001 12.6 28.8 —
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FHAb v A HOROE REAR P GRS A
ZUN AR RO 22 5 f i b Bl R T
W B M EER RS 2 W2, JE IR M 1 372 MPa
F#25 1 085 MPa, 2024 4F, Z5 A5 B9t K 3K,
GH4065A [R] BTGt B KR 13k 70 o WZ  TMAZ &5
PDMZ, WZ [KEE 5 ¥ PEAS I RIAE & A2 5¢
S EAS LS SRR ST IR 10,16 pm v/ HSE 2T
fift s TMAZ i BE 81, T2 A 3.9 wm 119 40 55 1 i
PDMZ JU {4 88 % 43 1 2R AS T ff b, I &4k 2R
(760 °C/5 h) Al fii WZ FHHr b 48/ v/ 41, 423k
650 °C/950 MPa T ERASWrZ4m ] M 7. 51 h LERK %
147.28 h Wi BN WZ R 2 BM, [R4F, 25
T 419 — B T GHA065A 1k BE 45 S A
FREE AL 5@ id Gleeble-3800 #AFIIHLAE 1 000 °C ~
1150 °C 0. 01~10 s™" Z54F F IT AR5 056, X
H Johnson-Cook 55 Arrhenius XU 1F 5% 4% #84 %& B,
Arrhenius B % 58T B 245 F 45 S B0 BT RL
L, TRCINDRS B v 8 N A BR oe i b
VB IR 22U 5. 6% , WA T S50 e it
THHESEHE REEHIEAMUE R T GHA065A $523% 11
B SN AL L, o T2 S8k 5 v e T
AL T B RLA

SRV B I, A S AR i 1050 C ~
1 110 C .20 ~40 MPa .20 ~35 min 405 & I,

EESEIRE 1080 °C 47 30 MPa Hi}E] 30 min A
T2, Beht S DA 5 5 B % 0 Al i 2k 3
SN F, P BE T 5% 3h 1 i 2Pk sh 25 P 2
i , T35 i R I 1 s ST A G, S AT Y A
WA S AL BiE e T R B4
AR SIS BT E AT AR R,

SR AL (Post Weld Heat Treatment, PWHT)
AL GHA065 A J7 452 12 3k M BE 1 SC B 2R, Cao
ST 2023 AERFFT T AR B AL BT GHA065A
IFW $223K RO &5 40 5 miE s A PERE 2 . BFSE
S B Ak B R G AR % Sk & X8 (BM,
TMAZ \WZ) B R RRAE 5 — K v/ A, (HBE WZ 1
=Yy BM B gy R R, H B RS
SR BOC B84k ;760 C/5 h UL R
WZ =% ' M 12. 4 nm KK ZE 17. 6 nm, L7
650 °C Fi1 950 MPa Jiti A F7 45 14 T 1 i A5 7 224 Bsf
M 7.51 h 42 T+ & 147.28 h; {5 33 B B %%
(760 °C/8 h) 242l BM & FbT i 2% M, C,
b9, TR BM 4% ' #Had BE K, 330 BM R AR
PUkE FRE, A, 1% A A 58 GHA4065A TFW 42k
25 R[5 PWHT (730 °C/5 h.760 °C/5 h) J5 B & ik
WESFAT R BIFF S R TMAZ ki RsF /T
WZ 5 #5210 X ( Heat-Affected Zone, HAZ) , 4% 3k
A v RG] 9% 55 R 8538 K A T TMAZ-HAZ i 7
PWHT i B T 2 5 804 3k 0% 55 1 fE iR 1k,
760 °C/5 h PWHT F 453k 3% 55 F i §E 730 °C/5 h
T R 50% , BLAFAE S B 35 MG IR R 5 R 35 5)
P 5716107 ; TMAZ-HAZ SO X IFW 5 B iR R
225 K PWHT J& 19 v/ AHERAT H R 35 5) S 8UR F5iR
AR TG | R AN ST ARIE 595 55 R 8K

4 g

1) GH4065A # 2A5H SUwAr ™ 1, il i & #EY
ST T BB R AT, IV [ v Ak B S &2 vk B
AT ] ARAS L /N ) 2 2R S P i B 5 R A MERE
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S sy AR B A RS S R T R AEETHLIER R
) AE T 1R BE 5 10 A8 3 % T A 7E Z FEAZ ML, R
PO T R AR AL T BRSNS . A BT £
15 B AE EPE AT B B, Xy A AR AT s B T4
MR G C R B Z RS0 AR Mk L) S 4 41
AL RS W U, FL T 2 P47 32 ZAO T 4 58
5k,

2) BESE GH4065A 1E 650 °C ~750 °C F EA
e S EAL S E M, 100~ 6 000 h Bf 3k h—
Ky AR EARTE, S AL AT B W Mo i 2%
PEE T AR IR % 57 W 24T N A2 SRR | e 2%
Y& TSR TE S A NI B: DO -B
JIRASE I i 4 2 T A R I 728 -9 57 P i) 2 3k bl
WFFEAS L | 54 T AR AU AN 5E 3

3) WUBE HEL - SRR 5 AT 2 B A T A 0D i
Wi 5 28808 B, 33 76 8 1R T A7 P8 40 4 v i A
S Ffi  SAVEE R LB T A S AR, SR A A
AFRHE—A o T AU A SR RE R e ., (H
HHros 245 T 5050 = RUBE, X ke g i £k S Al
& FF AR (1) R G FEATR A A2

Hook e F GHA065A HHFFE W] UL R ILA J7
T (1) Bee LA S T2 eitss, &
Ly AR PR S 2 ROE R G 245
BEBAL G LR 2= S BOR LI T T2 M8 g
Ak 1T  A v Fn b BE R e I, 45 A B
N7 72 37 18 SR U R AP S 6 5 (B RS AL A 9 20 4L
PERLEE, BN T T2 8 TR S iR L B ie 5
Bl P, (2) Z9H 6 IRAR WL 5 75y 15000 A
5%, RGEWFIE GHA065A 7 i i AL 85 il B s Ay -
9 57 28 H IAEE N 1 4 2R M 4 4 v AR AL
A AL T O AL 1 1) 77 i T A Y | 25 G 4
PR A% S 56 54 56 36 T SE PR VEAR AR &R Ry TR A 1
ML 5 B B s AR LR 2 A M . (3) MR 4%
AIEEMERARIFSY . HE— 20 Ak R RE O 5 A
TS, R RSN 5 $RAb 35 K 5% 4 i ) R 4
FoAR S R B J1-41 2P RE 19 22 R R A A
R, 58 35 45 3k 75 o PEAE 5 M RE SO O v, HE B
GH4065A TE R 5 4k Ko 5 5 w2 1R A8 14 v 1 A A
TR SR IR A
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