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Table 1 Nominal compositions of GH4098 alloy™®! (w/%)
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Fig.1 Sketch of the stress rupture specimen for GH4098 alloy
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Fig.2 Typical as-received microstructures of GH4098 alloys: (a) optical microstructure, (b) carbides in grain interiors and grain

boundaries (SEM image), (c) carbides along grain boundaries (SEM image), and (d) morphology and distribution of y’ phase (TEM

image)
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Fig.3 Optical microstructures of GH4098 alloy after heat treatment at different temperatures for 1 h followed by water quenching: (a) 800 C, (b)

900 °C, and (c) 1000 ‘C
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Fig.4 »’ morphologies in GH4098 alloy after heat treatment at different temperatures for 1 h followed by water quenching: (a) 800 C,

(b) 900 C, and (c) 1000 C
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Fig.5 Carbide morphologies along grain boundary in GH4098 alloy after heat treatment at different temperatures for 1 h followed by
water quenching: (a) 800 C, (b) 900 °C, and (c) 1000 C
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Table 2 Microhardness of the original sample and the heat-
treated samples after heating at different

temperatures for 1 h followed by water quenching

1000 C,
1h
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Samples sample
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Microhardness
/10 MPa 398.6+15.6 410.0#+10.9 374.1+16.8 287.549.2
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Fig.6 Relationships between rupture stress and rupture time (a)

and Larson-Miller curves (b) for GH4098 alloys
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Fig.7 Microstructures in the gauge length (5 mm away from
fracture surface) and in the grip section (30 mm away from
fracture surface) of GH4098 alloys after the stress rupture
test for 1 h under different temperatures and stresses: (a)
800 ‘C, 590 MPa, (b) 900 “C, 320 MPa, (c) 1000 ‘C, 100
MPa; 1-the gauge section, 2-the grip section
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Fig.8 Optical microstructure in longitudinal section of GH4098 alloys after the stress rupture test at different temperatures and stresses
for 1 h: (a) 800 C, 590 MPa; (b) 900 C, 320 MPa; (c) 1000 C, 100 MPa
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Fig.9 Fracture surfaces of GH4098 alloys after the stress rupture
test at different temperatures and stresses for 1 h: (a)
800 ‘C, 590 MPa; (b) 900 ‘C, 320 MPa; (c) 1000 ‘C, 100
MPa
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T, A HE X AT R RSP — E R .
Mao %5 A\ R 70 0H . K U720L1 & 4 7F 1175 CIRiR
5min JEHEIRA E, MR HEE M 171.6 C/min FEK 2
11.0 C/min JG, &£ y AR EO 33.3%4HE M 2
44.1%, yHIRSFIIA 166 K KA 440 nmPS, AR5
£ 800 ‘C/590 MPa ¥ A LI 1 h Wi )5, &4k
SKERAL > AH A AR 23 HOR RS B0RE L S50 1 T B B AR 4K
(K 4a f1lE 7a2). fHJ&, 900 ‘C/320 MPa A
1000 “C/100 MPa #H [F] 2k 1F Wi 3 J5 & & I S FAL 4
R BONEE A LI AT ) 14.5%F01 8.0% %3 Al 42 &1 &
22.3% A1 17.5%; 5 AH [F] i FE 7 A 92 56 7 /K 3 4 2
b, FEAWTR G & @I B AL 2 A RFAE 900 C kAR
KA R AR, {HAE 1000 C o2 AH R ] M ER A SZI6 R )
93.4 nm &5 % 115.0 nm (& 4b F1E 7b2 5K 4c f1 i
7c2). X EELRKCNSLIGEE R E RS, AW AR
K, Al Ti %46 m &Y g HA R E 7855
PG BT AT R, Ak, VA
T MBS — 2. HH TS AR Ak 32 B
T FIH e A R B O 91 RS 1) M. AZ BE . Behrouzghaemi
GNWFFURA .y A0 B ER TR 7% 48 9 57 07 R 55 R AL F)
— AN RSFBTL ol R A R AR i R e T i AT
RLAR e (RN, Y M RCHE T I SRR,
MEREKKR: WY RS S TR RS S, e
STJ7 R A K 3T B KRS 800 °C/590 MPa.
900 ‘C/320 MPa A LI MK 1 h Wi 5 & &k
KEAL A E I ERIE /A (B 7a2 Al 7b2), T
1000 ‘C/100 MPa [FIFE & AF T & @ kA AH | £
BUASE IR (B 7e2) . ik 45 % B 78 800 1 900 C
T, SHFEEEGRER L h KA EREMML, REHA
RN AL Ti 55 p AHTERROITER M) > AR i B A T %0
AT R, HGR T MRAE A BNIE R RN, BR
TS S BRI 045 o E 1000 C T, H 90k 05 2 AR v
15y MTE A I R RO ENE FRSE, HRl T AL T
LILRA I Y SR E RN T A S R
B, AEL[R] B A B B T AE A B R, OISR B
LN T

Bl 7[RI SR B B RS X T A 4 o IS A —
SERZ . WIET AT, 2 200 5% ik BURE S 7E 800, 900
A1 1000 C (1 RE AR S35 9 0.980,+ 0.8000, Fl
0.77002- 800 "C/590 MPa ¥ A S5 1 h Wi 54
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A JE T EERAR, bREEEAL o AT S-S I Sk R A
L, RAEAW R (B 7a1). H52, 900 ‘C/320 MPa
A11000 °C/100 MPa #H [ 25 14 T & S hw BEEBAL p AH
g3 ) A BE FEAOIR 70 A (Bl 7b1 A1 7cl). ik
SERLRE . R R ARG R R, R R itk
(R ) B RS A AR T RO AR 20 A, X 5K
BLA s ARy MR BB T Sl &y RS A %2
57 7 50 358 A AR [ B9
3.3 GH4098 &&MEIHFAITASEERAITANRE

i AR — M2 FE ARLE e i AV T A ) 2 W0 e AR 98
BEIIRE A1 T & AR (218 1 B AR T, i A i P 3
T 0.5Ty, IFARRN I8 H @K T 05002, FEATFA L
R Y1 AN (R AN 2o Wy R N NS N
W 6 1R A N IR A, FLIR AR IR BE /T 0.65T~0.77Ty,, 1H
i A8 N 77535 0.65002,~0.9800,, T FFAFF A 10
min~3 ho 54& el AR AN R R 2, o A8 B 7 45 ey 1
AFF AR, TR BOI AT AR5 .

W B T Igo-lgt, XUR % i £ F1 % pE
T BT I} 1] 47 Z 30 Larson-Miller i 2% 3k &b 38 55 & 1
REEHE . A% Guidk AR 90 I\ o e A F o B0 X 30 e A B
S B R EH Lk &, 1 Larson-Miller fli 25 i #04E
U 7 4 7 b 4 A T 400 ot R RIS 280, AR el b
W7 GHA098 & & (1 J I A M REHEAT T . &5
FFW . GH4098 & 4 7F 800, 900 F1 1000 °C 3 Fhik F
N, FEARL SRR AT IR A AN B R R (]
6a). & 6a KB fEmiRm R I, el bld
I 1go-lgt, XU HAb 3 E 0 A 4 A R B — 58 B ) 4%
PE B J I 45 A T iy BROAS [R) R — S T L () 24 T
(R o B AT TN . R, X e 4 b e B
#47 Larson-Miller i £ 40 & & & 4= 7£ 800 A1 900 C
(R B0 R b 2 A T 006 il 4 ) L, fELPE 1000 °C 1
FEAKHE S B ar AW (B 6b). X
HEREET M A &L RIGERF AT N ZE
S ek bR 2 T SR DR B T A 0 AR A A
K W R AR B RS HBON 78 9 2 U)AH 841,
W 5 T B B0 o A ARAR 3 B0 B35 BRI, AR AN
SR R AL S L SR R K

% G i AR AR N SR R A S AL IR A
HOE A A0 G R s AR 3 ML, e 04T, IRE
N, HTEAEWETESY B 2715 AP
WG KAEARE ), RIS E), (0 &S B i A
(¥ T BRI AN K, 3 3 R U P9 AR 1 4 O,
Crossman FiI Ashby“ st %81 @8- (KT
05002) T, 2 fi MU A8 o 28 15 P ok A 3 2 A [
JUPA KA b S 3l AR 27 F & S skt 2 d

PRI AR S R DT AR . R R )] (KT 0.500,2)
TERTN, BTRAREREKR, M E A,
A IS AE T RS 52 I W) 3@ i 28 R B A8 T RS B A0 1T #S
T4k S, RO AE G AR, MiE R ® (0.9T,) 1
L ATARAR IS, A2 T8 B s i B B R B S A B
EI i A oY, o A i A8 1 46 R N T R AR
87 A PO O B B ARG TR R, AR T
R AR REL, iET g, A T 345 10 min~3 h {1
LIS Ff AR REHE , ACHE FTAE 800, 900 AT 1000 C Fik
H e AN 850K, R w Bl & a0 i o B, 3
TIAMN TR EIFEEM R 1. (B2, #E
B A7 HE IS B A2 AR} i B A ) 32 AR TR AL,
IHgis LRTHE, AT GHA098 & 4 1) FE I
TR A AR T AL ) I SRy A 8 A AR L

BRI S G SR A R, ARGy MR T 1Y)
HAREEAHE: VIEPLH St LE . BRI R
A B R R T ks s T, R (5) xtil
FE 508 A 75 i LU AR5 RF AR 0 3048 BEAT 406 7T 15 B
JIEF (n B, F B T 65 A% 20 B ) I BURFR FE
WA EIRG 2 TR L BT R R n EEAK, AL
BRI R S8 AL R n AE AR B, (H R 3
OV R A R B BRI
MR FEAEAE — IR SR ST, i 0 S 3K T 58 7,
Bl N AVE FE GEHEART 0.5002), y MIUTHE SR &
TG & (I AR L A AL ES DI RI LI B Orowan ZEiEEAL
Hil, BREE R FRE 0 O GEHEOKT 10). 4N
FIASJE CAFFBhix B A LI, B 7 i Sz 7 /8 T i 5
IS T (R A3 L) A7 85 H Al i S R L 5 iR
yAIRERS, BREF R SR n BN GER AT 3~7) B4,
AN S0 W UL P 5 RE AT A LA 5 3 AR BHE AT
&, THEE A4 1E 800, 900 A1 1000 C R [ HE A K
J146% n 430N 12,91, 5.37 fi1 8.82, IRk, N7
343 10 min~3 h (KA RF APEREE S, AHIE FTAE 800,
900 A1 1000 C & ik HL M KF A N ) BOK
(0.6500,~0.9807 ), 7t i AH A FE 26 1~ 58L& &
K E AR BT R /1 (KT 0.5002). {H 244 900
F11000 C T BIFREARL S48 EEBAE (43504 5.37
8.82), XH&LGIHTH R AMYIA. WHiATE, 5
800 CH# ¥ 1 h AKF e H ML, HiREAmE
900 11 1000 C 5, #H[F &AM T & 4y #H B ARAR 45 H %
I, RN o AHRD S S BRAL R, i R A A
AP RE T N2 & 85248 N AR & HRE A
IRMGIE B IER S FR I ATRSr. S4h, ERX—REX
[P, EH L4 I8 3 51 1 6 B G AR AR FE AL i)t 2 Bt
AN FIRER LR AE G GHA098 & & 1E = il
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7o N )T R AR D FE B . B A v v N AR
PR L I A7 8 i AR LA AT 15 3 2B AT T

4 £ g

L fERTHFRRIREETEE N, GHA4098 & 4 Hi I
FF A7 i BB A IS AR ) 4 e T R, FLIEBE X A
I 7 A 3 i 1R s ) B A B R

2) GH4098 & 41t 3 FhAS [FIG AL T A I RF AR Ty
FT 275 iy 375 G WO B 1 8 & . A4 /E 800, 900
A1 1000 CHRASZIGMIR 1 h W20 R AR 5 BN
583, 323 1102 MPa, I £f A N J1 484 n 737l 4 12.91,
5.37 A1 8.82.

3) GH4098 & 4 7E Fr it 9t Iy il FE 3 [l Py 62 1) o K
W A5 U U R B R T 2, T e T IR E RS .

4) 1 1000 “CHF, & 4> 1R R7 AV BE AR BH 5 fw
= Larson-Miller fi4k, #FAVERE W3 K. BEAE IR
42, GHA098 & & ik fE L B4k, 1y Mk
RO B BRAG LA K o MR S SRR AL 0 O HLAL 2 5 &2 0
NESF/N YA TES R Y f A o Sy P
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Short Time Stress Rupture Property in GH4098 Alloy

Yuan Xiaofei, Ding Xianfei, Yagi Koichi, Zheng Yunrong, Feng Qiang
(National Centre for Materials Service Safety, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: Short time stress rupture properties (10 min~3 h) of GH4098 alloy have been investigated at different temperatures
(800~1000 <C) and stresses (90~680 MPa) after solution and aging treatment, combined with the characterization of microstructures and
fracture features. The results show that fracture features of GH4098 alloy are ductile and intergranular in all temperature range. Short time
stress rupture properties of the alloy degrade gradually with increasing the testing temperature, but they are significantly worse at 1000 <C.
Microstructural characterization indicates that there is little change in grain size with increasing the temperature. The deterioration of short
time stress rupture properties at higher temperature is ascribed to the reduction of y’ volume fraction as well as the coarsening of y’
precipitates and grain boundary carbides. In addition, the influence of cooling rate on microstructures as well as the differences between
short time creep and traditional creep was also discussed.

Key words: GH4098 alloy; stress rupture property; microstructure; fracture
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