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Effects of Aging and Stress Aging on Creep Resistance of Single Crystal Ni-base Superalloy CMSX-4

Yoshihiro Konoo, Naoya Krrazaki, Jivou Navmekata, Narihito Om and Hiroshi Hattor:

Synopsis : Influence of the formation of rafted structure of 9" phase on creep resistance has been investigated using a single crystal

nickel-base superalloy, CMSX-4. The rafted structure of 5’ was controlled by conducting stress aging (creep test) at
1273K-160MPa up to 3.24 X 10%. Aging without stress, called simple aging, was also performed at 1273K up to 3.6 X
10%s. Cuboidal ¥’ in the specimen as heat treated turned to the rafted one during a transient creep stage of stress aging.
In the simple aging, cuboidal y” became larger without changing their shape. The stress enhanced creep tests were
conducted at 1273K-250MPa to evaluate the creep resistance of the stress aged specimens and the simple aged ones.
There was little difference in the minimum creep rate between the simple aged specimens and as heat treated one. But
minimum creep rates of stress aged specimens were always larger than those of as heat treated one. The TEM
observation of specimens interrupted the stress enhanced creep test at minimum creep rate showed that the stress aged
specimens have the y region partially with high dislocation density which was not detected both in as heat treated
specimen and the simple aged ones. The larger minimum creep rate in the stress aged specimens with rafted structure

of v’ phase was caused by the increase in the width of the channel of y matrix.
Key words : creep ; superalloy ; single crystal ; " phase ; rafted structure.
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Table 1. Chemical composition of a single crystal

nickel-base superalloy, CMSX-4, inves-
tigated (wt%).

Al
5.5

Cr
6.4

Ti
0.9

Mo
6.3

Co
9.3

Ta
6.2

w
6.2

Re
2.8

Hf
0.1

Ni
Bal.

OB MR AL L B S 4 ¢ 1550K X 7.2X 10% —1561K X 7.2% 10%s —1569K X
1.08 X 10%s > 1577K X 1.08 X 10%s — 1586K X 7.2 X 103 — 1589K X 7.2
x 103 —1591K X 7.2 X 10%s —1594K X 7.2 X 10%s —>Gas fan cool

12 BRI A1 ¢ 1413K X 2.16 X 10%s —1144K X 7.2 X 10%*s = Air cool
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Fig. 1. Scahning electron micrograph of a single
crystal nickel-base superalloy, CMSX-4.
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Fig. 2. Creep rate-time curve of the specimen crept.
at 1273K-160MPa. The arrows mean stress
~ aging time.
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Fig. 5. Changes in the volume fraction of ¢’ of the
simple-aged and stress-aged specimens with
aging time at 1273K.
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Fig. 7. Changes in time to rupture at 1273K-
250MPa of the specimens as heat treated,
simple-aged and stress-aged with aging
time.
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Fig. 8. Creep rate-time curves at 1273K-250MPa of
the specimens as heat treated, simple-aged
for 3.60X10% and stress-aged for 1.08 X 108s.
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Fig. 9. Changes in minimum creep rate at 1273K-
250MPa of the specimens as heat treated,
simple-aged and stress-aged with aging
time.
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Fig. 10. Transmission electron micrograph of the
specimen as heat treated and crept up to
minimum creep rate at 1273K-250MPa.

Fig. 11. Transmission electron micrograph of the
specimen simple-aged for 3.6X10°% and
crept up to minimum creep rate at 1273K-
250MPa.
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Fig. 12. Transmission electron micrograph of the
specimen stress-aged for 1.08X10°% and
crept up to minimum creep rate at 1273K-
250MPa.

Fig. 13. Transmission electron micrograph of the
specimen stress-aged for 3.24X10° and
crept up to minimum creep rate at 1273K-
250MPa.



B NIZEEAECMSX-4D 27 ¥ — Z4EH0C RIF T Bt 3s & UUS 1 issh o Bsim

TARLEDNAEMUVYBEINSG LI IR, DL 51T,
REFHA AT 280 TSSO, BMEEDH
SIS NI TR E .

£ 2 AT, Dysonb iy FHOBEE I B CNIBAEC
BT, MEZ ) —HBETD2 ) =0T A5 2
=7 RE ORI, FIEEALEEOMIMERT 5 2 L &
T L1299, ARTRZET b, 2 Y — M T L 7206 )1 B
M3 © T, y BHP ISR E E O @ CHRDTER 3N, v/
RE BT EMOEDS 2, 06T HFHEEMEEDOR
MEMET 22 EIRT S Lwds, IR IIDyson & & FlkE
DFERDE 6 1172, Dyson 6 & 27 V — 7D @ BFE 51 o
TRYERE AL LT B2, WEEEMOROR D 2
Y —IEMOBE T2 L & v ) BEIRIERBAFIEIL L,
Lo L, y MHIZEENLIC & » TCuttingd T2 b, &
B2V -2 HHRECEEI N L E, AR ICE D 5 RER
FHETD 2 ) —7OHEBRRIEMNO L RER L ALE 2,
L1zdS> T, g2 V=231 5 2 Y —HHL O R
27 7 MEEDREN - Ty M Dy FHDIEH BT
WARLT, KsLz Y —FEEEXHBCIRI:DEHELLNS,
yEHP DEMBEIECDIL, v/y REIEMHBIK S 1
Rt EHERRLI, 212, TARZ P T O
FEEENA D 7 Y — 74P 5T BALRR A (2 b~/ 8 v DU,
IS NEEFTTORENI I Tidy MRy FHOMFIZIE L A
ERLL T voizq L, v BRIy ROk % FEs
MBI THERPEDIILICE s LifERLL, 26D
RERL Y,y HOBIEEDT0% ZHB L CMSX-4 ¥ 5
Yy DS 7 MRIZ 2 Y =258 b LTHEIC 2 Lk e !, &
LAz ) =25kt LTEIC b D LiEwma s,

5. i&#

ARFFR T, BAAMNIEBAS, CMSX-4 #Hw, 2
— 7R 2 O TELEL, v DS 7 MrofRE %
EREMCKRD 5 L L LI, IROBNERIM O W TIEA
PEler ) —7REB ATV, 7)) —7 P2 3HE L 1o,
FIRE DRSS 2 BALERSHIZ D © T b 474, Mg o lsiRst o
oTy DS 7 M2 ) =B 2 ED 2D ED %
BE LT, LFoMwmERc.

1)CMSX- 4 \CHMBERhZHET L, o fHIZS LA HE
LTHRRC L 5, Lo L, inhEEshz T Ly ARIRIS ) dh
LR LIEEACEELT, 7 MVEEPERT S, &

81

CURIEMORhPHTE S 7 MR NS,

2) v HHOBRE RIS 35 & U shR i ik fE e 312
IE—ZFThHb, 2729y DT 22 | Hoid AL Tl
BERIEER AR E R TIIE—ETH 2 5%, IS HESIM ClamE
FOREREICAECEI L, BB 7 2 LciR, H2 103 U1K
T¥ 5,

3)CMSX- 4 IZHHMFFI 2 L T & 2 V) — 2 BEre 1
BEAERILL WD, JoHEZHET L 2 ) — Bkl
BB LT 3,

4)CMSX- 4 HMFEFNZH L TYH, @minhz Y —78R
B2 ) = EERZIEZEAEELRL 20D, b
NkphEET L, mohz ) =R a5 0N2 Y —
T RIRERTRERD AT IE E T 5,

5)EIeH 27 ) —7RER TR 2 ) — P HER T L
PEHRE R T RER 245 1k L 7o R O fR L P ERAHAR R EE L v, K
BERM 3 & CHAMEF A 3 » TRy /vy RE Dy R
MM AFAE L, B Z R T 29T, o PRI LAY
BEane, —F, IR CIk R OB ok
WCIEPLI /) RSO T {, yEHEHRz bz TR
FEOBCHEEITED ONDE LD, 204 5 kyFKit
Ty HHHE D yHOBEPIR L T 3,

6)LLEDRRL b, @2 Y =T 2 DS 2
Mz 2z ) =7 bt LT3, LAz Y —751t
ELTEIl b t#Emans,

X N

1) J.K.Tien and R.P.Gamble: Met. Trans. A, 3 (1972), p.2157

2) M.V.Nathal and L.J.Ebert : Met. Trans. A, 16 (1985), p.427

3) D.D.Pearson, F.D.Lemkey and B.H.Kear: Proc. of the 4th
Int’l Conf. Superalloys 1980, (1980), p.513

4) R.AMacKay and L.J.Ebert: Met. Trans. A, 16 (1985), p.1969

5) M.V.Nathal, R.A.MacKay and R.V.Miner : Met. Trans. A, 20
(1989), p.133

6) D.A.-Woodford : J.Eng. Mater. Technol., 101 (1979), p.311

7) N.Shin-ya and S.R.Keown : Mater. Sci., 13 (1979), p.89

K.R.Williams and B.Wilshire: Mater. Sci. Eng., 28 (1977),

p.289

.9) K.R.Williams and B.J.Cane : Mater. Sci. Eng., 38 (1979), p.199

10) C.J.Bolton, B.F.Dyson and K.R.Williams : Mater. Sci. Eng., 46
(1980), p.231

L.P.Stoter : J.Mater. Sci., 16 (1981), p.1039

R.A.Stevens and P.E.]J.Flewitt : Mater. Sci. Eng., 37 (1979),
p.237

13) J.M.Leitnaker and J.Bentley : Met. Trans. A, 8 (1977), p.1605
14) J.H.Hoke and F.Eberle : Trans. ASME, 79 (1957), p.307

15) B.F.Dyson and M.McLean: Acta Metall., 31 (1983), p.17

11)
12)

573 HN



