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Effect of Aging Heat-treatment Condition on Creep-rupture
Strength of Nickel-base Single Crystal Superalloys
Takehiro OHNO, Rikizo WATANABE and Akira YOSHINARI
Synopsis :

Creep-rupture strengths and microstructures of two single crystal superalloys, NASAIR100 and
CMSX-3, heat-treated at various conditions were investigated. As aging temperature was raised, ¥’ parti-
cles coarsened and its morphology changed as follows ; irregular cube—regullar cube—rounded cube—plate.
Optimum creep-rupture strength at 1 040°C and 760°C was obtained in the specimens in which the initial 7’
morphology was regularly cuboidal. The reason was related to the degree of perfection of “rafted” struc-
ture during 1 040°C creep and to the change in the deformation mechanism from cutting to by-passing model
during 760°C creep. The morphological change of ¥’ particles is strongly influenced by the lattice mis-
match between 7 and 7’ phases, thus the optimum heat-treatment condition varies with alloys. For an alloy
with larger absolute value of lattice mismatch, heat-treatment at lower temperature is desirable and for an
alloy with smaller one, heat-treatment at higher temperature is available.

Key words : heat-treatment ; superalloy ; creep; single crystal ; nickel-base alloy ; gamma prime phase ; ag-
ing heat-treatment ; lattice mismatch.
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Table 1. Chemical composition ranges of the single crystal specimens (mass%).
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Table 2. Heat treatment conditions.

No. Solution treatment Aging treatment

A ———

B NASAIR 100 980°C X 5h, AC+870°CX20h, AC
C 1320°CX4h, AC 1030°C X 5h, AC+870°CX 20h, AC
D CMSX-3 1080°C X 5h, AC+870°CX20h, AC
E 1310°CX16h, AC 1130°CX5h, AC+870°C X 20h, AC
F 1180°CX5h, AC+870°CX20h, AC
G 1230°C X 5h, AC+870°CX20h, AC
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Effect of aging temperature on 7’ particle
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Photo. 1.

Transmission electron micrographs of NASAIR100 and CMSX-3 heat-treated at various conditions.
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Fig. 2. Effect of the misfit at interface between 7
and 7’ on the morphology of 7’
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Photo. 2. Transmission electron micrographs of
NASAIR100 and CMSX-3 heat-treated and held at
1 040°C for 20 h.
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Photo. 3. Scanning electron micrographs of {a) NASAIR100 and (b) CMSX-3 crept at
1040°C-137 MPa for 5 h and 100 h. Stress axis is vertical.
25 naeaRToo Igggt (a) 1080C—137MPa  _ NASAIR 10O ]
ASAIR 100 ! omenR100 3
600
+ - 500F ]
R o dor ]
\i:/ 3 300 4
s
5 200
®
100
1000} .
800} ]
goof ]
= ol
@ 400f §
—_ a L
® 15t A 4 0 Initial ¥’ morphology
€ L A irregular cu i
i F —D 0 a] regxﬁar cubeb,é
& 10 * : ;T:tneded cube
5L 100 a'éﬁg w0 1080 N8
Aging temperature (*C)
0 00 400 600 Fig. 4. Effect of aging treatment on creep-
Time () rupture life of NASAIR100 and CMSX-3.
A : No aging
B :980°C X 5h, AC + 870°C X 20 h, AC
B TG e T Bt o A Fig. 5 & Fig. 4(a)x f~b &, 2V — TRAEK 100
Fig. 3. Creep curves at 1 040°C-137MPa. h @ Raft D7 A2 Mz 2 Y — TiEE L K<L

LR E AT 1130°C G2 ¥—2 L LT, #h
S NRBAN B XOERAD S S OBSMEDOBEEIZ D
KT35.

7)) — 7BM% 5h BX O 100h © SEM #Liko—5l
%, Photo. 3 (IR Y. F WMLESMGE 7 U—TH
Mt 5h BLO100h @ Raft D7 2~ FHOBEY
Fig. 5 27”7,

TBH, EREOEW (7T AXZ MEOKZ V) Raft
B ARBATE 2 ) — THMTRE S5 25 2 Ehbh
5.

s 1) — FB#E#H 5h Tid NASAIR100 (2B W Tid ¥
TIZ Raft DR AHEA TV ABED, CMSX-3 Tiklis A
EHEATVR. 7)) — TR 5 h OREILIBIRE &
Raft ® 7 A~ 2 b ILORRIX, 1180°C Hishilktx o2&
X ) — Tk HE 100h O£ h & FEHEM ERT.

—116 —



Ni ZHERBIRAGED 7 ) — THIGEE KT T ML EENOXE 969

4 - .
— NASAIR |00
---CMSX-3

Aspect ratio
N

ﬂ’ Sh creep

Initial 7’ morphology
irregular cube
regular cube
rounded cube
plate

Be0D>

No 980 1080 1180
agi
ging Aging temperature (°C)

Fig. 5. Effect of aging treatment on aspect ratio
of 7’ after 5 h and 100 h creep.

1180°C BERhAE D 7 2R 7 b IATHERMK S VDI,
7)) — 7HtEE OB TIHRIRD v RFOESE L, B
I2—# Raft fLLCwi7=dtBbh b,

Raft OFEREEE & SRR 7 ) — THRBEO v kT
DL FEIEBLTVA, T2bb, CMSX-3 D
IEIER T OBRAEC A O N A X I Y — THILEREIC
y, v P BESRETH T, 7y T TENFKELT
FHEHIR TS L - ##%i3 &, Raft OFRHE A5 <
oS E B Vv, — 7, NASAIRI00 8 X O
CMSX-3 oEiBRB CORMABICALONDE L) IZY
Y — TEBEED 7, v HSEESRETH L, 7R
FPEASREWVIEEER S NS Raft DIRATLL, TR
7 PN E W,

COBHIADISICELONS., ) - TERHD
Y RFORKRENRE, 1) 7, ¥ HBTFERI ATy
FIRSCHEHIAVF—BIUNTNE I X2 F DM
EfEf 3 v ¥— (FEEHIHE), 2) 7, v HEo
HHROEVICEANNOENICESICRT Y vy LT
% )V ¥F—24t (Inhomogeneity F&), % 5 U 3) 7Y
MRELANF—, O3FEOTFVF—DFRFVIZX
DOTRI A, — g hE—EELTHE, IR
7 9 FOMIHEL/ NS VIFET ARTANVF—27KE
Wity Y HEERRCZDRTL, #HIZIATyFOD
MR E VI T RE A VT —H/hS 0L,
Y HIBRRICZ D R v, wE, Y oYy SRRy
HMozhihKEL?D, 3%y F §PWATHIHGIK
DOBE, 1)BXU2) DPHRICEICRDOIANF—

PALRTEZE LS, vV P T L= FRTHDICH L TE
ML BBETIFELEL DY, Raft iz > 0%
g,

oz Eh s, Wy RECEMLEIER S hcE
BHEREOHE CIATICNRREIDSLBDLD,
Raft TR OBREI I 3/N S <, 2208 v KF~TEHFK
X\ 3 PR S WA Raft DIEASTL V729 Raft 2545%
BB, —IF, VRTHFEANELAIRETE v R
FAUh S WIS, FREICH L CRAOEEHKE (LD
EORMIANF—OFEE/AS L LL I & LTERRIL
T HEmAH D, AHBIL Raft 2FER LR T 2%,
Wz, Y RFIREL LLERBMIANF—DOFSH
Hxggichs <y, HENEBRE NS RE 22T, M
Bty % Raft 2 5.

2T, 27— THRERO v RTFOREES ) -7
MEICKECHETS, Thbby ) — THREARICLY
IR 7 WFASRAIE L < EBHI L - 8RkLT, KD
47 Raft BT 5707 ) —THETRKICT .
RSICRBEO Y NTRES S 25 -0 ORRLE A
i, &0 7, v HOBTEBRIAT y FILLDELRY,
IAT Y FORMEDOK E WEETRKRM, hEvdE
£ TRERAORLHEAEL L.

NatiaL 3 ZLER %O v RFOFEL 7)) — THEE %
RS CARIZE & IO R BTV EY. L
LAZE THW 2 NASAIRIO0 DX HIZI AT » FD
KEVWEETIRY ) — 7TRBRRE CRERC v NFO
Rl T o0, BAEEZO v NTFOREL Y
) — TSR, 7 U — 7RO v KT IRE
E ) — THRENX ST A, Nathar V6%
Dy v HOBFERI ATy FOMIER
NASAIR100 ®ZFh X /N& L, /7)) — 7THEBRER
bEFERTCHHDOT, 7 —7TRERERE AR, REF
o y RFOREETLELEAL 222 bDLED
h, BLEZOMEKS ) —THEEL B LIEEZD
ns.

3-3 760°C-750 MPa 7 1) —7

760°C-750 MPa 28 % 7 ') — 7Hi#i % Fig. 6 127
. FERUEEE L ) - STHEREEOBEE
Fig. 4(b)IZ7R$. NASAIRI00 @ 7 V) — 7HEBTE 2,
980°C BRI AXB A RETH SH. —H CMSX-3 DV —
THERTBERT X, 1130°C BbEAB I BRETH 5.

) — 7Btk 5h © TEM ##&k%* Photo. 4 27",
NASAIR100 12 31 A2 EHELLE s 0B B LT
980°C HERhEtEHIC X, 7 BT % Cut T HEALARED ©
na., ) —7HRIZBITAS Y T O Cutting 12X

—117—



970 #, ¢ @

% 75 4 (1989) %5 6 B

A : No aging

S

NASAIR 00

CMSX-3

| B:90°C aging | :

1 F i 1180C aging

1080°C_aging

Photo. 4. Transmission electron micrographs of NASAIR100 and CMSX-3 crept at
760°C-750 MPa for 5 h. The cutting dislocations are indicated by the arrows.
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