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Effects of Thermal History on High Temperature Tensile Properties of
HIP-consolidated Powder of a Ni-base Superalloy
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Tatsuyuki MAETA, Shizuo NAKAZAWA and
Michio YAMAZAKI

Synopsis :

A study was made on effects of conditions of heat treatment on tensile properties at 760°C for HIP-con-
solidated powder of a Ni-base superalloy with a designed 7’-phase content of 65%.
The heat treatment comprised two or three stages : solutionizing, (intermediate heat treatment), and

aging.

Experimental Yield-Strength (YS) and Ultimate-Tensile-Strength (UTS) were classified into two levels,

depending on the conditions of heat treatment.
of 7’-phase.

The classification matched well with the difference of size
Gamma-prime phase was fine and experimental YS and UTS were high, when cooling after

solutionizing was rapid, or when an intermediate heat treatment at comparatively high temperature was
applied. The reverses were the case when the rate of the cooling or the temperature of the intermediate

heat treatment was reversed.

Rupture elongation significantly varied depending on the conditions of heat treatment.
however, was not accounted for by change of structure.

The variation,
Elongation was large when cooling after solu-

tionizing was slow, while it was small when solutionizing was prolonged, when cooling after it was rapid, or

when an intermediate treatment was applied.

The best performance was obtained when a specimen was solutionized for 1h and air-cooled thereafter,

followed by aging without intermediate treatment.

Key words : Ni-base superalloy ; HIP-consolidation ; powder metallurgy ; tensile properties ; heat treatment.

1. # =l

Y st o=y y VESESIFEHTICH 2D
A1 5 O EETH B, €0 BIAB ORI %
Bz, TOMBTHEMFEGRRBICRETED LS
WKTaZkicdh, BB OWHR= v ¥ VEGED
BaE, WHHEE L2 Y HoKRESEBKREEZXSDC
L, EROKESEBREEZD L, E5ITRIY
Lo oEEONHEYORESLELHG T AL L%

BEHLTWA.

BALEBIC OV, = v ¥ VERELZFICHR KD
THIEFIE L OWMENH B, FHICELIONA TS
FER, WMEOBICHIHTEE 2 RAFOBSFEFICEZ NS
Eno, TRTOBFIERTESL L) 2 AkOEG L
W LD SNTEST, 72, REORMEENG
ERBT OB LFELVILDOHFLEL V.
D7, BMBORBEREIHEEZOERENICED
FTHEMCBETHAILEYHER ENS,

BEFI 63 4F 11 AXRRBHEKRICTEEK WA 634 7 A 4 HEAF (Received July 4, 1988)
*  SRBAEERTIZERT (National Research Institute for Metals, 2-3-12 Nakameguro Meguro-ku, Tokyo 153)
*2 SREMEERIZRT T (National Research Institute for Metals)
*3 SREMEHEAERT (R /S TERS%K) (National Research Institute for Metals, Now Koganei Technical High

School)

—111—



818 % r #W & 754 (1989) B 5 &

AWFFRIE, = v ¥ VESEOF T ILENARFEI2E
TAHADIERM*ETHLEEZIONLE YV TATVE
EVOHmEKD, SIER L - —FEMB o HIP #2388 & L,
BRLOREY —FE L LT, BB, Bt
Wt DG EERRE, BRCLBEZOPEZLEOFE
FOIRE, BIUHEOFEL CORT*EESET, &
NHAT760°C TOFRFHICED X ICELBT L0 %
RaFLbDTH A,

2. R B F &k

2-1 &%

SEOERICE=y ¥ VEEOHKE HIP TEILL
72 (HIP #) ¥fHLZ:. AVWAE4ED A VT 4
VIR My 2O % Table 1 12787, T OEE
B LB R S BEEBRERO v AL
Zo X VESEE LTHICHBLL-bDT, F0 ¥ H
DEHEL 760°C HHET 65% LEtE S hTw5b. HIP
Hit, COEEEXHF AT P4 XETHEKELY, #0
150 A v ¥ 2 LFORSF 2 BBOERIHED, 1000 K
JE, 1100°C T 2h o HIP ¥ % L CTIESLL 7-.

2-2 AP

Bz HIP M55 1em X 1em X 5 em F25E DM
¥ EBEYOHL, ThicoW»T Fig. 1 IRT &9 %8
y—OBIBE R IT O,

DL, MOBLED /(Y — VidE—BROBMLEE
W%z —XT (3% A, B, C, D), ZOE»
BEE, HOPLDTAVIT Y HFAEFL RS 1250°C
KHREFEL THHAICLBRDOEME Ah, BHIZOTTH
HEBENOWREBED 1250°C ISEL T HHEDE
BREET AR KD, B, BBICELZERGEH
10 min TH o7z, RIFEFAEIX 30min (FFFA), 1h (K
¥B), 2h (¥ C), 4h (R¥D) &L <o
1250°C R FREROER»OZOEED YV HO VL
NABEINETHEVIRELEESNRETHS. &t
B, 1250°C TOBME L RETIIEBRICLE LIPS
LT hH. FREDEMIGELLEZAT, ABEERAF
WEHHL, HED L RFERAOFEM TR ELED 2
5, WOLARRTTHHILA (760°C T TOFHH
HEE 9°C/s). EmE THHENAHBEIFIEHENT
760°C ICBR2 ZAFIC AR, FRBHCEE L BB OIREE
DITRMEAS 760°C 12 B I THRIEBL, FOREENS 20

hRFEL T, L25BERPICIDBLTRm LA, o
D 760°C TOBME % R CIIRHFHURBLIFRZ L &
5.

MohBizGHEEYEX 2R (RBE, F) T,
FCHRAR7BECLBE O 72D DOMERE 1hiT27-0 b,
FREFRRDLICLTEEHLZHDOTH 5.

o iM% (RBE): rEnBMEHRILo /O oMkt
Fo7z0b, FEroWHEBL, TR 41 OIS
ALTERTTHH (760°C £ TOFEHGHHEE
61°C/s).

«fFs (RBF) : FTEDBHbo oo e47>
T-ob, B EFORCRBELEIFOMGEN R
#iLT, Fig. 1 ®& 5 %2:#E T 760°C ¥ THH L (760°C
I COFHGEHEE 0.1°C/s), ZOHRIIERT THS.
LA, EICBRAZABBRIORICIWRShTnE
WA, ZDY) - XDRBD—DEEZ B EHNTES.
37, BHBROERBZETHER~O L FAEDOHETR
FHFE L7, %8, TOBRICIER ERSMEEITbR
WikE BRELK) OB sy —  HRLTH B, &
NiF E TR HET 1h OB LMEDOA T2 T
ERL 72D TH 5.

Solution Intermediate  Aging
S 1 250°Cz (760°C, 20h)

1250,
C. A
(o]
1250] (~F.C.(0.1°C/sec)
0.Q.(61°C/sec)
760°C 1
AC. ®
® AC|
(o]

C.(20min) §1175°c

Temp.(°C)

Temp.(°C)

1 1100°C 1100°C
1025°C

Temp.(°C)

612 4 01 0

Time (h)

Fig. 1. Pattern of heat treatment of specimens.
Letters in a circle stands for the specimens. F.C.,,
A.C. and O.Q. stand for furnace cooling, air cooling
and oil quenching, respectively. Their average cool-
ing rates were 0.1, 9.0 and 61°C/s, respectively.

Table 1. Analyzed composition of employed melting stock (wt%).
Ni Co Cr w Al Ti Nb Ta Hf Zr C B
Balance’ 8.46 8.12 11.98 5.11 0.84 0.03 4.17 0.90 0.04 0.02 0.017
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Table 2. Sizes of crystalline grains and 7’-phase (um).
Specimens A B c D E F G H I J K
Grain size 33 22 35 37 28 38 35 29 3 31 30
7’ size 0.25 0.18 0.18 0.18 0.18 0.62 0.18 0.18 0.37 0.62 0.18
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Fig. 2. Scheme of crack propagation and position
of each step in stress-elongation curve (Size of the
specimens are not in proportion).
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Photo. 1. Facets and cracks seen on the outer
surface of specimen in the vicinity of rupture sec-
tion (Specimen G). Direction of stress : vertical in
the picture. ‘
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Photo. 2. Slip bands seen on the outer surface in
the vicinity of rupture section (Specimen H).
Direction of stress : vertical in the picture.

Photo. 3.
cross-section (Specimen H).
holiizontal in the picture.

Intra-grain crack seen in longitudinal
Direction of stress:
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Photo. 4. Slip band seen in longitudinal cross-
section (a) and its.scheme (b) (Specimen H).
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Photo. 5. Structure of the specimen solution-
treated for 0.5 h (Specimen A).
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Fig. 3. Variation of tensile properties in terms of
time of solution treatment.
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Fig. 4. Variation of tensile properties in terms of
cooling rate.
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Fig. 5. Variation of tensile properties in terms of
temperature of intermediate heat treatment.
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Photo. 6. SEM pictures for
the specimens subjected to in-
termediate heat treatments.
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Fig. 6. Effect of aging treatment on tensile prop-
erties.
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