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Relationship between Precipitation Behavior and Creep Property of Stabilizing-treated Alloy 706

Takashi Susata, Yukoh Suuvo, Yuichi Yosumo, Tatsuya Takauasuiand Tokhru Isuicuro

Synopsis : For Ni-Fe-base superalloy 706, a stabilizing treatment between solution-annealing and age- hardening treatments has
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been proposed to improve its creep rupture life. The precipitation behavior of Alloy 706 was investigated in the present
study and related with creep rupture properties. Samples taken from a gas turbine disk forging were solution-treated
at 980°C for 3 h and stabilizing-treated in a range of 780 to 900°C for 1.5 h, followed by the double-aging at 720°C for
8 h and at 620°C for 8 h. Precipitation behavior of these samples was examined by SEM and TEM, and creep rupture
tests were conducted at three conditions. Four kinds of intra-granular precipitates were identified : fine y’-y” co-
precipitates having the core of 9" being overlaid with y” on its top and/or bottom, large y'-y” co-precipitates having
the core of 7’ being completely covered with y”, large ¥ precipitates and fine y” precipitates. At the grain boundary
» was identified and found to be accompanied by a serrated grain boundary and denuded zone. Such precipitation
behavior was significantly affected by stabilizing temperature, especially below 840°C, and so was creep rupture
property accordingly. It is concluded that the best creep rupture properties are obtained when an optimum combination
is established among intra-granular fine y’-y” co-precipitates,
inter-granular # phase.
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Table 1. Chemical composition of Alloy 706.
(mass%)

Ni Fe Cr Al Ti Nb B C€C N Si Mn P S
42.0 37.1 15.65 0.26 1.54 2.96 0.00340.0080.0046 0.05 0.02 <0.003 <0.0005
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Fig. 1. SEM micrographs of Alloy 706 aged follow-
ing the stabilizing teatment at various tem-
peratures : (a) unstabilized, (b) 900°C, (c) 870°
C, (d) 840°C, (e) 810°C and (f) 780°C.

Fig. 2. TEM micrograph and selected area diffrac-
tion pattern of Alloy 706 stabilized at 810°C
and aged.

HarIELIEMANTVLY, 22T, 7, KINOIRIb
Mt DR E 24778 - 12,

810°C R UF840°CT L ELILTE % g L 7o 1% L By ShiL s L 72
BRI, RFETEZEI NI A TORNTHEAED R L
120 810°C T2 EALLE % 5 L 7235 A D TEM$ # Fig. 2 {7
T, BRACTEOR L 2 HEHOH D EE L, §
FRALEFIIATIR Iy M D 5 Iy FHDAFAE 2 /R 3 BT
RETDHARIZED 6N b, 2 2T, b —aiEic g h K2
DT DRIZ ZiT k-T2 2 A, RINCIEKRCRT 45
oM MR LTS,

37, Fig. 2 9 DaldyfHTH b, K& 33 E100nmFRE
ERINATHY L L TR T H - 12, K IZ, Fig. 2 #
Dblky"HTH v, K& 3 EFHomfRE L IEF CHEITH -
72, 8 612, Fig. 2 HiR Tk FdizAlloy 70623 5 ¢
KDHE TRHIDE o/~ " ST AT H 5 2 LDMIBA LI,
CIRZHEV. D -y AT T H 9, F1OnmAEE DK
53 ThHo1z, 2 OIEMTHAIENE Y SL T EIRD ) FTH Y,



Fig. 3. TEM micrograph and selected area diffrac-
tion pattern of Alloy 706 stabilized at 780°C
and aged.

Fig. 4. TEM micrograph and selected area diffrac-
tiondpattern of Alloy 706 unstabilized and
aged.
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Fig. 5. TEM micrograph and selected area diffrac-
tion pattern of grain boundary in Alloy 706
stabilized at 810°C and aged.
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Fig. 6. TEM micrographs near the grain boundary
of Alloy 706 aged after the stabilization at
(a) 810°C and (b) 780°C.
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Fig. 7. Creep rupture curves of Alloy 706 tested at
600°C/686.5 MPa.
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Fig. 8. Creep rupture curves of Alloy 706 tested at
600°C/745.3 MPa.
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Fig. 9. Creep rupture curves of Alloy 706 tested at
650°C/686.5MPa.
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Fig. 10. Change in the minimum creep rate of Alloy
706 with stabilizing temperature.
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Fig. 11. Change in the relative duration of tertially
creep to creep rupture life with stabilizing
temperature.
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Fig. 12. SEM fractographs of ruptured Alloy 706
(a) unstabilized and (b) stabilized at 810°C.
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