it g 3

$#% & $8 Vol. 82 (1996) Nol0

Ni-Fe& &

el oo 1R

EHBE2Alloy 706 DTTPES)

Hioh* - EE B - EmiE Ehr - AE O E

Time-Temperature-Precipitation Behavior of
Ni-Fe Base Wrought Superalloy 706

Takashi Suisata, Yukoh Suuvo, Yuichi Yosumo, Tatsuya Taxauasm and Tohru Isnicuro

Synopsis :

The time-temperature-precipitation (T'TP) diagram is essential in the design of heat treatments for any precipitation
strengthened superalloy. Some TTP diagrams have been already presented for Ni-Fe-base superalloy 706, which has
been used for high temperature services. However, the y'-y” co-precipitate that is the most important strengthening
agent in this alloy is not seen in the literature. Moreover, effects of aluminum, titanium and niobium, important
substitutional elements in y” and y” precipitates, on the TTP behavior are not clear. In this study, the TTP and the
time-temperature-hardness (T'TH) diagrams are presented of the commercial Alloy 706 and experimental alloys
containing only one or two of the key elements in a temperature range from 600 to 900°C. The alloys containing Ti
were all age-hardenable, especially at temperatures between 700 and 800°C. The observation by an optical microscopy,
scanning electron microscopy and transmission electron microscopy revealed the y', 7,
precipitates in those alloys.
strengthening behavior of Alloy 706. Furthermore, both aluminum and niobium are virtually ineffective without
incorporating titanium with them. Niobium promotes the y” formation and suppresses the # formation. Aluminum
enhances the formation of stable y’-y” co-precipitates, more effectively in the co-existence of titanium and niobium.

y'-y” co-precipitates and 7
Among the three elements, titanium plays a most important role in the precipitation
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Table 1. Chemical compositions of experimental alloys.(mass %)

Alloy Ni Fe Cr Al Ti Nb C N (0] B Si Mn P S
No.1 43.36 39.23 16.43 0.34 0.01 0.05 <0.003 0.0033 0.0020 <0.005 0.035 0.010 <0.003 0.0008
No.2 43.75 37.74 16.23 0.04 1.68 0.05 0.003 0.0012 0.0025 <0.005 0.035 0.010 <0.003 0.0010
No.3 43.96 36.89 15.95 0.05 0.01 2.56 <0.003 0.0043 0.0145 <0.005 0.040 0.010 <0.003 0.0009
No.4 43.54 37.56 16.29 0.30 1.71 0.05 <0.003 0.0014 0.0018 <0.005 0.025 0.010 <0.003 0.0006
No.5 43.62 35.05 16.13 0.05 1.75 2.82 <0.003 0.0026 0.0025 <0.005 0.045 0.010 <0.003 0.0009
No.6 43.76 36.55 16.30 0.30 0.01 2.54 0.003 0.0025 0.0010 <0.005 0.050 0.010 <0.003 0.0008
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Fig. 1. Change in vickers hardness with the solution

treatment of experimental alloys.
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Fig. 3. SEM micrographs of experimental alloys
after aging : (a) alloy No.2 aged at 730°C for
10h, (b) No.2 aged at 830°C for 10h, (c) No.4
aged at 730°C for 10h, (d) No.4 aged at 830°C
for 10h, (e) No.b aged at 730°C for 10h, (f) No.
5 aged at 830°C for 10h, (g) Alloy 706 aged at
730°C for 10h and (h) Alloy 706 aged at 830
°C for 10h.

Fig. 4. A TEM micrograph and a selected area
diffraction pattern near the grain boundary
of experimental alloy No.4 aged at 830°C for
10h.
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Fig. 5. A TEM micrograph and a selected area
diffraction pattern of experimental alloy No.
2 aged at 730°C for 100h.

Fig. 6. A TEM micrograph and a selected area
diffraction pattern of experimental alloy No.
5 aged at 730°C for 10h.
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Fig. 7. A TEM micrograph, a selected area diffrac-
tion pattern and micro-beam diffraction
patterns of Alloy 706 aged at 730°C for 10h.
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