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Effect of Phosphorus on Precipitation of n Phase and
Creep Properties of Alloy706
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Synopsis

Fe-Ni base superalloy 706 was originally developed for gas turbine applications. Its well-balanced chemical composition
contributes to less chemical segregation and good workability, so it can be manufactured into large ingots for larger forged
products. In basic applications, Alloy706 is used with austenite matrix with intra-granular precipitation of y’ phase /y” phase co-
precipitates. Generally, grain boundaries in heat-resistant alloys are relatively weaker than the intra-granular region, which is
strengthened by fine precipitation of intermetallic compounds such as y’ phase and y” phase. For Alloy706, in order to increase
creep-rupture life, stabilizing heat treatment is proposed. After solution treatment, a stabilizing heat treatment in the temperature
range of 780 to 900 °C is added before following ageing treatment, resulting in inter-granular precipitation of n phase with
grain boundary re-composition to wavy form. This microstructural change is considered to have a beneficial effect on creep-
rupture properties. On the other hand, in some previous studies, phosphorus addition to the optimal amount has been shown to
have a beneficial effect on the creep properties of Alloy718 and some other P-added Fe-Ni base superalloys. However, the effect
of phosphorus addition on the creep properties of Alloy706 is not well known. In this study, the effect of phosphorus on creep-
rupture properties in Alloy706 after stabilizing heat treatment was investigated.
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Table 1. Chemical composition of experimental alloys (mass%).

Alloy C Si Mn P Ni Cr Ti Al Nb Fe
A1 0.01 0.06 0.05 <0.003 41.5 15.8 1.76 0.28 2.89 Bal.
A2 0.01 0.06 0.05 <0.003 1.7 15.9 1.58 0.28 2.92 Bal.
A3 0.01 0.06 0.03 0.008 41.3 15.7 1.79 0.27 3.04 Bal.
A4 0.01 0.06 0.05 0.013 41.0 15.8 1.78 0.26 3.03 Bal.
A5 0.01 0.06 0.05 0.012 41.4 15.9 1.62 0.26 3.03 Bal.
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Fig. 1. Microstructures during continuous cooling after solution treatment.
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Fig. 2. STEM Bright field images and EDX analysis during continuous cooling after solution treatment (alloy A5).
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Fig. 3. Microstructures after the ageing heat treatment.
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Fig. 4. Effect of P content on area fraction and grain boundary coverage with n phase.
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Table 2. Vickers hardness and tensile properties at room temperature.

Vickers hardness Tensile properties [room temperature
Alloy 0.2% proof stress | Tensile strength Elongation Reduction in area
[HV] [MPa] [MPa] [%] [%]
A1 428 1059 1316 19.6 24.8
A2 421 1065 1311 22.6 28.8
A3 434 1081 1320 18.0 23.9
A4 372 977 1359 16.8 247
A5 419 1114 1378 18.7 23.9
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Fig. 5. Effect of P content on creep-rupture life.
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Fig. 7. SEM image of internal crack in creep-ruptured specimen (alloy A5).
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Fig. 8. EBSD Images after creep-rupture test.
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