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Table 1 Hot working parameters of HIPed FGH96 superalloy

Deformation condition

No. Process : - - Heat treatment condition
Equipment Temperature/’C Deformation/%

1 Free drawing and annealing Free forging hammer 20 10 900~1170 *C, 30 min/WQ
2 Hot upsetting and annealing Hydropress 1000 40 900~1170 *C, 30 min/WQ
3 Sadden drawing and direct annealing Hydropress 1140 40 750 C, 8 h/AC
4 Upsetting and solution plus annealing Hydropress 1140 40 1150 C, 2 h + 750 'C, 8 h/AC
5 Multiple forging and solution plus annealing Hydropress 1140 70 1150 C, 2 h + 750 'C, 8 h/AC
6 Multiple forging and solution plus annealing Hydropress 1140 100 1150 C, 2 h + 750 'C, 8 h/AC

I. Incubation

11. Nucleation

I11. Recrystallization

990 C

Kl 1 FGH96 & &4 AR K AR K 5 It #7421

Fig.1 Typical microstructures of FGH96 superalloy after cold drawing and annealing treatment at different temperatures
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Fig.2 Microstructures of the post-forged FGH96 superalloy after annealing treatment at different temperatures:
(a) 1050 °C, (b) 1080 C, (c) 1110 C, and (d) 1140 C
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Fig.3 Effect of annealing temperature on microstructure and

grain size of FGH96 superalloy after hot die forging
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Fig.4 “Necklace microstructure” in FGH96 superalloy: (a) overview, (b) equiaxed grain, and (c) unrecrystallized zone
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Fig.5 Different “necklace microstructures” of FGH96 superalloy after different hot working processes: (a) sadden drawing and direct

annealing, (b) upsetting and solution plus annealing, and (c) multiple forging and solution plus annealing
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Recrystallization Characterization of FGH96 Superalloy

Ning Yongquan®, Li Hui®, Yao Zekun®, Guo Hongzhen®
(1. Northwestern Polytechnical University, Xi’an 710072, China)
(2. The First Aircraft Institute, Aviation Industry Corporation of China, Xi’an 710089, China)

Abstract: The recrystallization of powder metallurgical superalloy FGH96 undergoes three characteristic periods, viz., incubation,
nucleation and growth. The recrystallization behavior is sensitive to annealing temperature. When the temperature is 1050 <C, there is lots
of nucleation at the previous particle boundaries. The nucleation grows up and the fine equiaxed grains are obtained when the temperature
is 1080 <C. However, the equiaxed grains would significantly get coarse when the temperature is 1110 <C. Recrystallization usually takes
place at previous particle boundaries during hot deformation process. When the deformation is not enough, a typically incomplete
recrystallization microstructure, named the “necklace microstructure”, will be obtained. The “necklace microstructure” has fine equiaxed
grains inlayed in non-equiaxed coarse grains surrounding. Meanwhile, it is also the intermediate microstructure during the refinement
processing of the powder metallurgical materials. Both the severe total deformation and multiple deformation direction are favorable for grain
refinement.

Key words: powder metallurgical superalloy; recrystallization characterization; necklace microstructure; grain refinement
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