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1- Introduction

The superalloy TM-321, with a composition of 8.2Co,
8.1Cr, 12.6W, 5Al, 0.8Ti, 4.7Ta, 0.9Hf, 0.11C, 0.01B, and
0.05Zr, is among the latest and most robust cast
polycrystalline superalloys. The TM-321 superalloy is
similar to Mar-M247, achieving higher mechanical
properties through compositional modifications. The
rupture life of the alloys TM-321 and Mar-M247 at 1000
°C and 118 MPa is 1000 and 596 hours, respectively. The
microstructure of the cast alloy is dendritic and coarse-
grained, and after heat treatment, it contains the y matrix
phase, the y" phase, the y/y" eutectic, and carbides. In the
patent for the TM-321 superalloy, solution heat treatment
at 1080 °C followed by air cooling is proposed. After the
introduction and use of the TM-321 superalloy in Japan's
national gas turbine project and the patenting of this alloy
in 1982, comprehensive information regarding the
microstructure and phase morphology is not found in the
available scientific literature, with only a few articles
discussing the properties of the fine-grained alloy (a non-
dendritic structure modified by grain refinement methods
and optimized chemical composition with increased Zr
content). Given the excellent tensile and creep properties
of this alloy in its polycrystalline state, achieving the
production stages of the cast alloy through vacuum
induction melting, specifically in a coarse-grained state,
could represent a significant advancement in acquiring the
technical knowledge for producing this alloy. Considering
the aforementioned points, this research investigates the
microstructure of the superalloy after various solution
treatment conditions to ultimately determine the optimal
annealing conditions.

2- Materials and Methods

The superalloy TM-321 with the composition presented in
Table 2 was produced using the VAR + ESR method. The
solution treatment was examined at two temperatures,
1080 and 1180 °C, for durations of 2, 4, and 6 hours.

3- Results and Discussion

The dendritic structure of superalloy TM-321 during the
solution treatment at the specified temperature and time
ranges did not show significant changes due to the high
percentage of heavy elements and their low diffusion rate.
Figure 4 illustrates the variation of the volume fraction of
the eutectic pools y'/y in both cast and solution-treated
states.

The trend of changes in the y* precipitates is shown in
Figure 5 at two solution treatment temperatures of 1080
and 1180 °C for a duration of 6 hours. After solution
annealing at 1080 °C, the volume fraction of the
precipitates decreases, and as the temperature increases to
1180 °C, numerous and fine clusters of y* precipitates
will form and grow. The phenomenon of clustering of the
Yy phase is undesirable and will disrupt the establishment
of a suitable distribution of size and morphology of the y
phase during aging.

The superalloy has a hardness between 392-418
Vickers in the as-cast condition. With the start of solution
annealing at 1080 °C for 2 hours, no significant change is
observed compared to the as-cast condition. However,
after 4 hours, with the dissolution of fine precipitates, a
decrease in hardness is noted, and by 6 hours, a slight
increase in hardness is observed due to the coarsening of
particles in the trend of the graph. With solution annealing
at 1180 °C, a decreasing trend in hardness is observed with
partial dissolution of precipitates up to 6 hours.
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Figure 4. Diagram of the effect of solution annealing on a) the volume fraction of the y* , carbide, and eutectic phases, and b)
the average size of they* phase.

Table 1 — The range of selected element percentages, target charge amount for melting, and final chemical composition of
superalloy TM-321.

Ref. Co | Cr W Al T1 Ta Hf C B Zr
[6 s8] [5-12 | 9-7 | 11/15-5 | 4/5-5/8 | 0/1-1/5 | 6-4 | 0/1-5/5 | 0/0-05/15 | 0/0-005/02 | 0/0-15/3
Target | 8/2 8/1 12/6 5 0/8 4/7 0/9 0/11 0/01 0/2
Results | 8/2 | 8/7 12/7 4/6 0/7 5 0/65 0/19 0/013 0/3
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Figure 5. BSE images of the morphological changes of the y* phase during solution annealing heat treatment. a) After
casting b) 1080 °C, 6 hours c) 1180 °C.

4- Conclusion

Among the heat treatment conditions of solution annealing
conducted in this study for the superalloy TM-321 (Zr
2/%0), the overall achieved objectives include: reduction
of eutectic pools, dissolution of primary y' precipitates, and
the creation of a fine size distribution of them. The cycle
of 1180 °C for 2 hours was selected.
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The Effect of Annealing on the Hardness and Microstructural Characterization of TM-321 Superalloy

Abolfazl Rastegaran Masumeh Seifollahi Adli Khondzadeh

Abstract In this research, the effects of solution annealing heat treatment on the hardness and microstructure
characteristic of TM-321 Ni base superalloy are investigated. The temperature of annealing was chosen on the basis of
thermodynamic analysis of Procast 2018 for TM-321 superalloy. At 1080°C the volume percent of y/y' eutectic pool
which was 9 Vol% in the as cast structure reduced to 1.7 vol% at 4h and it is stable till 6h. At 1180°C again it is
considerably decreased to 1.2 vol%. At 1180°C and times more than 2h, numerous and fine clusters of y' precipitates
formed. The formation of y' precipitates clusters will disrupt the creation of the proper distribution of y' precipitates. At
1180°C/2h, the lowest eutectic volume fraction (0.9%), the highest dissolution and reduction in the fraction and size of
primary y' (21.5% and 84nm) are present, which has been chosen as the best conditions for solutionizing in this
research.

Keywords TM-321 superalloy, Solution annealing, y/y’ Eutectic , y' Precipitate.
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