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Abstract: The novel cobalt-nickel-based superalloys have been introduced and developed based on the
strengthening effect of the y’ order compound in nickel-based superalloys. The aim of the present study is to
investigate the effects of temperature and strain rate during compression testing on the microstructural evolution
of a Co0-22.8Ni-3.4Al-8Cr-17.1W-1.5Ti-2.8Ta-1.5Nb-1.5M0-0.06C-0.02B (wt.%) superalloy. In this study, hot
compression tests were performed within a temperature range of 1050-1200°C, with 50°C intervals, and at strain
rates of 0.1 st and 0.001 s, up to a strain of 0.7. Microstructural evolution was analyzed using Optical
Microscopy, Scanning Electron Microscopy (SEM), Energy Dispersive X-ray Spectroscopy (EDS), and X-ray
Diffraction (XRD) analysis. The results showed that as the temperature increased from 1050 to 1200°C and the
strain rate decreased from 0.1 s™! to 0.001 s, the flow stress decreased. Microstructural studies indicated that at a
strain rate of 0.1 s'¢, increasing the temperature from 1050 to 1100°C did not lead to the onset of recrystallization;
elongated grains were still present in the structure. At 1150°C, dynamically recrystallized grains began to nucleate
and grow around the initial and pre-existing grain boundaries. Dynamically recrystallized grains were also
observed on precipitates, indicating that the recrystallization mechanism was particle-stimulated nucleation. At
1200°C, the development of dynamic recrystallization was observed in certain regions of the structure. At a strain
rate of 0.001 s~ from 1050°C, the development of dynamic recrystallization was observed throughout the structure.
At 1150°C and a strain rate of 0.001 s, the structure was fully recrystallized, displaying equiaxed grains with a

uniform size distribution.
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1. INTRODUCTION

The high strength in Ni-based superalloys is
achieved through y' precipitates. These precipitates have
an L12 ordered structure, which leads to yield point
phenomena. Following the discovery of y' in Ni-based
superalloys, research has been conducted on Co-based
superalloys to produce precipitates with an A3B-L12
structure, capable of strengthening Co-based
superalloys through precipitation hardening. In 2006,
the ordered y'-Cos(Al,W) precipitates were introduced
by Klein et al. (Klein et al., 2011), exhibiting the same
strengthening effect observed in Ni-based alloys. These
precipitates remain stable up to 1173°C, leading to the
development of new cobalt-based superalloys centered
around the Co-Al-W system.

Studies (Kartika et al., 2009) on the microstructural
evolution and mechanical properties of Co-Cr and Ni-
Co-W alloys show that dynamic recrystallization is the
dominant restoration mechanism during hot deformation
of these alloys. In research conducted on a Co-32Ni-
20Cr-10Mo alloy (Yamanaka et al., 2011),
discontinuous dynamic recrystallization was reported to

occur at 1100-1220°C. However, twinning occurred as
a result of dynamic recrystallization within the
temperature range of 950-1050°C.

In this study, Al, W, Ni, Ti, and Co were added to
promote the formation of y'. Ni and Ti increased the
volume fraction of y', while C and B enhanced the
strength of the grain boundaries. Nb improved the
stability of y', and Mo increased the overall strength of
the superalloy. Since limited research has been
published on the hot deformation behavior of new Co-
based superalloys at temperatures higher than 1050°C,
the present work studies the effect of compression test
parameters on the microstructural evolution of a Co-Ni-
Al-Cr-W-Ti-Ta-Nb-Mo-C-B superalloy.

2. MATERIALS AND METHODS

This study was conducted on a new cobalt-based
superalloy with the chemical composition provided in
Table 1. The primary ingot was produced via vacuum
induction melting (VIM), followed by electrode
refinement using electro-slag remelting (ESR). To
reduce inhomogeneities, the ingot was homogenized at
1300°C for 16 hours. Cylinders with a height of 12 mm
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and a diameter of 8 mm were then cut from the ingot to
examine their structure.

Hot compression tests were conducted at 1050°C,
1100°C, 1150°C, and 1200°C with strain rates of 0.1 and
0.001 st using an Instron 8502 machine. It should be
noted that the specimens were preheated for 10 minutes,
and the tests were completed up to a strain of 0.7, after
which they were immediately quenched in water.

To study the microstructure, the samples were
polished and etched in a solution of 50 ml HCI and 50
ml HNOs. The microstructure was examined using an
Olympus optical microscope and FESEM VEGAS3
TESCAN microscopy equipped with EDS (a') is. X-
ray diffraction (XRD) analysis was also uscu . detect
the phases present.

The chemical composition of the alloy used in this
work was Co-22.8Ni-3.4Al-8Cr-17.1W-1.5Ti-2.8Ta-
1.5Nb-1.5M0-0.06C-0.02B (wt%).

3. RESULTS AND DISCUSSION

Fig. 1 shows the flow curves of the alloy after
compression test at temperatures of 1050, 1100, 1150,
and 1200°C and strain rates of 0.1 and 0.001 s before
and after correction for adiabati haating effect. As seen,
after correction, the flow stress decreases as the
temperature increases. After the elastic region, the flow
stress passes the yield strength and it increases until it
reaches the peak stress. Then, the flow stress drops
suddenly at low  temperatures, confirming
recrystallization.
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Figurel. The true stress- true strain curves of the alloy before
(solid line) and after adiabatic correction (dotted line) at
various temperatures and strain rates of (a) 0.1 s and (b)
0.001 s,

Fig. 2 shows the microstructure of the alloy after the
hot compression test at temperatures of 1050, 1100,
1150, and 1200 °C and a strain rate of 0.1 s*. The
microstructure of the alloy after the compression test at
1050 °C and 1100 °C shows recrystallization (Fig. 2(a)
and Fig. 2(b)). This is attributed to the existence of high
melting point elements, such as Mo and W, which raise
the recrystallization temperature of the alloy. As seen in
Fig. 2(c) and Fig. 2(d), some recrystallized grains are
present at the initial grain boundaries and on some

precipitates. The new grains formed via the SIBM
(Strain-Induced Boundary Migration) mechanism,
which results from the bulging of grain boundaries (Gao
et al. 2022). The necklace structure is also visible in the
microstructure of the specimens hot compressed at 1150
°C and 1200 °C. Therefore, as the test temperature
increased, the development of recrystallization was
observed. Additionally, since some recrystallized grains
nucleated on precipitates, the particle-stimulated
nucleation (PSN) mechanism was identified as the
second recrystallization mechanism activated in the
alloy.

Figure 2. The microstructure of the alloy after hot
compression test at temperatures of (a) 1050, (b) 1100, (c)
1150, and (d) 1200 °C and strain rate of 0.1 s™%.
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Figure 3. The SEM microstructure of the specimens
deformed at strain rate of 0.001 s** and temperatures of (a)
1050 and (b) 1150°C.

In both microstructures, recrystallized grains can be
observed. However, grain growth is evident in the
microstructure of the specimen deformed at 1150°C and
a strain rate of 0.001 st. This is attributed to the decrease
in the strain rate and the increase in deformation time,
resulting in greater migration of grain boundaries. The
increase in temperature from 1050°C to 1150°C raises
the diffusion rate and increases the dissolution of y’
precipitates. Consequently, the migration rate of grain
boundaries increases, leading to an increase in grain size
at the deformation temperature of 1150°C.

4. CONCLUSION

The results show that, with an increase in
temperature from 1050°C to 1200°C and a decrease in
strain rate from 0.1 to 0.001 s, recrystallization
develops. The microstructural evolution indicates that
the SIBM and PSN mechanisms are responsible for
recrystallization in the studied Co-Ni-Al-W superalloy.
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