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Abstract: The unique crystallographic lamellar microstructure (CLM) Ni-based superalloys fabricated by
laser powder bed fusion (LPBF) exhibits excellent tensile properties. This study aims to investigate CLM’s
high-temperature stress rupture behavior and use these findings to improve the additive manufacturing
process. The result shows that the high temperature-induced intergranular fracture in <110> grain region is
responsible for stress rupture failure under both conditions of 760 °C/780 MPa and 980 °C/260 MPa. Among
them, the sub-grain boundary fracture occurs only under high temperature and low stress, 980 °C/260 MPa.
Due to the severe intergranular fracture induced by stray grains, the stress rupture life is very low under both
conditions. According to the finite element simulation, the formation of stray grains stems from the unstable heat
flow within the melt pool during the process. In addition, the shorter stress rupture lifetime does not excite a more
pronounced dislocation network around the y' phase. However, the deformation twins can still be activated inside
the <110> grains, so it has excellent plasticity under both test conditions. Finally, this work indicates that the future
optimization of CLM by LPBF should focus on eliminating of high-angle grain boundaries in <110> grains.

Keywords: crystallographic lamellar microstructure; Ni-based superalloys; additive manufacturing;
mechanical properties
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the extremely rapid solidification rate (R) in LPBF
In the past decade, among various additive manufacturing significantly suppresses elemental segregation and
technologies in the superalloy field, laser powder bed promotes dislocation accumulation in as-built alloys™ *.
fusion (LPBF) has significant potential for developing In addition, the LPBF-build parts experience a
complex shape components such as turbine blades due top-down temperature gradient (G) and cyclic thermal
to its high design accuracy enabled by minimal spot history, which assemble prominent grain texture and

strength anisotropy. It is widely acknowledged that
the solidification conditions (G/R) at the liquid/solid
interface in LPBF are fundamentally governed by melt
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In recent years, the crystallographic lamellar microstructure
(CLM) in Ni-based superalloys fabricated by LPBF has
received widespread attention owing to its unique alternate
<001>//BD and <110>//BD-oriented grains. Previous reports
have demonstrated that CLM possesses excellent tensile
properties in Ni-based superalloys””). The most substantial
contributors to tensile performance of CLM are texture-related
strengthening mechanisms, including the Schmid factor, Taylor
factor, and stress-transfer coefficient™. Besides short-term
tensile properties, the superalloy is widely applied in the
aviation industry, where it operates in a severe environment
characterized by elevated temperatures and long-term

2781 To enhance its high-temperature service

stresses
capability (a critical requirement for this application), a robust
texture coexisting with a directional grain morphology is often
essential, which is similar to what is typically observed in the
CLM. Hence, it is valuable to further explore the underlying
high-temperature stress rupture/creep mechanism of CLM.
Previous studies focus on CLM’s room temperature tensile
or corrosion properties in Inconel 718 alloy, which has a
service temperature below 750 °C™. In the context of 1,000 °C
tensile deformation, the activation of deformation twins
within the <110>//BD-oriented lamellar microstructure has
been identified as the primary mechanism underlying CLM’s
exceptional plasticity in our recent research”. Furthermore,
both literature reports and our own results indicate that the
failure mechanism of CLM is attributed to intergranular
fracture, which arises from the high-temperature failure
caused by transverse high-angle grain boundaries™ .
However, based on the results of the present studies, it is
not sufficient to explain the deformation mechanism under
different temperatures and stress matching. Accordingly, the
fracture and deformation mechanisms of CLM, especially
when coupled with stress-rupture tests, remain unclear for
superalloy applications. Beyond the fracture and deformation
mechanisms, reports on the evolution of stray grains in CLM
have also attracted significant attention'* "
demonstrates that a high temperature gradient can promote

1 Existing research

the formation of a directional solidification microstructure
while suppressing stray grain formation'> "', Yet, whether this
phenomenon is applicable to CLM in Ni-based superalloys
still requires further investigation. Notably, stray grains are a
critical factor influencing the mechanical properties of CLM,
particularly under high-temperature service conditions.

This work aims to explore stress-rupture behavior and
pave the way for the application and improvement of CLM
in superalloys. ZGH451 superalloy is designed for additive
manufacturing, and its target service temperature is above
750 °C". The stress rupture behavior of LPBF ZGH451 alloy
under two different test conditions was examined. Additionally,
complementary characterization techniques were employed
to investigate fracture mechanisms. The thermal behavior
regarding the evolution of stray grains was revealed by the
numerical simulation. This study aims to reveal the formation
mechanism of stray grains and the stress rupture behavior of
crystallographic lamellar microstructure (CLM). Additionally,
it will provide valuable guidance for future efforts aimed at
optimizing CLM and enhancing the long-term high-temperature
service performance of materials.

2 Experimental method

2.1 Preparation, residual stress relief, and hot
isostatic pressing of CLM

A ZGH451 superalloy for additive manufacturing was used
in this work. The nominal composition of the gas-atomized
powder is given in Table 1. The size distribution of the actual
ZGH451 powder ranges from 15 to 55 pm. Additionally, the
powder exhibits a spherical shape with few surface satellites,
a characteristic that indicates good fluidity. The CLM was
prepared using a laser-powder bed fusion GE M2 printer with
a high-purity argon gas filling system. The process parameters,
including laser power, scan speed, layer thickness, hatch
spacing, laser spot diameter, and scanning strategy, were
selected based on prior studies™. Table 2 presents the detailed
process parameters. After the LPBF building, the as-built
samples were subjected to the heat treatment (650 °Cx10 h/air
cooling) for residual stress relief under vacuum conditions.
Then, the hot isostatic pressing (HIP) (1,180 °C and 160 MPa
for 2 h) was applied to eliminate the pores, microcracks, and
other defects.

2.2 High-temperature stress rupture test and
microstructure characterization

The high-temperature stress rupture test was conducted utilizing

the F-25 creep endurance testing machine and according

to GB/T2039-2008. The test samples were extracted from

HIP materials with the standard size (2 mmx10 mm). Two

Table 1: Chemical compositions of ZGH451 powder (wt.%)

Al Ti Ta Mo B

4.6 1.2 5.8 1.5 0.019

(o3 Co Cr w Ni

0.08 10 7 7 Bal.

Table 2: Process parameters of ZGH451 by LPBF

Scan speed (mm-s™)

Laser power (W)

Hatch spacing (pm)

Layer thickness (um) Spot size (um)

260 1,100
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different test conditions (760 °C/780 MPa and 980 °C/260 MPa)
were conducted to explore the stress rupture behavior of CLM.
At least three samples were tested for each condition to ensure
the good repeatability of the stress rupture responses.

A field emission scanning electron microscope (SEM)
was used to analyzed the stress rupture fracture morphology.
Before the SEM test, the specimens were prepared by
mechanical grinding and polishing. After that, the ultrasonic
cleaning machine was employed to remove dirt from the
surface of the sample, and then etching with a mixed solution
of HCL (45vol.%) + CuSO, (8vol.%) + H,0O (45vol.%) +
H,SO, (2vol.%) for 15 s.

Electron backscattered diffraction (EBSD) was employed
to determine the sample’s crystallographic orientation,
grain boundary distribution, and dislocation density before
and after the stress rupture test. The preparation of EBSD
samples consisted of two steps: mechanical grinding through
the conventional method and then electro-polishing with
HCLO,:C,H,OH (1:9) solution at 20 V/-10 °C for 10 s. EBSD
measurements were carried out at magnification from about 50
to 500 times with a step size of 1.8 pm. The Aztec and OIM
softwares were used to identify all obtained data.

Transmission electron microscopy (TEM) (FEI Talos
F200X) was applied to examine high-temperature stress
rupture-induced microstructural variations. The TEM samples
were obtained via wire-electrode cutting at a position about
5 mm from the fracture surface. The 500 um metal sheet
was mechanically ground to 50 pm, then subjected to
dual-jet electro-etching at 40 V/-25 °C with the solution
(HC10,: CH,COOH = 1:4) for about 120 s.

2.3 Numerical simulation

3D finite element modeling was employed to simulate melt
flow, with self-built software adopted in the modeling process.
The numerical model took into account microscopic fluid
forces, including surface tension, Marangoni force, and recoil
pressure. It was assumed that the flow of the melt behaved as
a laminar flow of a Newtonian fluid. In the discrete element
method (DEM) simulation, the translational and rotational
motion of each particle was governed by Newton’s second law:

dv

m—i=F im 1
g fitmg (1
dw;

L —i-T 2
s @

where m;, v, w,, and I, are the mass, translational velocity,
angular velocity, and movement of inertia, respectively; F; and
T. represent the total force and the total torque acting on the
particle i.

The normal contact force (F,) between particles can be
expressed by:

*

4E
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where 7, 7y, E', and R are the radius of the powder particle,
the surface energy, the equivalent Young’s modulus, and the
equivalent contact radius, respectively.

The simulation of the powder melting process was
conducted using mass, momentum, and energy conservation

equations:
Mass:
V:(pv)=0 4)
Momentum:
DV IV )=V-(W)-Nptog  (5)
Energy:
L (V- (V)= g+ vk V1) ©)

where v and g are the velocity vector and gravitational
acceleration vector, respectively. ¢ represents time, p is the
pressure, p is the density, u is the average viscosity, ¢ is
the Gaussian heat source, % is the enthalpy, & is the thermal
conductivity, and 7 is the temperature. The metal powder bed
was established using the discrete element method with a
1,000 pm*x400 pm=200 um simulation size. Thermal
simulations were run to extract the temperature and fluid flow
profiles during the whole process. In the present work, only
a simulation domain of size 1,000 pumx400 pm*200 pm was
defined and meshed due to the limited effective zone. The
adopted mesh was set to 5 pm in the entire computational
domain. Single-layer with three-travel scanning was performed
to consider the overlapping rate between molten pools on
CLM grain boundary formation. The laser heat flux was
imposed at the top surface of the sample as a 3D Gaussian
distribution. Radiation effects were also considered in the exact
location using an emissivity of 0.8. Convective heat transfer
operated on the free surfaces of the sample except the bottom
one, which was fixed through a heat convection coefficient of
10 W-(m>-K)™. All surfaces were set with continuous boundary
conditions (zero normal derivative). The powders and the
substrate were assumed to be made of the same material, and
the gas phase was not included in this analysis.

3 Results and discussion

3.1 Stray grains evolution

The longitudinal section [parallel to the building direction
(BD)] microstructure of the CLM after HIP was evaluated via
EBSD and TEM. As depicted in Fig. 1(a), the samples exhibit
a prominent alternant <001>//BD and <110>//BD grains
characteristic. It is worth noting that the CLM consists not only
of the above two oriented grains but also contains some other
oriented grains, such as <111>//BD grains. Previous reports
showed that these non-CLM orientation grains are stary grains
and arise from heat flow fluctuation of melt pool* !,

Figure 2 shows the evolution of temperature and flow fields
during CLM printing. The model validation is confirmed
by comparing the size of the melt pool in the simulations
and experiments [Fig. 2(a)]. In CLM, the <001>//BD grains
developed in the center of the molten pool due to stable upside
temperature gradient (G) promotes solid-liquid interface
migration along BD. Such a heat flux condition originates
from the flat bottom of the molten pool, which laser process
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(@)

(c) (d)

(b)

Fig. 1: Microstructure of CLM sample after HIP: (a) texture distribution of Y-Z plane; (b) grain boundary
distribution corresponds to (a); (c) inverse pole figures; (d) low-magnification TEM image of
dislocation distribution; (e) low-magnification TEM image of y’ phase

(b)

Fig. 2: Comparison of experimentally measured and simulated melt pool size (a) and heat flow evolution (b)

parameters can manipulate!®'”. Generally, higher laser power
and lower scanning speeds are more conducive to forming
CLM. The simulation results indicate that the melt flow in the
melt pool, achieved with higher power, is more stable. The
energy of the face-centered cubic system is the lowest when
the remelted dendrites grow perpendicular to each other'® ',
The overlap rate of both neighbor shallow key-hole type melt
pools dominates the formation of <110>//BD grains.

As seen in Fig. 2(b), the unstable heat flow at the
overlapping molten pool causes nucleation disorder and
interruption of epitaxial growth (white circle). These undesired
orientation grains usually occur in <110>//BD grains and are
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the source of transverse grain boundaries. The high angle
grain boundaries (HAGB) distributed in CLM, as shown in
Fig. 1(b), correspond to IPF in Fig. 1(c). The results reveal
numerous transverse grain boundaries within the <110> grains,
which are expected to deteriorate long-term high-temperature
performance. More microscopic analysis in Fig. 1(d) exhibits
many dislocations within these grains. The above phenomenon
indicates that the thermal stress inherent in LPBF and
subsequent HIP treatment may lead to the accumulation of
dislocations in the samples”. Following HIP treatment, the
coarse y' phase precipitates as a result of high-temperature
thermal effects. Upon detailed observation, an uneven



Research&Development CHINA FOUNDRY

Vol. 23 No. 1 January 2026

dislocation network is found to surround the y’ phase. Under
thermal activation, various modes of dislocation movement,
including slip, cross slip, climb, and Orowan, transit the y’
phase, which may eventually form a dislocation network
configuration™® "' These dislocation networks in the
initial microstructure play an important role in delaying the
dislocation movement and improving the strength of the alloy.
The tensile strength of the CLM alloy has been proven to be
very excellent in different temperature conditions. However,
the mechanical performance and fracture mechanism under
long-term high-temperature stress remain to be further explored.

3.2 High temperature stress fracture properties

Figure 3 illustrates the stress-rupture life of the CLM samples
under conditions of 760 °C/780 MPa and 980 °C/260 MPa.
The average stress-rupture life of the CLM after HIP in
760 °C/780 MPa is ~9.66 h, which is significantly higher
than 980 °C/260 MPa condition (~2.22 h). Although there
is a decrease in stress value from 780 MPa to 260 MPa, the
increase in test temperature from 760 °C to 980 °C causes a
significant reduction in stress-rupture life. The CLM sample at
980 °C/260 MPa shows better stress-rupture plasticity (20%)
than that at 760 °C/780 MPa (13.66%).

3.3 Fracture morphology

Figures 4(a, b) show the fracture morphology of the CLM
samples under both test conditions, and the samples have
no apparent necking phenomenon. Upon closer inspection
[Figs. 4(c, d)], distinct grain boundary cracking appears in
<110> grains interior and the interface between <001> and
<110>-orientation grains. The disordered atoms weaken
the grain boundaries at high temperatures"”. Therefore,
high-temperature long-term stress rupture tests invariably
break along grain boundaries. Nevertheless, there are still

760 °C/780 MPa

: GB'préc:king &

Fig. 3: Stress rupture characteristics of CLM samples
under both high-temperature test conditions

some differences in the mode of fracture under both test
conditions. The sample under the condition of 760 °C/780 MPa
shows a prominent cleavage plane [Fig. 4(c)], which
demonstrates that the CLM sample includes intragranular
sliding under high temperature and high stress. In addition,
vast dendrite is distributed on the fracture surface [Fig. 4(c)],
indicating sub-grain failure plays an essential role in stress
rupture. In contrast, no evidence of dendrite morphology,
and high-temperature oxidation is observed during the
980 °C/260 MPa stress-rupture process.

The longitudinal section of the fracture further verifies
the above analysis and clarifies the fracture mode (Fig. 5).
Comparing Figs. 5(a) and (b), there is only one long stripe
crack in the former case and more in the latter. This indicates
that cracking along HAGB possibly does not cause failure at
760 °C/780 MPa condition. It is anticipated that sub-grain
cracking is the dominant failure mechanism, which accords
with the above analysis. On another condition, the high
temperature of 980 °C seriously damages the stability of grain

Fig. 4: Cross section of SEM fractography of CLM samples after stress rupture test: (a, c) 760 °C/780 MPa;

(b, d) 980 °C/260 MPa
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760 °C/780 MPa

______

Fig. 5: Longitudinal section of SEM fractography of CLM samples after stress rupture test: (a, c) 760 °C/780 MPa;
(b, d) 980 °C/260 MPa

boundaries, and 260 MPa stress accelerates crack initiation
and propagation. When intergranular cracks develop long
stripe cracks at the border of the test sample [Fig. 5(d)], it
is easy to cause a catastrophic stress fracture. Hence, the
high-temperature and low-stress specimens exhibit a 77%
decrease in stress rupture life. At the same time, the scanning
electron microscopy of the longitudinal section cannot
determine the origin of these cracks. Other characterization
technique is needed to further understand the cracking details.

Figures 6(a, b) show the IPF orientation maps of the only
long stripe crack and surrounding micro-cracks at the fracture
after the 760 °C/780 MPa test. As seen in Fig. 6(a), the grain
boundary cracking can easily be identified between different
oriented grains. The geometrically necessary dislocation
(GND) density reflects the local misorientation angle 8 caused
by deformation. Figure 6(c) demonstrates that almost all the
crack locations exhibit a certain degree of stress concentration,
and the average GND density value is approximately
2.27x10" m™. Notably, a significant density of deformation
twins is activated within <110>//BD-oriented grains, whereas
no twin features are detected in <001>//BD-oriented grains.
Previous studies show the grain orientation closer to <111>//BD
will experience a more significant crystallographic shear, that
is, Taylor factors M>2.6"%?" As depicted in Fig. 6(c), the
corresponding TF maps demonstrate the <110>//BD-oriented
grains have a higher Taylor factor value (~3.22), which have
experienced a stronger shear stress. Upon closer examination in
the dashed box in Fig. 6(a), these deformation twins can be tens
of microns in size. The deformation twins are also identified
in the <110>-oriented grains, as confirmed by the orientation
maps [Fig. 6(d)]. According to Figs. 6(e, f), the stray grains
and interface between <001> and <110> are considered as
possible crack sources, which exhibit somewhat dislocation
accumulation.
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980 °C/260 MPa

L

Figure 7(b) displays IPF maps after the 980 °C/260 MPa
stress rupture test, corresponding to the dashed box in
Fig. 7(a) on the fracture surface. Evidently, multiple
intergranular cracks are observed within <110>//BD-oriented
grains. Based on the above analysis, these cracks are the
primary cause of failure. Similarly, deformation twins are
still observed inside <110>//BD-oriented grains [Figs. 7(b, d)],
even though the stress rupture life under this condition is only
2.66 h. The relationships between the Taylor factor value
and the location of deformation twins are similar to that at
760 °C/780 MPa. However, compared to the 760 °C/780 MPa
case, the sample under 980 °C/260 MPa stress rupture exhibits
a higher GND density at both low and high magnification.
There are two reasons can be responsible for such GND
distribution: on the one hand, better plasticity can result in
more dislocation accumulation, and on the other hand, more
intergranular cracks accumulate a large number of dislocation
entanglements in the vicinity™"),

Based on the above results, the CLM samples exhibit a
high-temperature stress rupture life-plasticity trade-off under
the two different service conditions. Analysis of the fracture
morphology reveals that transverse grain boundary cracking
decreases stress rupture life at 980 °C/260 MPa. However,
the differences in plasticity still need to be further elucidated
by other complementary characterization. TEM was used to
observe the microstructure near the fracture surface after both
deformation conditions (Fig. 8). It is apparent that a significant
number of dislocations are formed in matrix channels and
bypass the y’ precipitates under both 760 °C/780 MPa
and 980 °C/260 MPa. The mechanical performances of
nickel superalloy are closely related to the characteristics of
y' strengthening phase, including its size, volume fraction, and
morphology®™ *. In this study, the CLM sample subjected to
HIP treatment exhibits an accelerated diffusion rate of elements
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Fig. 6: EBSD images after 760 °C/780 MPa stress rupture test: (a) low-magnification IPF image of crack distribution;
(b) high-magnification IPF image of deformation twins; (c) Taylor factor mapping corresponds to (a); (d) plots of
misorientation angle variation-measured both point-to-point and cumulatively along the black lines marked in (b);
(e, f) GND distribution around stress rupture cracks corresponds to (a, b)

including Ni, Al, and Ta. Although many reports show the as-built
alloy in LPBF predominantly features no precipitates due to
the rapid solidification process™ >, the elevated temperature
HIP allows precipitation and coarsening of primary y' phase
[Fig. 1(e)]. Therefore, some y' phases even display an irregular
shape, revealing the occurrence of Ostwald ripening [Fig. 1(e)].
As the y' phase coarsens, the spacing between them widens.
This greater spacing allows dislocations to slip more easily
through the channels formed between the ¥’ phases, resulting in
a decrease in the stress required to bypass them. Consequently,
the sample can undergo plastic deformation under a relatively
low external force, which is observed macroscopically as an
increase in the metal’s plasticity. In the HIP CLM sample,
besides the coarse y' phase, the stress rupture test under both
high-temperature conditions further intensifies y' ripening®™ >,
Comparing Figs. 8(a) and (b), the y' ripening appears significantly
more severe at 980 °C/260 MPa than at 760 °C/780 MPa, leading
to a larger vy’ size. However, following the coarsening of the
v' phase, its compatibility with the y matrix diminishes during
the deformation process. Due to the differing mechanical

properties of the y’ phase and the y matrix, stress concentration
is more likely to occur around the roughened y’ phases. When
this stress concentration reaches a critical level, it can trigger
the formation of microcracks. The presence and growth of
these microcracks can accelerate material failure and reduce its
stress fracture life. Although the stress rupture life significantly
decreases at 980 °C/260 MPa, higher temperatures are crucial
in increasing Y’ size, contributing to more substantial atoms’
diffusion dynamics®. The ripening of y’ phase widens the
channels with y matrix, facilitating dislocation slip. The
above EBSD results confirm that GND density is higher at
980 °C/260 MPa than 760 °C/780 MPa. Hence, under
980 °C/260 MPa, the behavior of y' phase is more conducive
to stress rupture plastic of CLM.

Besides the dislocation slip, the deformation twins are also
activated in both conditions, as confirmed by Figs. 6(a) and 7(a).
However, due to the enhanced dislocation pile-up and TEM
technology limitations, the twins need additional careful
observations at 980 °C/260 MPa. Normally, the deformation
twins can serve as a barrier to dislocation slip in {111} plane
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Fig. 7: EBSD images after 980 °C/260 MPa stress rupture test: (a) low-magnification IPF image of crack distribution;
(b) high-magnification IPF image of deformation twins; (c) Taylor factor mapping corresponds to (a); (d) plots of
misorientation angle variation—-measured both point-to-point and cumulatively along the black lines marked
in (b); (e, f) GND distribution around stress rupture cracks corresponds to (a, b)

and provide extra strain hardening [Fig. (8b)]**. The evolution
mechanism of deformation twins in CLM can be found in our
previous work”. In this study, deformation twins are greatly
activated in <110>//BD-oriented grains due to the alloy’s high
flow stress and low stacking fault energies (SFEs)™". Hence,
the contribution of deformation twins to plastic difference
is negligible in both 760 °C/780 MPa and 980 °C/260 MPa
conditions.

According to the above analysis, the microstructure of CLM
after HIP experiences a thermodynamic coupling and forms
the narrow dislocation network in the y channels [Fig. 1(e)].
It is noteworthy that this dislocation network around the vy’
phase is observed after the 980 °C/260 MPa stress rupture test,
while such a network is not apparent after the 760 °C/780 MPa
stress rupture test. There are two possible reasons for the initial
dislocation network vanishing at 760 °C/780 MPa. On the one
hand, a significant number of dislocations are generated in y
channels, which cover the initial dislocation network. On the
other hand, under thermal activation, the tangled dislocation
networks dissolve and disappear at different slip planes. In
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general, the formation of dislocation networks is related
to activating multiple slip systems"®. The different glide
planes provide a platform for the dislocation interaction,
promoting the evolution of the dislocation network. Under the
980 °C/260 MPa stress rupture test, the higher temperature
forms an irregular dislocation network around y' phase. Previous
reports demonstrate that rearranging arrays of dislocations to
create a network lowers the energy of tangled dislocations and
favors further plastic deformation. Moreover, the dislocation
network increases the resistance of dislocation slip and enhances
the strain hardening of CLM during plastic flow.

In summary, the high-temperature stress rupture life
is not ideal due to the existence of sub-grain boundaries
induced by the LPBF process. In addition, the high-angle
grain boundaries derived from heat flux fluctuation are also
detrimental to the mechanical properties, and we will strive to
optimize them in future work. The chaotic heat flow and the
irregular overlapping of the molten pool result in transverse
grain boundaries in <110>-oriented grains. Importantly, the
low-stress fracture life prevents the formation of a regular
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(a)

(c)

(b)

(d)

Fig. 8: Deformation microstructure of CLM after stress rupture test with both conditions: (a, c) 760 °C/780 MPa;

(b, d) 980 °C/260 MPa

dislocation network around the y’ phase, therefore, whereas
conventional superalloys are optimized by increasing the
content and strength of the y’ phase (such as single crystals),
in CLM, the focus is on the elimination of transverse grain
boundaries within <110> grains.

4 Conclusions

In this study, the ZGH451 superalloy with crystallographic
lamellar microstructure (CLM) was fabricated by LPBF,
and the effect of CLM on the stress rupture performance at
760 °C/780 MPa and 980 °C/260 MPa was investigated. The
stress rupture life and fracture mechanism were thoroughly
examined using SEM, EBSD, and TEM. The evolution
mechanisms of intergranular cracking, precipitated phase, and
defects were discussed. The main conclusions are summarized
as follows:

(1) The CLM after HIP primarily consists of lamellar grains,
including <001>//BD and <110>//BD oriented grains. A
flatness keyhole shape melt pool provides a favorable heat flux
condition for CLM. These non-CLM grains (stray grains) derive
from heat flow fluctuation, resulting in the evolution of high-angle
transverse grain boundaries. Moreover, the HIP treatment
promotes the precipitation and coarsening of the y' phase, and
these processes accumulate a large number of early dislocations.

(2) The alloy test at 980 °C/260 MPa exhibits higher
plasticity and lower stress-rupture life. Through combined
observation of the transversal and longitudinal sections of
the fracture, high temperature-induced intergranular fracture
is identified as the primary cause of the low-stress rupture
life under the 980 °C/260 MPa condition. For the alloy at
760 °C/780 MPa, there is only one long stripe crack with
several microcracks around. Therefore, the sub-grains and
transgranular fracture dominate failure and consequently
increasing the life value.

(3) The stress-rupture microstructure reveals that deformation
twins are prevalent in <110>//BD-oriented grains under
both 760 °C/780 MPa and 980 °C/260 MPa conditions. The
evolution of the dislocation network and associated interaction
with other defects enhance plastic deformation capabilities of
the alloy at 980 °C/260 MPa. In addition, the wider y’ phase
dimensions and narrower y channel facilitate dislocation slip
and benefit the plasticity of CLM in 980 °C/260 MPa.
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