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Abstract: The microstructure evolution and deformation mechanism of a DZ125 superalloy during high-temperature creep were
studied by means of microstructure observation and creep-property tests. The results show that at the initial stage of high-temperature

creep, two sets of dislocations with different Burgers vectors move and meet in y matrix channels, and react to form a quadrilateral
dislocation network. And y' phases with raft-like microstructure are generated after the formation of dislocation networks. As creep

progresses, the quadrilateral dislocation network is gradually transformed into hexagonal and quadrilateral dislocation networks.
During steady stage of creep, the superalloy undergoes deformation with the mechanism that a great number of dislocations slip and
climb in the matrix across the raft-like y’ phases. At the later stage of creep, the raft-like y' phases are sheared by dislocations at the
breakage of dislocation networks, and then alternate slip occurs, which distorts and breaks the raft-like y'/y phases, resulting in the

accumulation of micropores at the raft-like y’/y interfaces and the formation of microcracks. As creep continues, the microcracks

continue to expand until creep fracture occurs, which is the damage and fracture mechanism of the alloy at the later stage of creep at

high temperature.
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1 Introduction

Directionally solidified superalloys have been widely used
in manufacturing the blade components of advanced aero-
engines because they have better high-temperature creep
properties than polycrystal alloys due to the elimination of
transverse grain boundaries, which are prone to crack during
servicel . DZ125 superalloy, as a kind of Ni-based
precipitation-hardening directionally solidified superalloy with
columnar crystal, is one of the alloys with the highest perfor-
mance level among similar alloys in China. Because it exhi-
bits high microstructure stability, good mechanical properties
and excellent corrosion resistance during the processes of
mass production and use. Besides, it does not contain the
precious metals of Ru and Re, and has a low production cost™.
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Although directionally solidified superalloys have good
creep resistance, creep damage is still the main failure mode
for the alloys in service!*. During high-temperature creep,
the microstructure of the alloys evolves obviously, which is
mainly manifested as the coarsening and dislocation cutting of
y’ phase. At the same time, with the formation and damage of
y'/y phases interface dislocation networks, cracks initiate and
propagate along grain boundaries®”".

The excellent mechanical properties of Ni-based alloys at
high temperature are derived from the Ll -reinforced y" phase,
so the volume fraction, morphology and coarsening rate of the
strengthening phase have close relationship with the
mechanical properties. In particular, the formation of raft-like
affects  the

y'  phase seriously creep properties of
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superalloys™ . Some literatures on the rafting dynamics of y’
phase suggest that under loads at high temperature, lattice
mismatch stress and external force can cause the forming
elements of y phase to diffuse away from the regions at the
coarsening direction, while the forming elements of y' phase
diffuse to the regions to realize its coarsening, and the rafting
rate is proportional to the changes of the lattice mismatch
stress and external force! ",

The investigations on the dependence of y’ rafting on creep
strains indicated that the threshold strain required to induce
significant rafting is determined to be 0.10%+0.03% for the
CMSX-4 superalloy, and the creep dislocations being
absorbed at y'/y interfaces provide the kinetic path, which
makes the rafting at reasonable rates!”'*!. Therefore, the raft-
like 9'/y microstructure is formed very quickly and is
completed within 10 h"*"*, Thereafter, the creep rate of the
alloy decreases with the increasing strain. The hardening
effect results from the decrease in number of vertical y
channels due to the y'-phase rafting. Furthermore, the config-
uration of the y' phase has important influence on the creep
behavior of single crystal superalloys'”, and some dislo-
cations begin to shear into raft-like y" phases when the creep
strain reaches 2%—4%""".

In the initial stage of creep at high temperature, many
dislocations move in y matrix to the y/y" interfaces by sliding
or cross-sliding, and when dislocations at different slip planes
meet and undergo dislocation reactions, dislocation networks
can form at the p/y’ interfaces"™ ', which reduces the
mismatch stress there®. The movement of dislocations plays
a crucial role in plastic deformation and eventual creep failure
of the material. During creep at high temperature, the
dislocations in the matrix are activated and slip to the p/y’
interfaces to react with the dislocation networks, which can
change the dislocation moving directions, promote the
dislocations to climb along the jogs of dislocation networks to
another slip plane, and gradually slip and climb over the raft-
like y phase along the dislocation jogs”'*?. Therefore,
dislocation networks present in the superalloys can coordinate
the strain hardening and recovery softening that occur during
creep, and can delay or hinder the process of dislocations
cutting raft-like 7’ phase, which effectively decreases the creep

™1 In addition, the creep

rate and improves the creep life
property of the alloys has a relationship with the spacing of
dislocation networks, and the creep life increases when
decreasing the spacing of interface dislocation network™.
However, the dislocation networks’ formation process, mor-
phology, evolution regularity and the interaction mechanism
with dislocations in DZ125 directionally solidified alloys
during creep at high temperature still need to be further
investigated.

In response to the above issues, creep performance tests and
microstructure observation were conducted on a DZ125 alloy
under the conditions of high temperature and low stresses.
Combined with diffraction
configuration, the phase formation and evolution in the
DZ125 alloy during the high-temperature creep were studied,

analysis of dislocation

as well as the formation and evolution of dislocation networks
at y/y’ interfaces.
mechanisms of the DZ125 alloy during creep at different
stages were also investigated. These are expected to provide
theoretical basis for the development and applications of
DZ125 superalloys.

The deformation and strengthening

2 Experiment

The master alloy with the composition of Ni-8.68Cr-
9.80C0-7.08W-2.12Mo-5.24A1-0.94Ti-3.68Ta-1.52Hf-0.012B-
0.09C (wt% ) was placed in a ZGD vacuum directional
solidification furnace to prepare DZ125 alloy test bars with
the diameter of 16 mm and the length of 180 mm, and with
[001] -oriented columnar crystal structures. The deviation be-
tween the growth direction of the test bars and the [001]
orientation was controlled within 7° . The heat treatment
regime included homogenization at 1180 ° C for 2 h and
solution treatments at 1260 °C for 3 h followed by air cooling,
and the first and second aging treatments were at 1100 °C for
4 h and 870 °C for 20 h (air cooling), respectively.

After the full heat treatment, the alloy was machined into
plate-like creep samples along the [001] orientation, whose
cross section was 4.5 mmx2.5 mm and the gauge length was
20 mm. After grinding and polishing, the creep performance
of the samples was tested at 1040 °C and under the stress
ranging from 127 MPa to 147 MPa, and the creep curves were
drawn. Moreover, under the creep conditions with the stress
level of 50—137 MPa at 1040 °C, the test was stopped after
different time in order to determine microstructure evolution
characteristics of the alloy. And the samples under different
experimental conditions were placed in the corrosion solution
of 5 g CuSO,+100 mL HCI+5 mL H,SO,+80 mL H,O for
chemical corrosion, and the microstructure of the corroded
samples was observed by scanning electron microscope
(SEM). The rafting time of y" phase, which is defined as the
creep time of ' precipitates connected with other 3’
precipitates in a region, was roughly determined by the trial
and error method. The samples under different experimental
conditions were machined to obtain a round sample with the
diameter of 3 mm and thickness of 60 um. After being thinned
by 7vol% perchloric acid+93vol% anhydrous ethanol etching
solution at the temperature below —20 °C, the microstructure
was observed by a JEM-2100 transmission electron
microscope (TEM). Moreover, SEM and TEM were used to
observe the microstructure of the alloy after different creep
time and fracture, and the dislocation configuration was
analyzed by contrast analysis. The microstructure evolution
characteristics, creep behavior and its influencing factors of
the alloy at high temperature were studied.

3 Results

3.1 Microstructure and creep characteristics

Fig. 1 shows the microstructure of the DZ125 superalloy
after the heat treatment. Fig. la shows the dendrite
microstructure, where the primary dendrite grows along the



Li Yongxiang et al. / Rare Metal Materials and Engineering, 2025, 54(7):1733-1740 1735

[001] orientation, as indicated by the arrow, and the direction
of the secondary dendrite is defined as the [010] and [100]
orientations, as denoted by the white line. The spacings of the
primary and the secondary dendrite arms in the cross section
of the alloy are about 260 — 340 pm and 60 — 100 pm,
respectively. The distance between the boundaries in the
columnar crystal structure is approximately 150-250 um.

Fig. Ib shows the microstructure of the y'/y phases in the
alloy after the full heat treatment. It can be found that the
microstructure contains the cubic ' phase embedded in the y
matrix coherently, possesses a negative misfit (&, >a.,), and the
grain boundary in the superalloy is located between the grains
A and B, as indicated by the arrow. The two white lines show
that the cubic y’ precipitates are regularly arranged, and the
orientation difference of approximately 15° appears between
the grains A and B. Fig.1c shows the amplified morphology of
the cubic 9" phase in the grain A. It can be calculated that the
cubic ' phase has an average size of approximately 0.4 pm,
and the y matrix channels have a size of approximately 0.1
pm, which are regularly arranged along the <100> direction.

After solid solution and two-stage ageing treatments, the
creep curves measured at 1040 °C under the stresses of 127,
137 and 147 MPa are shown in Fig.2%", the strain rates during
the steady stage are 0.0158%, 0.0204% and 0.0268% h'', and
the creep lives are 119, 98.7 and 54.6 h, respectively. In
particular, when the stress at 1040 °C increases from 137 MPa
to 147 MPa, the creep life is decreased by 44.7% from 98.7 h
to 54.6 h, indicating that the alloy shows strong stress
sensitivity when the applied stress is greater than 137 MPa.

3.2 Microstructure evolution during creep

The microstructure of the DZ125 superalloy after creep for
different time at 1040 °C/137 MPa is shown in Fig.3, where
the double arrow indicates the applied stress direction. Fig.3a
shows that after 1 h of creep, the y’ phase evolves into the
sphere-like microstructure. The y'-phase length along the hori-
zontal direction increases until linking into the bunch-like
structure, and the thickness of the bunch-like )’ phase
decreases slightly.

Fig.3b and 3c show that after creep for 2 and 2.5 h, the y’
phase in the superalloy gradually evolves into raft-like

morphology in the direction normal to the stress axis, but
some sphere-like ' precipitates still exist, as indicated by the
arrow in Fig.3c. After creep for 3 h, the y' precipitates in the
superalloy completely evolve into raft-like y' precipitates in
the direction normal to the stress axis, as shown in Fig. 3d.
Compared with Fig.3a and 3b, the thickness of raft-like y'
precipitates slightly increases. Therefore, the y'-phase rafting
time of the alloy under the creep condition of 1040 °C/137
MPa is determined to be 3 h, when the alloy is still in the
initial stage of creep.

Furthermore, by means of the trial and error method, the
time for y' -phase rafting in the superalloy at 1040 °C and
under different stresses of 100, 80 and 50 MPa are determined
to be 4.5, 7 and 15 h, respectively. Fig. 4 shows the
relationships between the y' rafting time in the superalloy
subjected to stress at 1040 °C and different applied stresses,
indicating that the time for y'-phase rafting during creep in-
creases as the applied stress decreases.

3.3 Deformation mechanism during creep

The microstructure of the DZ125 superalloy under 1040 °C/
137 MPa after creep for different time is shown in Fig.5, in
which the loading direction is indicated. Fig. 5a shows the
microstructure of the alloy after 1 h of creep, which is
consistent with Fig.3a. At this time, most y’ phases only form
spherical morphology, and the size of y' phases has no
significant changes. The average thickness is still about 0.4
pm and the average thickness of the matrix channel is about
0.15 pum. In the horizontal channels of the alloy, a number of
dislocations in the same direction are observed, as marked by
the white arrows in the figure, and these dislocations generally
have the same Burgers vector”®. Moreover, the fault line is
mainly along the <110> direction, which is the result of the
dislocation slipping through the y matrix channels on {111}
slip planes””. The linear orientations of these dislocations are
not well-defined mismatch orientations ([100] and [010]), but
the generation of these dislocations can effectively alleviate
the mismatch stress at the (001) interface during initial creep.
The microstructure of the alloy after creep for 2 h is shown in
Fig. 5b. At this time, some )’ phases are connected to form
rafts, but there are still spheroids alone, as shown by the

Fig.1 Microstructures of DZ125 superalloy after full heat treatment in various regions: (a) dendrite morphology on (100) plane, (b) morphology in

dendritic/interdendritic regions, and (c) fine cubic )y’ precipitates in dendrite region
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Fig.2 Creep curves of DZI125 superalloy under different applied
stresses at 1040 °C

arrow. It can be seen that at this time, the moving dislocations
in the original y matrix basically slip to y/y’ interfaces, but it is
not observed that the dislocations shear into the 9’ phase. Two
sets of dislocations with different Burgers vectors are found in
y matrix channels, which react with each other to form
dislocation networks, as shown in the white square, whose
enlarged view is shown in the upper right corner of Fig. 5b.
However, at this time, the dislocation networks are not perfect
and continue to evolve. Therefore, the initial dislocation
networks in the alloy under creep conditions of 1040 °C/137
MPa formed before the ' phase was completely transformed
into raft-like morphology. According to the analysis, this is
because the formation of dislocation networks at y/y
interfaces can release mismatch stress, and dislocations are
the fast channels for element diffusion. The denser the
dislocations, the faster the elements diffuse, and the release
of mismatch stress and the diffusion of elements are the
prerequisites for the rafting of y" phase.

The microstructure of the DZ125 superalloy after creep for
40 h and 98.7 h up to fracture under the conditions of 1040 °C
and 137 MPa is shown in Fig. 6, and the stress direction is
indicated by the double arrows. Fig. 6a shows the micro-
structure of the alloy after creep for 40 h, when the creep
enters the steady stage, and the strain is about 2%. It can be

seen that the y' phase has completely evolved into raft-like
morphology at this time. The sizes of the two phases of y’ and
y are approximately 0.5 and 0.25 pm respectively, and
dislocation networks with quadrilateral and hexagonal shapes
are located at the y'/y interfaces, as shown by the arrow in the
figure. The dislocations only slip in y matrix channels and do
not shear into the )’ rafts. The analysis suggested that this was
because when the creep dislocations slip to the raft y'/y
interfaces, some of the dislocations react with the dislocation
networks, which changes the dislocation moving directions,
and causes the dislocations to climb along the jogs of the
dislocation network to other slip planes and gradually slide
and climb along the jogs to cross the raft-like y' phase.
Therefore, the dislocation networks in the DZ125 alloy have
the coordinated effect on strain hardening and recovery
softening during creep. Fig.6b shows the microstructure of the
alloy after creep for 98.7 h up to fracture at 1040 °C/137 MPa.
The size of y' phase changes to approximately 0.6 pum at
this time, and the size of y matrix channel is approximately
0.25 pum. Most of the interfacial dislocation networks are
destroyed, more dislocations shear into the raft-like y" phase,
and the traces of sheared dislocations are oriented at 45° in the
[011] and [011] directions with respect to the direction of the
applied stress axis. In addition, the raft-like y* phases normal
to the stress axis are twisted and broken along the [011] and
[011] directions, as shown in the areas B and C in Fig.6b. It
can be analyzed that the shear stress is the greatest at the 45°
relative to the applied stress direction during creep, and at the
later stage of creep, high density dislocations are piled up in y
matrix to cause stress concentration, which can cause the
damage of dislocation networks at the raft-like y'/y interfaces.
At this time, the dislocation moving in the matrix can shear
the raft-like y' phases along the maximum shear stress
direction.

Fig. 7 shows the morphology of crack initiation and
propagation and the force direction of the DZ125 alloy after
creep for different time under the conditions of 1040 °C and
137 MPa. The microstructure of the alloy after creep for 88 h
is shown in Fig.7a, indicating that microcracks appear in the
alloy at this time, as shown by the arrow in the figure. It can

Fig.3 Microstructures of DZ125 superalloy after creep under the conditions of 1040 °C/137 MPa for different time: (a) 1 h, (b) 2 h, (c) 2.5 h, and

d3h
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Fig.4 Relationship between )’ -phase rafting time of DZ125 super-
alloy during creep at 1040 °C and different stresses

be analyzed that during the creep process, under the action of
maximum shear stress, the dislocations cutting into the )’
phase undergo alternating double-oriented sliding, which
causes the twist and fracture of the raft-like y'/y phases and the
initiation of microcracks at y'/y interfaces. Combined with the
facts that dislocations cut into the y' phase and the )’ phase is
twisted and broken, the alloy has lost creep resistance. At the
same time, the initiation of microcracks leads to the
reconcentration of stress, which can promote the propagation
of microcracks along yy interfaces. As creep continues, the
microcracks continue to expand, and large cracks are formed
in each section, which reduces the effective area of the sample
bearing loads and the creep resistance. When the crack tip has

the opening displacement to the critical value, unstable
propagation occurs to the cracks, and the cracks in each
section are connected with each other at the instant of the
creep fracture of the alloy to form large cracks, as shown in
Fig.7b, which shows the crack morphology in the alloy after
creep for 98.7 h to fracture. It is analyzed that this is the
deformation and damage characteristic of the DZI125
superalloy during creep at high temperature.

After creep for 98.7 h up to fracture at 1040 °C/137 MPa,
the dislocation configuration in the raft-like y’ phase of the
area approximately 6 pm away from the fracture is shown in
Fig. 8. The dislocations cutting into the raft-like y’ phase are
denoted as K, L and M in the figure, and it can be seen that the
same dislocation differs under different diffraction conditions.
When g=[022] and g=[133], both dislocations K and L display
contrast, as shown in Fig.8a and 8b.

Fig.8c shows that when g=[113], the dislocation K does not
display contrast, and dislocation L displays contrast. Fig. 8d
shows that when g=[002], the dislocations K and L do not
display contrast. According to the invisibility criterion of
2-b=0, the Burgers vectors of dislocations K and L are
b,=(1/2)[110] and b,=(1/2)[110], respectively. Since the trace
directions of the dislocations K and L are g, =[121] and
1, =[202], respectively, the slip plane of dislocation K is the
bxu,=(111) plane, and the slip plane of the dislocation L is
the b x u,= (111) plane. When the diffraction vectors are
g=[133], g=[113] and g=[002], the dislocation M displays
contrast, as shown in Fig.8b—8d. When the diffraction vector
is g=[022], the dislocation M does not display contrast, as

Fig.5 Microstructures of DZ125 superalloy at the initial stage after creep under conditions of 1040 °C/137 MPa for different time: (a) 1 h;

(b)2h

Fig.6 Microstructures of DZ125 superalloy after creep under the conditions of 1040 °C/137 MPa for different time: (a) 40 h; (b) 98.7 h up

to fracture
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Fig.7 Microstructures of DZ125 superalloy after creep under the conditions of 1040 °C/137 MPa for different time: (a) 88 h; (b) 98.7 h up

to fracture

Fig.8 Dislocation configuration in raft-like y' phase after creep for 98.7 h to fracture under conditions of 1040 °C and 137 MPa: (a) g=[022];

(b) g=[133]; (¢) g=[113]; (d) g=[002]

shown in Fig. 8a. According to the invisible criterion, the
Burgers vector of the dislocation H is b,=(1/2)[011], and since
the trace direction of the dislocation H is g, =[112], the slip
plane of dislocation H is b, x u,=(111). The above analysis
shows that the deformation mechanism of the DZI125
superalloy at the late creep stage under the conditions of
1040 °C/137 MPa is that the dislocations slip in the y matrix
and enter the ' phase, and the dislocations shearing into the y’
phase only slip in the {111} plane.

4 Discussion

4.1 Formation and strengthening mechanism of interfacial
dislocation networks
Stress and temperature affect the creep property of alloys
28 Therefore, the
construction and destruction of the y'/y interfacial dislocation
networks have important impacts on the deformation
mechanism and properties of the DZ125 superalloy. The

by influencing dislocation networks

a/2<110>{111} dislocation in the y matrix channel is activated
and rapidly propagates, and more 60° mixed dislocations are
formed at the y'y interfaces (Fig.5a). At this time, the DZ125
superalloy has a large strain. As creep progresses, the
dislocation density at y’y interfaces increases continuously,
and another set of mixed dislocations with different Burgers
vectors appears. Under the combined action of external stress
and interface mismatch stress, the two sets of mixed

dislocations react with each other to gradually form initial
dislocation networks at yy interfaces (Fig. 5b). The initial
dislocation networks can obstruct the dislocation movement
so that the alloy enters the initial deceleration creep stage, and
the creep rate gradually decreases, which is the stage of strain
hardening. At the same time, the formation of these
dislocation networks effectively releases the interfacial
mismatch stress, and the dislocations rapidly diffuse through
the interfacial dislocation network so that the y’ phase is
gradually transformed into raft-like morphology. Moreover,
the dislocations in the DZ125 superalloy may slip and climb
under the action of thermal activation, which can alleviate the
local stress concentration, and lead to recovery softening.
When the strain hardening and recovery softening get to
equilibrium, the creep of the alloy enters the steady stage.
Since the cubic y’ phase is completely transformed into raft-
like morphology at this time, which can effectively impede the
dislocation movement, so the a/2<110> interface dislocations
become finer than those at the creep deceleration stage,
resulting in more dislocations interacting with each other to
form denser and more regular dislocation networks (Fig. 6a).
The moving dislocation in the y matrix reacts with the dense
dislocation networks, the original moving direction of the
dislocations is changed, and the dislocations are promoted to
climb to another slip plane along the jogs of dislocation
networks. Therefore, the deformation mechanism of the
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DZ125 superalloy at the steady creep stage is dislocation
slipping and climbing over the y’ phase. During the third creep
stage, the dislocation networks is destroyed as the strain rate
increases, a great number of dislocations shear into the raft-
like y" phase, which are twisted and broken (Fig. 6b). The
formation process of interface dislocation networks is
schematically shown in Fig.9. After the alloy begins to creep
at the high temperature and low stress, the dislocations b, and
b, slip on the (111) and (111) planes in the y matrix phase,
respectively. When sliding to (100) plane of the y'/y interface,
the dislocation can cross-cut, but the two dislocations do not
react with each other at this time.

The intersection of the (111) and (100) planes is parallel to
the Burgers vector of b,, and b, can be intercepted by the (100)
plane. If the spiral part of b, crosses the (100) plane, part of
the dislocation segment is perpendicular to b, and reacts with
b, to form b,. Subsequently, a quadrilateral dislocation net-
work can be formed in the (100) plane as dislocations contin-
uously move along the path of b,and b,, and reaction occurs.
And the dislocation reaction formula can be expressed as:

b +b,=b, (1
where b,, b, and b, are the Burgers vectors of the dislocations,
as shown in Fig.9a, and the dislocation groups of b, and b,
form a quadrilateral dislocation network, as shown in Fig.9b.
As creep goes on, under the action of dislocation tension, the
three dislocations at the nodes of the quadrilateral dislocation
networks transit to the equilibrium state. When the equilib-
rium state is reached, the angles between the three dislocation
lines are 120° to form a more stable hexagonal dislocation
network, as shown in Fig. 9c. However, the stability of the
quasi-quadrilateral dislocation network is greater than that of
the quadrilateral or hexagonal dislocation networks, the
dislocation network develops into a quasi-quadrilateral
dislocation network with greater stability. The quasi-
quadrilateral dislocation network is not a regular quadrilateral,
but a short dislocation segment is formed at the junction of the
two main dislocations, which is actually a hexagon with two
short sides and four long sides. Fig.9d shows the diagram of a
quasi-quadrilateral dislocation network, which has poor
mobility. So, it is very stable and not easily destroyed during
creep, and thus it can prevent dislocations more effectively
from cutting into the y’ phase, and has an important influence
on the performance of the alloy.

4.2 Driving forces of element diffusion and directional

growth of y’ phase

During high-temperature creep, the lattice strain of the y/y
phases enhances with the external stress to cause chemical
potential changes of the elements in the horizontal and vertical
channels, and some dislocations can be activated in y matrix
channels™), which may accelerate elemental diffusion to cause
the directional growth of y’ phase®”. If the lattice strain energy
change is considered to be equivalent to the interatomic
potential energy change, the interatomic potential energy
change (AW), the chemical potential gradient change of the
elements (Ay) in p matrix channels, the interfacial energy

A b R d
b, NG Y N AR
by 11 by 1 AN
— T A AL
A /\/' =
b b : \/ M/

Fig.9 Diagrams of formation process of interfacial dislocation
network: (a) two sets of dislocations with different Burgers
vector; (b) quadrilateral dislocation network; (c) hexagonal

dislocation network; (d) quasi-quadrilateral dislocation network

change (AG) and the misfit stress change (AJ) on the p/y’
interface can be considered as the driving forces of the
element diffusion and the directional growth of y'" phase. The
above driving forces can be expressed as the following

formula:
F =AW+ |Aw| +|AGg |+ | A | ®))
Furthermore, it can be expressed as follows:
24 E
Fy=—[1 - ———1+|Aw|+|AG]
3
i . &)

+— (6, 0. )
2E (O-(l O-mls)

where 4 and B are constants, E is elastic modulus, o, is the
lattice constant of the y and y’ phases without external stresses,
and o, and ¢

mis

are the applied stress and the misfit stress,
respectively. Thereinto, the interatomic potential energy
change originating from the applied stress is denoted to be the
first item, the chemical potential gradient of the elements in
the vertical and horizontal y channels is defined as the second
item, the third item denotes the interfacial energy change
before and after the alloy bearing external stresses, and the
fourth item is defined as the misfit stress change resulted from
the applied stress. Eq. (3) indicates that when the external
stress increases, the strain energy of the lattice on the planes
of the cubic y’/y phases and the chemical potential gradient of
the elements increase. Therefore, the element diffusion rate
increases with the increase in applied stress, which accelerates
the rafting process of y’ phase. This is consistent with the
results in Fig.4.

5 Conclusions

1) After full heat treatment, the microstructure of DZ125
superalloy consists of the cubic y’ strengthening phase and the
y' matrix phase. In the initial stage of high-temperature creep,
the y' strengthening phase evolves into raft-like morphology
along the direction normal to the stress axis, and its rafting
time extends with decreasing applied stress.

2) At the early creep stage, the two sets of mixed
dislocations with different Burgers vectors in the y matrix
channel meet and react to form a quadrilateral dislocation
network at the y/y interface, and the raft-like structure of the y’
phase is formed after the formation of the interfacial
dislocation network. With the progression of creep, the
quadrilateral dislocation networks are gradually transformed
into hexagonal and quadrilateral dislocation networks.
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3) At the steady creep stage, the deformation mechanism of 1549
the DZ125 superalloy involves a great number of dislocations 13 Dubiel B T, Czyrska-Filemonowicz A. Journal of Microscopy[J],
slipping in the matrix and climbing across the raft-like y’ 2010, 237(3): 364
phase. At the late creep stage, the raft-like y’ phase is cut by 14 Reed R C, Matan N, Cox D C et al. Acta Materialia[J], 1999,
dislocations at the damaged part of dislocation networks. The 47,3367
alternating slipping of dislocations in the raft-like y’ phase 15 Reed R C, Cox D C, Rae C M F. Materials Science &
may distort and break the raft-like y”/y phase, which may cause Engineering A[J], 2007, 448(1-2): 88
micropore aggregation and microcracks at the raft-like y7y 16 MaA, Dye D, Reed R C. Acta Materialia[T], 2008, 56(8): 1657
interfaces. The damage and fracture mechanisms of the 17 Coakley J, Reed R C, Warwick J L et al. Acta Materialia[J),
DZ125 superalloy at the late stage of high-temperature creep 2012, 60(6-7): 2729
are that the microcracks continue to expand until creep 18 Wu W P, Guo Y F, Wang Y S. Physics, Mechanics & Astron-
fracture. omy[J], 2012, 55(3): 419

19 Zhu'Y X, Li Z H, Huang M S. Computational Materials Sci-
encell], 2013, 70: 178

20 Cui C Y, Osawa M, Sato A et al. Metallurgical & Materials
Transactions A[J], 2006, 37(2): 355
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ZEAGHY, B, gk R SRR, EMbER T, BXE R
(1. SN TN E AR U RSB, M B5 551700)
2. SN EHREHE AR RS HUHE 7 TRER, St 5tPH 551400)

W F: WX DZ125 A el AT IR AR R HHTESHMEL, WHTE 1 DZ125 & &7 il il A2 50T N AU AR . Z2R3E
W, fEmIRIGAIN], B EAE y R RETE P IZ ) B R Burgers J% i TR S LA AT I8 R A SRETR J y fy W AE ST A TR AL A, 94
TERAIRH PR LU 5, B ARARIREAT, DU I A 4 P M e A Dy N ad % A IS T L 45 T o S I A2 ) < (R AR L
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