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Abstract: The effect of temperature on the compressive behavior and deformation mechanism of a Ni-based single 
crystal superalloy with low stacking fault energy was investigated in the temperature range from room temperature to 
1000 °C. The results indicated that both the compressive behavior and deformation microstructure were temperature- 
dependent. There was a higher yield strength at room temperature and then the yield strength decreased at 600 °C. After 
that, the yield strength would increase continuously to the maximum at 800 °C and then decrease rapidly. Furthermore, 
the deformation mechanisms were revealed by transmission electron microscope observation. The dislocation tangle 
and dislocation pairs pile-up were the main reasons for the higher yield strength at room temperature. At 600 °C, the 
transition in the deformation mechanisms from anti-phase boundary shearing to stacking fault shearing accounted for 
the slight decrease of the yield strength. At 800 °C, the deformation mechanism was mainly controlled by stacking fault 
shearing and the reaction of stacking faults along different directions as well as Lomer−Cottrell locks was responsible 
for the maximum yield strength. Above 900 °C, the primary deformation mechanism was the by-passing of dislocations, 
although there were still some stacking faults. Finally, the temperature dependence of deformation mechanism and 
compressive behavior was discussed. 
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1 Introduction 
 

Ni-based single crystal superalloys were 
extensively used in the elevated temperature 
environments such as gas turbines and power 
engines due to their excellent strength, ductility, 
fatigue resistance, and oxidation resistance at elevated 
temperatures [1]. These outstanding mechanical 
properties were derived from their internal structure: 
a combination of the FCC γ matrix and the coherent 

L12 γ′ precipitate, which was known to be the origin 
of unusual anomalous high-temperature mechanical 
properties of the superalloys [2]. Several temperature- 
related factors about γ′ precipitates would affect  
the mechanical properties at various temperatures, 
such as the volume fraction [3], the γ/γ′ lattice 
misfit [4−6], and the intrinsic strength [7]. And  
the deformation mechanism and dislocation 
configurations also exhibited obviously temperature- 
dependent [8,9]. At low temperatures, a/2110 
dislocation pair would shear γ′ precipitates and  
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create an anti-phase boundary (APB). At 
intermediate temperatures, the stacking fault 
shearing into the γ′ precipitate was the most typical 
feature and dislocation configurations contained 
stacking faults and micro-twins. And the main 
deformation mechanism was dislocations by- 
passing γ′ precipitates at high temperatures. 

To acquire a comprehensive property in 
Ni-based single crystal superalloys, more than 10 
alloying elements were always added, including Co, 
Cr, Ti, Ta, Mo, W, Re, Ru, and so on. Among these 
elements in superalloys, Co was critically strategic 
and has attracted great attention. The addition of Co 
further improved the hot corrosion resistance in 
molten Na2SO4−NaCl salts [10], and it could also 
reduce the stacking fault energy (SFE) of γ matrix 
and γ' precipitates [11]. YUAN et al [12] considered 
that the addition of Co could improve the yield 
strength at intermediate temperatures. TIAN     
et al [13] concluded that Co addition reduced the 
SFE of the alloy and promoted the transition from 
isolated faults shearing to micro-twinning, which 
could enhance the yield strength and strain 
hardening ability at higher temperatures. Therefore, 
increasing Co content and reducing stacking fault 
energy might also improve the mechanical 
properties of Ni-based single crystal superalloys. 

During the service, a turbine engine blade was 
in general subjected to a combination of surface 
(aerodynamic) loads, centrifugal loads, and thermal 
loads [14,15]. Therefore, in the operating condition 
of the turbine blade, besides the centrifugal tensile 
stress, several areas of the turbine blade, such as the 
contact areas between blades and the disc, would be 
subjected to considerable compressive stress. And 
the tension/compression asymmetry in yield and 
creep strengths was a typical feature in nickel-based 
single crystal superalloys [16]. Moreover, the 
compressive test was a basic test for many metal 
materials and the result was a significant reference 
for creep and fatigue. Tensile tests of many 
superalloys with various microstructures were 
carried out [17−20], while compressive tests were 
rarely reported and the mechanisms leading to their 
outstanding properties were still incompletely 
understood. Therefore, a series of compressive tests 
of a Ni-based single crystal superalloy with a high 
amount of cobalt was conducted to elucidate the 
compressive behavior and deformation mechanisms 
at different temperatures. 

 
2 Experimental 
 

The nominal composition of an experimental 
Ni-based single crystal superalloy was as follows 
(wt.%): 3.5Cr, 12Co, 1.5Mo, 6W, 8Ta, 4Re, 6Al, 
and balance Ni, and the microstructure observation 
indicated that the γ′ phase had a low SFE about 
37.2 mJ/m2 [11]. Some single-crystal bars were 
directionally solidified in a modified Bridgman 
casting furnace as rods of 160 mm in length and 
14 mm in diameter. The as-cast samples were 
solution heat-treated at 1290 °C, 1 h + 1300 °C,  
1 h + 1310 °C, 3 h + 1320 °C, 5 h + 1328 °C, 15 h, 
and then air cooled. Subsequently, the solution 
heat-treated samples were subjected to the primary 
aging heat treatment for 4 h at 1180 °C and air 
cooling, and then were subjected to the secondary 
aging heat treatment for 24 h at 870 °C and air 
cooling. These compressive tests with a strain   
rate of 1×10−4 s−1 were carried out from room 
temperature (25 °C) to 1000 °C for the aged 
cylindrical specimens along the [001] direction 
using a thermomechanical simulator Gleeble 3500. 
The single crystal cylindrical specimen with a 
gauge length of 7 mm and a diameter of 5 mm was 
sectioned from single crystal bars. These samples 
were examined by FEI Talos F200X transmission 
electron microscope (TEM) under an acceleration 
voltage of 200 kV. Samples for TEM observation 
were cut into discs perpendicular to the [001] 
directions and mechanically ground to 60 μm and 
electrochemically thinned using a twin-jet polisher 
with an electrolyte of 7% perchloric acid in ethanol 
at −25 °C and 25 mA. 
 
3 Results 
 
3.1 Compressive behavior 

The compressive curves of the experimental 
alloy at several typical testing temperatures are 
shown in Fig. 1. And these compressive true 
strain−stress curves at various temperatures are 
demonstrated in Fig. 1(a). It was clear that the 
experimental alloy exhibited different compressive 
behaviors over the experimental temperature range. 
At room temperature (25 °C), a typical feature of 
upper and lower yield points was seen on the 
strain−stress curve; the stress value increased as the 
strain increased and reached its upper yield point, 
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Fig. 1 Compressive curves of experimental alloy at 
several typical testing temperatures: (a) Compressive 
true strain−true stress curves at various temperatures;  
(b) Temperature dependence of yield strength 
 
followed by a rapid fall in stress to its lower yield 
point. At 600−800 °C, the alloy exhibited similar 
deformation behavior, and there were no 
well-defined yield points; however, the work 
hardening still occurred during the continuous 
plastic deformation and the stress increased and 
reached a platform as the strain increased. At 
900 °C, the deformation behavior of the alloy was 
different from that at medium and low temperatures. 
There were obvious yield points on the strain−stress 
curve. After yielding, the stress increased with the 
strain increasing until the ultimate stress was 
reached, and the stress dropped rapidly when 
beyond the peak load. The stress−strain curve at 
1000 °C was similar to that at 900 °C, except that 
there was no well-defined yield point. The 
temperature dependence of the yield strength of the 
experimental alloy is demonstrated in Fig. 1(b). The 
yield strength at room temperature had a relatively 

high value, which was about 867 MPa. The yield 
strength gradually decreased from room 
temperature to 600 °C, then remarkably increased 
with temperature increasing and reached its 
maximum at 800 °C. After that, the yield strength 
decreased by a large margin with the temperature 
increasing to 1000 °C. 
 
3.2 Deformation microstructures 

Figure 2 shows the typical microstructures of 
the specimens after compressive deformation at low 
temperatures (below 600 °C). At room temperature, 
a large number of tangled dislocations were filled 
up in the γ matrix channel, as shown in Fig. 2(a). In 
addition to these tangled dislocations in γ matrix, 
another typical dislocation structure was found in γ' 
precipitates, and these dislocations always appeared 
in pairs, which indicated that pronounced APB 
shearing occurred during the deformation. And the 
pile-up of dislocation pairs in γ' precipitates was 
found in Fig. 2(b). At 600 °C, the dislocation pair 
containing an APB was the main deformation 
microstructure in γ' precipitates, as shown in 
Fig. 2(c). And the density of dislocations in the γ 
matrix was greatly reduced compared with that at 
room temperature. In addition, the stacking fault 
was another typical deformation microstructure in γ' 
precipitates, as shown in Fig. 2(d), and these 
stacking faults were less in number and had the 
same direction. In addition, some Kear−Wilsdorf 
(K−W) locks were also found in γ' precipitates, as 
shown in Fig. 2(d), and some local bulgings   
along superdislocation were believed to be micro- 
structure evidence of local cross-slip motion of 
superdislocation from octahedral plane to cubic 
plane [21]. 

Figure 3 shows the deformation micro- 
structures of the experimental alloy at intermediate 
temperatures. Figure 3(a) illustrates the deformation 
microstructure of the specimen at 700 °C. The 
shearing γ' precipitates by stacking faults dominated 
the deformation process at this temperature. And 
these stacking faults were all along the same 
direction, which indicated that only one 112 slip 
system was activated during compression at 700 °C. 
And there were little K−W locks in γ' precipitates. 
The microstructure at 750 °C is shown in Fig. 3(b), 
and some stacking faults along the same direction 
were also found in γ' precipitates. Interestingly,  
lots of dislocations were found in γ' precipitates and  
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Fig. 2 TEM images showing deformation microstructures of experimental alloy at low temperatures: (a, b) RT;    
(c, d) 600 °C 
 

 
Fig. 3 TEM images showing deformation microstructures of experimental alloy at intermediate temperatures:        
(a) 700 °C; (b) 750 °C; (c, d) 800 °C 
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these dislocations existed in pairs marked by white 
rectangular frames. Figures 3(c, d) illustrate the 
deformation microstructures of the specimen at 
800 °C. In Fig. 3(c), two directions of stacking 
faults were frequently observed in γ' precipitates, 
which meant that two 112 slip systems were 
activated and marked as the main and secondary 
slip systems according to the number and extended 
length of stacking faults, respectively. The number 
along the main slip system was higher than that 
along the secondary slip system, and the extended 
length was also larger. The Lomer−Cottrell lock 
was a kind of reaction structure formed by stacking 
fault reaction and marked in Fig. 3(c). There was 
another stacking fault reaction different from the 
Lomer−Cottrell lock, which would be marked by a 
white circle in Fig. 3(c). In addition, the continuous 
stacking fault traversing through both γ and γ' 
precipitates was another typical deformation 
characteristic at 800 °C, as shown in Fig. 3(d). And 
these continuous stacking faults along the main slip 
system would react with the stacking fault along the 
secondary slip system, as marked by a white circle 
in Fig. 3(d). 

The deformation microstructures at high 
temperatures are shown in Fig. 4. As shown in 
Fig. 4(a), the coexistence of stacking fault shearing 
and dislocation bypassing γ′ precipitates occurred  
at 900 °C. And these stacking faults were isolated  
in γ' precipitates. At 1000 °C, although there   
were some stacking faults in γ′ precipitates, the 
dislocation bypassing became the main deformation 
mechanism, as shown in Fig. 4(b). 
 
4 Discussion 
 
4.1 Temperature dependence of deformation 

mechanism 
As mentioned above, the deformation micro- 

structure was different at various temperatures. In 
the γ matrix, the dislocations tangling was a 
common feature and existed at all temperatures; 
however, the density of dislocations was different. 
And in γ' precipitates, there were several kinds of 
planar faults including APBs, isolated stacking 
faults, continuous stacking faults, and so on. 

As depicted in Figs. 2(a, b), lots of tangled 
dislocations in the γ matrix and dislocation    
pairs in γ' precipitates were the typical deformation 
characteristics at room temperature. At the initial 

 

 
Fig. 4 TEM images showing deformation micro- 
structures of experimental alloy at high temperatures:  
(a) 900 °C; (b) 1000 °C 
 
stage, several a/2110 type dislocations moved in 
the γ matrix and they would be blocked due to   
γ/γ' interface strengthening [1,22]. Then, lots of 
a/2110 dislocations with different Burgers vectors 
would pile up at the interface leading to dislocation 
tangling. As stress increased, a a/2110 dislocation 
shearing from the γ matrix into the γ' precipitate 
would create an APB in the γ' precipitate. The other 
dislocation with the same Burgers vector would 
remove the APB when it cut into the γ' precipitate 
immediately, and then a dislocation pair was created 
in the γ' precipitate and formed in the following 
way [23]:  

/2 110 /2 110  in a a γ  +   →   
/2 110 APB /2 110  in a a γ'  + +           (1) 

 
In Fig. 2(b), there were several dislocation 

pairs with various directions, which meant that 
more than two {111}110 slid systems were 
activated. Theoretically, eight different {111}110 
slip systems would be activated for the [001] single 
crystal. However, due to the misorientation, some 
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slip systems with the larger Schmid factor were 
activated firstly. Moreover, the most striking feature 
was dislocation pairs pile-up in the γ' precipitate, 
which was caused by a large number of a/2110 
dislocations with the same Burgers vector in pairs 
sheared into the γ' precipitate. First, a pair of 
a/2110 dislocation sheared into the γ' precipitate 
via Eq. (1). Then, another dislocation pair with the 
same Burgers vector on the same slip plane sheared 
into the γ' precipitate along the same direction. Due 
to repulsion force, the first pair would move in the 
γ' precipitate. When a steady stream of dislocation 
pairs sheared into the γ' precipitate, the former  
kept moving until it moved to the γ/γ' interface  
and encountered a dislocation tangling. Then, 
dislocation pairs pile-up would be created in the γ' 
precipitate. 

Compared with room temperature, the stacking 
fault (SF) shearing γ' precipitates was the most 
striking feature at 600 °C. CARON et al [24] 
proposed a mechanism that these stacking faults 
were formed by the a/2110 matrix dislocation 
decomposition in the following way:  

/2 110 /3 112 SF /6 112a a a  →   + +           (2) 
 

The a/2110 dislocation decomposed at the 
γ/γ' interface and then the leading dislocation 
(a/3112 partial dislocation) entered into the γ' 
precipitate and created a stacking fault, while the 
tailing dislocation (a/6112 partial dislocation) 
remained at the γ/γ' interface. Although the 
dislocation reaction (2) seemed reasonable, from 
the viewpoint of energy, a/2110 could not 
dissociate, as Ea/2110<Ea/6112+Ea/3112, regardless of 
SFE of the γ′ precipitate. It needed some additional 
energy to keep the reaction balance and the misfit 
energy between the γ and γ′ phases might just 
supply the energy [9]. 

Another mechanism was as follows. Two 
a/2110 dislocations with different Burgers vectors 
dissociated at γ/γ' interface and the decomposition 
reaction was described as [25]  

/2 110 /2 110 /3 112 SF /6 112a a a a  +   →   + +  
    (3) 

From the viewpoint of energy, as Ea/2110 + 
Ea/2110 > Ea/3112 + Ea/6112, the reaction was 
favorable and feasible. Based on the research of 
stacking fault annihilation process during annealing, 
QU et al [26] further proved this mechanism. 
Therefore, this mechanism was adopted for 

discussion in this work. 
As the temperature increased to 800 °C, the 

density of stacking faults continuously increased, 
and the dislocation pair containing an APB was 
reduced. In fact, the dislocation pairs shearing 
mechanism (APB shearing mechanism) and the 
stacking fault shearing mechanism were 
competitive during the deformation. The APB 
energy was considered to be nearly constant from 
RT to 700 °C, while the SFE decreased within   
the temperature range [12,27,28]. Thus, the APB 
shearing mechanism was favored at RT and the  
SF shearing mechanism was activated at 600 °C. 
Therefore, there was a transition of two 
deformation mechanisms in the temperature range 
of 25−600 °C, and the transition temperature was 
closely related to the stacking fault energy [12]. In 
addition, the more negative γ/γ' lattice misfit would 
increase the energy barrier for dislocation pairs to 
directly enter γ' precipitates and supply the energy 
for the dislocation reaction of stacking fault 
shearing. 

At 700 °C, it should be noted that the stacking 
faults in Fig. 3(a) were along the same direction, 
indicating that only one {111}112 slip system was 
activated. At 750 °C, except for stacking faults 
along the same orientation, some short dislocations 
also appeared in γ' precipitates. Obviously, these 
dislocations existed in pairs and were parallel to 
each other. In addition, the blurred stacking fault 
contrast was found among some dislocation pairs 
marked by white ellipses in Fig. 3(b). Hence, they 
were probably stacking faults along another 
direction. There were three possible formation 
processes of these stacking faults in the γ' 
precipitates, as shown in Fig. 5(a). For SF-1 and 
SF-2, two a/2110 matrix dislocations with 
different Burgers vectors on (010) or (100) plane at 
the γ/γ' interface dissociated and created a stacking 
fault according to Eq. (3). And when viewed   
from the [001] orientation, a/6112 Shockley 
dislocations, b4 and b8, stayed at the γ/γ' interface 
and a/3112 Shockley dislocations, b3 and b7, 
sheared in the γ' precipitates. But for SF-3, two 
a/2110 matrix dislocations, b9 and b10, deposited 
on the upper or lower (001) plane dissociated and 
created a stacking fault in γ' precipitates. Although 
the a/6112 Shockley dislocation, b12, still stayed at 
the γ/γ' interface, it seemed to be in γ' precipitates 
due to an inappropriate perspective. Therefore,  
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Fig. 5 Schematic illustration of formation process of several types of stacking faults: (a) Possible formation process of 
stacking faults; (b) Lomer−Cottrell locks; (c): Another stacking fault reaction structure 
 
these two dislocations were a/6112 Shockley 
dislocation and a/3112 Shockley dislocation at 
both ends of the stacking fault, respectively, but 
stacking fault fringes were invisible. 

At 800 °C, the stacking fault shearing γ' 
precipitates was the main deformation mechanism. 
At least two slip systems were activated during 
deformation, and interactions between different slip 
systems would result in different fault structures. 
The Lomer−Cottrell lock was a typical structure 
formed by stacking fault reaction [29]. A possible 
formation process was schematically illustrated   
in Fig. 5(b). Two matrix dislocations on the (111) 
slip plane, 13 /2[0 11]b a=  and 14 /2[1 10],b a=  
dissociated at γ/γ' interface and the reaction was as 
follows:  

/2[0 11] /2[1 10]a a+ →
 

    
/3[121] SF-4 /6[121]a a+ +

             
(4) 

 
The /3[121]a  Shockley dislocation would 

shear into γ' precipitates and create the SF-4 on the 
(111) plane. At the same time, the dislocation 

16 /2[10 1]b a=  and the dislocation b17=a/2[110] 
would dissociate at γ/γ' interface and the reaction 
was as follows:  

/2[110] /2[10 1]a a+ →
 

    
/3[21 1] SF-5 /6[21 1]a a+ +

            
(5) 

 
The SF-5 was created on the (1 11)  plane by 

the /3[21 1]a  Shockley dislocation shearing. 
These two a/3112 Shockley dislocations would 
react at the intersection of (111) and (1 11)  glide 
planes in the following way: 

/3[121] /3[21 1] /3[3 10]a a a+ →             (6) 
 

The geometric and thermodynamic conditions 
could be satisfied for Eq. (6). And the line direction 
of the /3[3 10]a  dislocation was [10 1] . Thus, the 

/3[3 10]a  dislocation was a mixed dislocation and 
this type of stair−rod dislocation had been reported 
in the L12 phase of Ni73.5Al9Ti14Cr3.5 [30]. The 310 
stair−rod dislocation was also found in FCC metal 
but the Burgers vector was a/6310 [31]. Due to 
the crystal structure difference, the Burgers vector 
of the stair−rod dislocation in L12 γ′ precipitates 
was different from that in FCC metal. 

In addition, another structure of stacking faults 
reaction marked by a white circle was also found in 
Fig. 3(c). The density of stacking faults along the 
main slip system was higher and the extending 
length was also longer. This was because the main 
slip system had the largest Schmidt factor. Although 
another slip system would be activated owing to the 
lattice rotation during the plastic deformation [32], 
those former stacking faults would hinder the 
expansion of the later stacking fault. And the 
possible formation process was schematically 
illustrated in Fig. 5(c). The continuous stacking 
fault was also along the main slip system and 
hindered the expansion of other stacking faults 
marked by a white circle in Fig. 3(d). The SF-6 and 
the SF-7 were located on the same slip plane but 
caused by two slip systems. The (111)[1 12]  slip 
system had a larger Schmidt factor and was 
activated firstly, which resulted in the formation of 
SF-6 with a larger extending width. When the 
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(111)[2 1 1]  slip system was activated, SF-7 would 
be blocked by SF-6. 

As the temperature increased further, the 
density of stacking faults decreased. Therefore, only 
a few stacking faults were visible in the specimens 
when the deformation temperature was above 
900 °C. The dislocation bypassing γ′ precipitates 
became the main deformation mechanism. More 
interesting, there were some stacking faults at 
1000 °C, because the alloy had a low stacking fault 
energy [11]. And similar results were reported in 
other superalloys with a high amount of cobalt [33]. 
 
4.2 Temperature dependence of compressive 

behavior 
As mentioned above, the deformation behavior 

was different at various temperatures and the yield 
strength had obvious temperature dependence. In 
general, the temperature dependence of deformation 
behavior and yield strength stemmed from several 
temperature-related factors, including the γ/γ' lattice 
misfit, the intrinsic strength of γ' precipitates, the 
volume fraction of γ' precipitates, the deformation 
mechanism, and so on. Previous investigations 
demonstrated that almost Ni-based single crystal 
superalloys had the negative γ/γ' lattice misfit and 
the γ/γ' lattice misfit would decrease with increasing 
temperature following a similar law that the γ/γ' 
lattice misfit slightly reduced from RT to about 
700 °C and rapidly decreased above it [5,34]. 
Therefore, the performance below 700 °C did not 
originate from the change of the γ/γ' lattice misfit. 
The intrinsic strength of γ' precipitates was also a 
key factor affecting the properties. It unusually 
increased with an increase in temperature, reaching 
a peak value at approximately 800 °C, and then 
decreased sharply [7]. Although alloying additions 
would increase the intrinsic strength, the tendency 
was consistent and the peak value was also at 
intermedium temperature (700−800 °C). The 
volume fraction of γ' precipitates would keep at a 
relatively stable value at higher temperature (below 
800 °C) and decrease slightly when the temperature 
was above 800 °C and below 1050 °C [6,35]. 

At room temperature, the slip system with the 
biggest Schmid factor would be firstly activated due 
to the crystal misorientation in specimens. And the 
strain was mainly originated from the single slip in 
the elastic deformation stage. After yielding, other 
slip systems would take place owing to lattice 

rotation. And interactions among these slip systems 
caused the formation of dislocation tangling, which 
were confined in the γ matrix due to the blocking of 
the coherent γ/γ' interface. The high-density tangled 
dislocation was beneficial to work hardening. In 
addition, some dislocation pairs with APB would 
shear into γ' precipitates as the interface stress 
increased. The dislocation pairs pile-up was another 
important reason for work hardening. 

The yield strength at 600 °C was lower than 
that at room temperature, which was similar to 
other alloys [36]. The γ/γ' lattice misfit and the 
volume fraction of γ' precipitates did not affect the 
yield strength at 600 °C. CUI et al [9] thought that 
the majority of plastic deformation took place in the 
γ matrix at 600 °C and the decrease in strength of 
the γ phase might be responsible for the reduction 
of the yield strength from room temperature to 
600 °C. However, there were fewer dislocations in 
the γ matrix at 600 °C, as shown in Figs. 3(c, d). In 
contrast, several types of dislocations sheared into  
γ' precipitates, causing APB and stacking faults   
to coexist in γ' precipitates. As the deformation 
temperature rose to 600 °C, the main deformation 
mechanism changed from APB shearing to stacking 
fault shearing. Moreover, the stress required     
for the operation of stacking fault shearing was 
much lower than that needed for APB shearing to 
occur [37]. Hence, as the deformation temperature 
increased from room temperature to 600 °C, the 
yield strength would decrease significantly. 

At 700 °C, the stacking fault shearing was 
promoted due to the reduced γ/γ' lattice misfit and 
stacking fault energy. The density of stacking faults 
increased, which might lead to the advance of yield 
strength. And increasing intrinsic strength of γ' 
precipitates also resulted in the increase of yield 
strength [38]. The activation of multiple slip 
systems would result in lots of stacking faults with 
different directions at 750 °C. In addition, K−W 
locks were also found in γ' precipitates, which was 
the origination of anomalous yield [21]. Even so, 
the yield strength at 750 °C was still increased and 
the work hardening also originated from the above 
three factors. 

At 800 °C, the experimental alloy had the 
maximum yield strength due to the more negative 
γ/γ' lattice misfit and the maximum intrinsic 
strength of γ' precipitates. The plenty of stacking 
faults (including continuous stacking faults) along 
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the main slip system would hinder the expansion  
of the stacking fault along other slip systems. 
Moreover, Lomer−Cottrell locks could create 
barriers for cross-slip, and K−W locks were also 
considered a reason for the maximum yield strength. 
Moreover, the co-segregation of Re and W in 
stacking faults might be beneficial to the anomalous 
flow behavior of γ' precipitates and then result in 
the maximum yield strength [39]. 

At temperature above 800 °C, the yield 
strength of the experimental alloy rapidly decreased. 
Although the γ/γ' lattice misfit had a more negative 
value, the dominant deformation mechanism was 
changed from shearing to bypassing above 800 °C. 
The intrinsic strength of γ' precipitates would 
decrease drastically and the volume fraction of γ' 
precipitates decreased slightly. Hence, the yield 
strength decreased continuously. In addition, some 
stacking faults were also found at 900 and 1000 °C, 
which might be the reason for work hardening. 
 
5 Conclusions 
 

(1) The deformation microstructure had an 
obvious dependence on the temperature. At low 
temperatures, the main deformation microstructure 
was dislocation pairs containing an APB. At 
intermediate temperatures, stacking fault shearing γ' 
precipitates was the main deformation mechanism 
and the deformation microstructure contained 
stacking faults in γ' precipitates, continuous 
stacking faults, and Lomer−Cottrell locks. The 
primary deformation mechanism became the 
dislocation bypassing of γ' precipitate above 
900 °C. 

(2) The compressive behavior and yield 
strength were also temperature-dependent. The 
experimental alloy had a higher yield strength at 
room temperature, which was mainly from the 
dislocation tangle in the γ matrix. And the 
dislocation tangle would hinder the movement of 
dislocation pairs in γ' precipitates and created 
dislocation pairs pile-up, which would result in 
work hardening. At 600 °C, the yield strength 
decreased slightly, compared with that at room 
temperature. Above 600 °C, the yield strength 
would increase as temperature increased and 
reached the maximum at 800 °C. Several 
temperature-related factors contributed to the 
maximum yield strength, including the more 
negative γ/γ' lattice misfit and the maximum 

intrinsic strength of γ' precipitates. In addition, the 
reaction of stacking faults along different directions 
including Lomer−Cottrell locks was another 
important factor. At 900 and 1000 °C, the intrinsic 
strength and volume fraction of γ' precipitates 
would decrease, which was responsible for the 
decrease of yield strength. 
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摘  要：在室温至 1000 ℃的范围内，研究温度对一种低层错能镍基单晶高温合金压缩行为和变形组织的影响。

研究结果表明，压缩行为和变形组织均表现出温度相关性。室温下该合金具有较高屈服强度，600 ℃时屈服强度

有所下降；随后，随着温度的升高，屈服强度持续增加，并在 800 ℃时达到最大值；在 800 ℃以上时，屈服强度

迅速降低。通过透射电子显微镜观察揭示合金变形机制。位错缠结和位错对塞积是室温下屈服强度较高的主要原

因。在 600 ℃时，变形机制从反相畴界切割向堆垛层错切割转变，这导致屈服强度略有下降。在 800 ℃时，变形

机制以堆垛层错切割为主，而 Lomer−Cottrell 锁和不同方向堆垛层错之间的反应导致最大的屈服强度。在 900 ℃
及以上时，虽然仍存在一些层错，但主要变形机制为位错绕过机制。最后，讨论变形机制和压缩行为的温度依    
赖性。 
关键词：镍基单晶高温合金；位错结构；堆垛层错；压缩行为 
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