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(LWW),  
 
Aims/milestones reached: 
 

- SEM investigation of microstructural evolution during creep in dependence 
ofloading direction, strain and time. 

- Development of a new creep test setup for experiments under protective 
atmosphere or vacuum. 

- Investigation of creep fracture mechanisms in Ni-base superalloys. 
- Development of a new technique so study interfacial dislocation structures 

by means of SEM. 
- Characterization ofrafting anisotropy in samples loaded along [110] at 

small strains. 
- Development of a new technique to perform high magnification and high 

resolution EBSD measurements in superalloys. 
- EBSD measurements at crept samples. 
- New results on the sensitivity of creep testing at the <110>-pole. 
- Characterization of dislocation structures emanating from pores. 
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Executive Summary: 
 
It was shown that the mechanical response of the single crystalline Nickel-based 
superalloy LEK94 at 1020°C and 160 MPa depends on the loading direction, Fig. 1. 
In the present work two characteristic features of the creep behavior were confirmed 
and explained. First it was shown, that the minimum strain rate of [110]-samples is 
lower than for [001]-samples. Second, the increase of strain rate in the tertiary 
regime is higher for [110]- than for [001]-tests, Fig. 1. 
 

 
Fig. 1: Creep data of uniaxial tensile creep tests of LEK94 at 1020°C and 160 MPa. 
(a) [001]-tensile creep tests, . (b) [110]-tensile creep test, . (c) [001]-
tensile creep tests, . (d) [110]-tensile creep tests, . 
 
In this work, the microstructural evolution in the early stages of creep for [001]- and 
[110]-samples were investigated by performing interrupted creep tests withdifferent 
creep times. Microstructural investigations were performed using scanning electron 
microscopy. It was shown, that the directional coarsening of the γ´-phase is strongly 
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anisotropic. During [001]-creep loading, rafting occurs perpendicular to the loading 
direction in the (001)-plane, Fig. 2. During [110]-loading, slower rafting in all <100>-
directions was observed, Fig. 3. It was shown for both loading directions, that rafting 
is slightly different when one compares prior dendritic and interdendritic regions. 
Rafting begins in the interdendritic regions. 
The widening of the γ-channels in the beginning of creep is more pronounced during 
[001]-loading, Fig. 2. The wider γ-channels account for higher minimum creep rates 
as compared to [110]-tests, Fig. 3. 
The lower minimum creep rates observed in <110> creep tests, Fig. 1, can be 
rationalized by narrower γ-channels and a significantly lower number of activated 
macroscopic crystallographic slip systems. Moreover, dislocation networks are 
irregular and appear to be less well suited to accommodate γ/γ´-misfit. The stronger 
increase of creep rate in the [110]- as compared to the [001]-creep tests is probably 
related to differences in the γ´-cutting process. Further work is required to clarify this 
point. 
 

 
Fig. 2: Microstructural evolution at 1020°C and 160 MPa during [001]-creep testing. 
(a) and (c) 9 h. (b) and (d) 36 h. (a) and (b) dendritic core. (c) and (d) interdendritic 
area. 
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Fig. 3: Microstructural Evolution of [110]-creep samples on (001)-planes after creep 
testing to different times in the dendritic and interdendritic regions. (a)-(d) dendritic 
cores. (e)-(h) interdendritic regions. (a) and (e) 36 h. (b) and (f) 81 h. (c) and (g) 121 
h. (d) and (h) 169 h.  
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The beginning of rafting in the interdendritic regions can be rationalized by the 
finding, that pores which lie in the interdendritic regions of the this alloy can act as 
dislocation sources. In the heat treated condition no dislocations can be found 
around pores, Fig. 4a. After a short creep test of 9 h, a high amount of interfacial 
dislocation traces can be found around pores, Fig. 4b. Approaching a former 
dendrite, it can be shown, that this microstructural area is still dislocation free, Fig. 4. 
 

 
Fig. 4: (a) No pores can be found in the heat treated condition around pores. (b) After 
a short creep test of 9 h a high amount of dislocations can be found in the vicinity of 
pores. Nevertheless, former dendrites remain nearly dislocation free in this material 
state. 
 
Finally, interactions between cracks and γ- and γ´-phase regions of the microstructure 
were investigated and it appears, that the γ´-phase show a lower crack resistance 
than the γ-phase, Fig. 5. 

interdendritic area 

dendritic area 
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Fig. 5: Damage in creep samples after 5% plastic strain. (a) [001]-creep sample. (b) 
detail of (a). (c) [110]-creep sample. (d) detail of (c). 
 
It is in superalloys-related literature accepted, that the <110> direction shows inferior 
creep properties compared to other loading directions [e.g. 1, 2]. To prove the 
sensitivity of the <110> pole to small misorientations, two types of samples were 
oriented by means of a Laue back reflection technique. One with 10° rotation to a 
<100> and a second one with 10° rotation to a <111> direction. These 
misorientations lead to a massive decrease in creep performance, and need to be 
studied by extended TEM-investigations. 
 

 
Fig. 5: Creep performance for different loading directions at 1020°C and 160 MPa. 
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