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Fig.1  Morphology of as-cast single crystal nickel based 

superalloy on (001) plane: (a) dendritic morphology, and 

(b) distribution of γ′ phase with different sizes in the 

dendrite / interdendritic regions 
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Fig.2  Morphology of γ′ phase under different conditions: (a) 

fully heat treatment, and (b) the coarsened γ′ phase after 

aged for 300 h at 1040 � 
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Fig.3  XRD patterns and the fitting curves of the superalloy at 

different states: (a) as cast, (b) fully heat treated, and (c) 

aged for 300 h at 1040 � 
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Table 1  Lattice parameter and misfit of γ′ and γ phases for the 

superalloy at different states at room temperature 

 

As cast Fully heat treated Aged 

Lγ/nm 0.368 57 0.359 78 0.366 24 

Lγ′/nm 0.366 59 0.358 58 0.364 98 

Misfit/% –0.54 –0.33 –0.41 
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Fig.4  XRD patterns of the superalloys with different Re  

contents: (a) 0%, (b) 2%, and (c) 4.5% 
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Table 2  Lattice parameter and misfit of γ′ and γ phases for  

superalloys with different Re contents at room 

temperature 

Re % 0 2 4.5 

Lγ/nm 0.356 78 0.359 78 0.361 67 

Lγ′/nm 0.355 08 0.358 58 0.360 79 

Misfit/% –0.48 –0.33 –0.25 
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Fig.5  XRD patterns of 2%Re alloy at different temperatures: (a)  

600 , (b) 800�  , � and (c) 1000 � 

 

� �������� 2%Re ����
 γ′�

��

�γ ��������

����

Table 3  Lattice parameters and misfit of γ′ and γ phases in 

2%Re alloy at different temperatures 

Temperature/� 25 600 800 1000 

Lγ/nm 0.359 78 0.361 17 0.362 63 0.363 90 

Lγ′/nm 0.358 58 0.359 24 0.360 41 0.361 41 

Misfit/% –0.33 –0.54 –0.61 –0.70 
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Fig.6  Lattice parameter (a) and misfit (b) of γ′ and γ phases in 

the alloy at different temperatures  
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Table 4  Expansion coefficient of γ′ and γ phases in 2%Re 

alloy in different temperature ranges 
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Influences of Element Re and Temperatures on the Lattice Parameter and Misfit of 

Single-Crystal Nickel-Based Superalloys 
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Abstract: By means of X-ray diffraction analysis at different temperatures and microstructure observation, an investigation has been made 

on the influence of element Re and temperatures on the lattice parameter and the misfit of single-crystal nickel based superalloys. Results 

show that the bigger lattice parameter and misfit are displayed in as-cast superalloy. After fully heat treatment, the cubic γ ′ phase is 

coherently embedded in the γ matrix phase, and the lattice parameters and misfit of γ ′ and γ phases are slightly reduced. After aged for 

long time, the coarsening of γ ′ phase in the alloy occurs, and the interfacial dislocations appear between γ ′ and γ phases, which increases 

the parameters and the absolute misfit of γ ′ and γ phases. The lattice parameters of γ ′ and γ phases in the alloys at room temperature 

increase with the element Re increasing, and the absolute values of the misfit decrease. Compared with the γ ′ phase, the γ matrix phase 

displays a bigger dilation coefficient; therefore, the lattice parameters and the absolute misfit value of γ ' and γ phases in the alloy increase 

with the temperature increasing. 

Key words: single-crystal nickel-based superalloy; X-ray diffraction analysis; lattice parameter; misfit 
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