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Abstract 

 

In this review paper, the creep behavior of Nickel-base single crystal superalloy is studied, the aim of the study is creep behavior 

of Nickel-base single crystal superalloy, there are two different type of creep behavior can be shown in the creep curve. The 

primary creep is characterized by the high amplitude at test conditions of (760˚C, 600 M Pa) and (850˚C, 550M Pa) the primary 

creep strain is limited at (980˚C, 250 M Pa)  (1100˚C 140M Pa) and  (1120˚C, 120M Pa).  The microstructure evolution of γ 

phase, TPC phase and dislocation characteristic after creep rupture was studied by SEM and TPC. The γ/γ microstructure of 

crystals in the BSE image, the bright area is γ matrix and the dark area is the γ′ phase. 
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_______________________________________________________________________________________________________ 

I. INTRODUCTION 

Nickel-base super alloy single crystals have superior mechanical properties at elevated temperature, which make them the most 

suitable material for the manufacture of turbine blades in aero engine [1-4]. The purpose of the investigation is promoting the 

development of new generation single crystal super alloy with high creep properties [5]. The single crystal super alloy with 

various composition display different creep behavior, Nickel-base single crystal superalloy after two step again were studied. 

First one are high amplitude of primary creep strain and second one are quite long. [6] which are compare cubical γ’ precipitates, 

microstructure of the single crystal after standard heat treatment. Although a large amount of investigations have demonstrated 

the creep behavior of nickel based single crystal superalloys only at intermediate temperatures or at high temperature [6-9]. 

II. CREEP BEHAVIOR 

The creep curves of the nickel-based single crystal superalloy at different test condition are shown in Fig.1. It is two different 

types of creep behavior can be shown by the creep curves. 

 The first one is characterized by the high amplitude of primary creep strain At (760˚C, 600 M Pa) and (850˚C, 550 M 

Pa). 

 The primary creep stage amplitude is dramatically smaller at(980˚C,250 M Pa),(1100˚C,140 M Pa) and (1120˚C,120 M 

Pa) [5] 
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III. Γ/Γ′ MICROSTRUCTURE 

The γ/γ′ microstructure in a Ni-based superalloy is similar to a composite material with two phases, γ and γ_. The γ-phase works 

as matrix and the L12-ordered γ_-precipitates as strengtheners [10]. Superalloys containing the L12-ordered γ_-precipitates 

surrounded by a γ-matrix, show better mechanical properties than either of the γ- or γ_-components themselves [11]. Figure.2 

shows a typical Ni-based superalloy microstructure with the cuboidal γ_-precipitates surrounded by the γ-matrix. 

 
Fig 2: Scanning electron micrograph of typical Ni-based superalloy microstructure Cuboidal γ_-precipitates surrounded by a γ-matrix [11] 
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 As grown γ/γ′ microstructure A.

The microstructures of the as-grown crystal are shown in Fig.3.The light gray areas are the dendrite cores (arrow B) and the 

darker areas (arrow C) are the interdendritic regions. The γ/γ microstructure in the dendrite cores Fig.3 (a) and in the 

interdendritic region Fig.3 (b) are almost the same.[8] 

   
Fig.3 BSE micrographs of as-grown crystals: (a) Low magnification image showing weak dendrite pattern (boundary of dendrite is sketched by 

dotted lines); (b) γ/γ′ microstructure in dendrite cores; (c) γ/γ′ microstructure in interdendritic regions. [8] 

 microstructure after heat treatment B.

The microstructure of the single crystal superalloy after standard heat treatment. It can be seen that the primary γ and γ/γ’ 

eutectic dissolve after high temperature solution treatment. The cubical γ’ phase is arranged along {100} direction (Fig.4). [8] 

 

 
Fig 4 BSE micrographs of γ/γ′ microstructures after the first-step (a) and the second-step aging for 25 h (b), 35 h (c) and 40 h 

(d)(Bright area is γ matrix and dark area is γ′ phase)[8] 

IV. CONCLUSIONS 

(1) The size of the cuboidal γ′ precipitates’ first increase and the decrease with the extension of the second-step aging time. 

(2) Two different types of creep behavior can be shown in the creep curves. The primary creep was characterized by high 

amplitude at (760 °C, 600 M Pa) and (850 °C, 550 M Pa), and the primary creep strain is limited at test conditions of 

(980 °C, 250 M Pa), (1100 °C, 140 M Pa) and (1120 °C, 120 M Pa). 

(3) The as-grown microstructures of the crystal are rather uniform; both cuboidal and spherical γ′ precipitates are formed 

after a two stage aging.  

(4) The size of the cuboidal γ′ precipitates first increases and then decreases with the extension of the Second step aging 

time. 
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