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Table 1 Nominal composition of DD6 alloy (/%)

C Cr Co Mo W Ta Re Nb Al Hf Ni

0.006 43 90 20 80 75 20 05 56 0.1 Bal
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Table 2 Scheme of simulated over-temperature

Heat treatment code Heat treatment procedure

A Standard heat treatment

B Standard heat treatment+1200 C/1 h, AC

C Standard heat treatment+1200 ‘C/50 MPa/
1 h, AC
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Fig.1 Microstructures of DD6 alloy after different heat treatment procedure: (a) A procedure, (b) B procedure, and (c) C procedure
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Fig.2 Cycles to failure of DD6 alloy at 800 ‘C as a function of

stress amplitude for different heat treatment procedure
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Table 3 Equation of S-N function of DD6 alloy after different
heat treatment

Heat treatment code Equation
A log N =16.618—-4.61961log(S —300.6)
B log N =16.381-4.60231og(S —290.4)
C log N =16.998—4.770910g(S —295.0)
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Fig.3 Fracture surfaces of DD6 alloy after A heat treatment
procedure: (a) 0,=440 MPa, Ne=1.93x10° and (b) 0,=700
MPa, N;=3.62x10°
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Fig.4 Crack initiation at microporosity of surface
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Fig.5 Cross-section morphology of a failed specimen
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Fig.6 River pattern and fatigue striations on fracture surfaces

(0,=700 MPa, N;=3.62x10")
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Fig.7 Step-like feature on fracture surface: (a) A procedure, o,=
440 MPa, Ny =1.93x10% (b) B procedure, 0,=460 MPa, N;
=9.07x10°; (c) C procedure, 6,=500 MPa, N;=9.29x10°
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Fig.8 Microstructures of longitudinal sections near the fracture surface of fatigue-ruptured specimens: (a) A procedure, 0,=540 MPa, Ny

=6.97x10%; (b) B procedure, 0,=540 MPa, N; =2.33x10°; (c) C procedure, 6,=540 MPa, N;=4.88x10°
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Effect of Over-Temperature on Microstructure and High Cycle Fatigue
Properties of DD6 Single Crystal Superalloy

Xie Hongji, Li Jiarong, Han Mei, Yu Jian, Yang Liang, Yue Xiaodai
(Science and Technology on Advanced High Temperature Structural Materials Laboratory,

Beijing Institute of Aeronautical Materials, Beijing 100095, China)

Abstract: In order to study the effect of the over-temperature on the microstructure and high cycle fatigue properties of DD6 single crystal
superalloy, the alloy after standard heat treatment was held at 1200 °C and 1200 °C/50 MPa for 1 h, which simulated different
over-temperature processes, and was then air cooled. The microstructure and high cycle fatigue properties of DD6 alloy with standard heat
treatment, 1200 °C/1 h, 1200 °C/50 MPa/1 h at 800 °C were investigated by SEM and rotary bending fatigue testing machine, respectively.
The results show that after heat-treatment at 1200 °C for 1 h, the y’ particles become larger slightly in size and quite nonuniform, serrated
y/y" interface appears and a small number of fine secondary y'-particles precipitate in the y matrix channels. After heat-treatment at 1200
°C/50 MPa for 1 h, the y’ particles also become larger in size while also quite nonuniform; a large number of fine secondary y’ particles
precipitate in the y matrix channels which have become wider significantly and the directional coarsening of y’ particles occurs. In addition,
the rafting of the sheet-like morphology of y’ particles is formed along the [100] and [010] directions after fatigue test. The high cycle
fatigue properties of DD6 alloy by standard heat treatment are higher than those of the alloy by 1200 °C/1 h, but are similar to those of the
alloy by 1200 °C/50 MPa/l h. Analysis on fracture surfaces of three heat treatment processes at 800 °C demonstrates that quasi-cleavage
mode is observed.

Key words: single crystal superalloy; DD6; over-temperature; microstructure; high cycle fatigue property
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