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Effect of precipitates on creep behaviors of Al-Cu-Mg alloy
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Abstract: Alloys at four different heat treatment states (T4, underaged, peakaged and overaged) were prepared, and their
creep behaviors under the conditions of 150 ‘C, 225 MPa and 200 C, 200 MPa were studied through constant-stress
tensile creep experiments and microstructure observations. The results indicate that, when crept at 150 °C, the
deformation of alloys mainly depends on the dislocation slip within the grains. The pinning effect of dispersed tiny
precipitates and solutes on the dislocations can decrease the creep rate of alloys effectively. All four alloys experience a
long term steady creep stage and the peakaged state alloy possesses the lowest creep rate. When crept at 200 °C, the main
deformation of alloys switches to grain boundary (GB) sliding. Precipitate-free zones (PFZs) form in the peakaged and
overaged state alloys during creeping, which increases the creep rate of alloys remarkably and disappears the steady creep
stage of these alloys. The underaged state alloy possesses the lowest creep rate at this creep condition.
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Fig. 1 Age hardening curve of Al-Cu-Mg alloy aged at 190 ‘C
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Table 1 Room temperature tensile properties of Al-Cu-Mg

alloy at different heat treatment states

Alloy state 09,/MPa o/MPa 0/%

T4 3242 452.4 26.3
Underaged 364.6 482.4 20.1
Peakaged 408.4 511.6 15.6
Overaged 368.4 486.4 18.5
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Fig. 2 Creep strain—creep time curves of four heat treatment
state alloys under different creep conditions: (a) (150 C, 225
MPa); (b) (200 °‘C, 200 MPa)
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Fig. 3 Optical images of T4(a) and underaged alloys(b) at different heat treatment states when being crept at 150 C and 225 MPa

and schematic diagram of extrusions and intrusions on specimen surface(c)
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Fig. 4 Optical images of overaged(a) and underaged alloys(b) at different heat treatment states when being crept at 200 ‘C and

200 MPa and schematic diagram of poles caused by GB sliding(c)
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Fig. 5 Fracture surface morphologies of overaged alloy crept under different conditions: (a) (150 C, 225 MPa); (b) (200 C,
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Fig. 6 TEM images of alloy at different heat treatment states viewed along (100) 4, zone axis: (a) T4; (b) Underaged; (c) Peakaged,
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Fig. 7 SADPs and simulated SADP of alloys at different heat treatment states viewed along (100),, zone axis: (a) SADP,
underaged; (b) Simulated SADP, underaged; (c) SADP, peakaged; (d) Simulated SADP, peakaged
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Fig. 8 TEM images of alloys at different heat treatment states crept at 150 ‘C and 225 MPa viewed along (100)4, zone axis: (a) T4;
(b) Underaged; (c) Peakaged; (d) Overaged
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Fig. 9 TEM images of alloys at different heat treatment states crept at 200 ‘C and 200 MPa viewed along <100>,; zone axis:
(a) T4; (b) Underaged; (c) Peakaged; (d) Overaged
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