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Microstructural evolution and deformation mechanism during
creep of AL,O3-SiO;n/AZ91D composite

TIAN Jun, SHI Zi-qiong, ZHONG Shou-yan, LIAO Zi-long

(School of Mechanical Engineering, Dongguan University of Technology, Dongguan 523808, China)

Abstract: The tensile creep tests were conducted on Al,O3-SiOx/AZ91D composite and an unreinforced AZ91D matrix
alloys in the temperature range of 473—573 K and stress range of 30—100 MPa. By scanning electron microscopy and
transmission electron microscopy, the microstructural effects on the creep behavior of the two materials were discussed.
The results show at a true stress exponent of n=3 for the two materials, and creep rate is affected by the viscosity slip
control of the dislocation. The creep resistance of the reinforced material is shown to be considerably improved compared
with that of the matrix alloy. The creep strengthening arises mainly from the increase of threshold stress of the composite
and the effective load transfer between plastic flow in the matrix and the fibers. The MgO protective layer on the surface
of short fibers can increase carrying and transferring of loads of the short fibers. The presence of short fibers can hinder
the creep deformation of the composite, reduce the creep deformation rate, and control the whole creep deformation
process.
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Fig. 1 Creep curves of AZ91D magnesium alloys at 473 K
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Fig. 2 Creep curves of 25%Al,03-SiOy/AZ91D composites
at 473 K and different loads
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Table 1 Creep threshold stress values of AZ91D alloy and
25%Al1,03-Si0y/ AZ91D composite

Material Temperature/K Threshold
stress/MPa

473 41

AZ91D alloy 523 33

573 31

473 53

25%Al1,03-SiOy/AZ91D 523 49

573 39
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Fig. 4 Microstructures of AZ91D matrix alloy (a) and
25%Al,03-Si041/AZ91D composite (b)
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Fig. 5 TEM image of AZ91D matrix alloy after creep at 473
K and 60 MPa
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Fig. 6 TEM image of 25%Al,03-SiO5n/AZ91D composite
after creep at 473 K and 100 MPa
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Fig. 7 SEM image showing creep fractography of aluminum
silicate short fibers at 573 K and 60 MPa
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AZ91D in axial direction at 473 K and 70 MPa
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