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Effects of heat treatment on microstructure and mechanical
properties of AZ91 magnesium alloy prepared by
friction stir processing
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Abstract: AZ91 magnesium alloy sheet was subjected to friction stir processing (FSP), and the microstructure and
mechanical properties of the experimental materials were investigated. The results show that coarse f-Mg;;Al;, networks
dissolve into the a-Mg matrix after solution treatment (ST) at 413 ‘C for 16 h. FSP results in the significant grain
refinement and the generation of equiaxed recrystallized grains. Only a few f-Mg;;Al;; phases are found at the grain
boundaries in the FSP specimen, while these phases disappear in the pre-ST+FSP specimen. Two types of precipitates, i.e.
discontinuous precipitation (DP) and continuous precipitation (CP), are found after aging treatment. The lamellar DPs are
the dominant ones at the initial aging, and the CPs form within the grains. Aging treatment can improve the
microhardness, with the maximum average value of 118.4HV (16 h). The pre-ST+FSP specimen shows excellent ductility
with an elongation of 31.5%. Succedent aging treatment can remarkably improve the tensile strength of the alloy, which
increases from 265 MPa in the FSP alloy to 340 MPa.
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Fig. 1 Dimensions(a) and position(b) of tensile specimens
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Fig. 3 Microstructures of stir zone in AZ91 magnesium alloy prepared by friction stir processing: (a) Optical microstructure of FSP;

(b) SEM image of FSP; (c) Optical microstructure of pre-ST+FSP; (d) SEM image of pre-ST+FSP
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Fig. 4 XRD patterns of AZ91 magnesium alloy: (a) Casting;
(b) Casting+pre-ST; (c) Casting+FSP; (d) Pre-ST+FSP
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Fig. 5 SEM images of pre-ST+FSP AZ91 magnesium alloy after aging for different times: (a), (b) 1.5 h; (c), (d) 9 h; (e), (f) 16 h;
(), ()24 h
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Fig. 6 Microhardness in stir zone—aging time curve of

pre-ST+FSP AZ91 magnesium alloy after aging for different

times
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Fig. 7 Microhardness distribution of AZ91 magnesium alloy

under different processing conditions
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Fig. 8 Tensile properties of AZ91 magnesium alloy under

as-cast and different processing conditions
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Fig. 9 Fracture surface morphologies of

AZ91 magnesium alloy tensile specimens
under casting and different processing
conditions: (a) Casting; (b) FSP; (c¢) FSP+
aging; (d) Pre-ST+FSP; (e) Pre-ST+FSP+
aging
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