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Preparation of Mg-AZ31 based composites with Ti particles by
friction stir processing
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Abstract: Mg-AZ31 based composites with 20% (volume fraction) and 40% Ti particles were fabricated by friction stir
processing (FSP). The results show that after four FSP passes the matrix structure of composite layers can be significantly
refined within 3-5 pm obviously, and the fragments of the Ti particles are about 200 nm. The Ti fragments in the
composite layer with 20% Ti particles have inhomogenous distribution and demonstrate poor tensile properties and low
elongation. However, the Ti fragments in the composite layer with 40% Ti particles have homogenous distribution and the
tensile properties of composite layer are greatly improved, and the elongation of composite layer has no obvious change
compared with that of matrix. Using the rule of mixture to predict the microhardness values of composite layers, the
results approximately match the experimental ones.
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Fig.1 SEM image(a) and XRD pattern(b) of Ti particles
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Fig.2 Schematic diagrams for FSP: (a) Inserting Ti particles; (b) Repairing surface; (c) Conducting processing; (d) Repeating

processing
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Fig.3 Optical images of Mg-AZ31/Ti composite layer after four FSP passes: (a), (b) With 20% Ti particles; (c), (d) With 40% Ti

particles
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Fig.4 SEM micrographs showing Ti particles dispersion in composite layer after four FSP passes: (a), (b) With 20% Ti particles;

(c), (d) With 40% Ti particles
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Fig.5 Microhardness distribution in Mg-AZ31/Ti composites
layer
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Fig.6 Schematic diagram for Voigt model
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Table 1 Comparison of experimental hardness and calculated
hardness in composite layers
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Table 2 Comparison of tensile properties of AZ31 alloy and
AZ31/ Ti composite layers

Material Ultimate tensile Yield strength/ Elongation/

Composite Calculated Hardness of Experimental
laver hardness, matrix* HV hardness,
4 HV ! HV
AZ31/20% Ti 75 72(dy 5 um) 78
AZ31/40% Ti 85 82(dy 3 um) 89

strength/MPa MPa %
AZ31 matrix 160 105 8
AZ31/20% Ti 155 120 15
AZ31/40% Ti 180 150 8

* Matrix hardness is calculated by equation HV=40+72d, 2%
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Fig.7 Design of tensile test sample (unit: mm)
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Fig.8 SEM images of tensile composite layer: (a) With 20%
Ti particles; (b) With 40% Ti particles
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