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Effect of mechanical vibration on microstructure and
mechanical properties of lost foam casting magnesium alloy
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Abstract: The effects of mechanical vibration on the microstructure and mechanical properties of AZ91 magnesium
alloy were investigated via lost foam casting (LFC). The refining microstructure mechanism of the casting alloy
under vibration force was also analyzed. The results show that mechanical vibration can produce finer dendrite in
AZ91 alloy. The microstructure of AZ91 alloy via LFC consists of dominant Mg and BMgi7Ali2 as well as a new
phase AlisMni2 which is different from AlzxMn2s in the untreated AZ91 alloy via LFC. The mechanical vibration can
also strongly improve the mechanical properties of AZ91 alloy. The value of tensile strength of AZ91 alloy produced
under vibration force of 1. 5kN is increased by 27% compared to that under vibration force of 0 kN and the mechani-
cal properties is ultimate. However, the strength of AZ91 alloy drops due to the presence of the microporosity in the
casting when the vibration force is increased. M echanical vibration produces finer dendrite by increasing the under-

cooling degree, breaking dendrite into pieces by shear stress and melting the secondary dendrite arm.
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Table 1 Chemical composition of

AZ91 alloy ( mass fraction, %)

Al Zn Mn Si Fe
9.207 0. 628 0.291 0. 045 0. 004
Cu Ni Be Mg
0. 003 0. 001 0. 001 Bal.
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Fig. 1 Microstructures of AZ91 alloy via LFC under different vibration force
(8) =0 kN; (b) —1 kN; (¢) —2 kN; (d) —2. 5 kN
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R2 K2 PFHRE MR (R, %)
Table 2 Analyzed chemical composition of phases of AZ91 alloy shown in Fig. 2 (mole fraction, %)

Treatment state Phase Mg Al Zn Mn Fe Si
M atrix 96. 19 3.51 0. 30
M odification with C2Cls MgirAliz 63.39 34. 58 2.03
Al2Mnas 4.70 52.65 0.16 41.06 0. 62 0.81
M atrix 96. 25 3.53 0.22
M"‘“haniz"ilNVif}:if”“ with MgrrAliz 64.71 32.83 2.46
AlisMni2 51.57 48.29 0.14
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Phases of As-cast AZ91 alloy via LFC

under different vibration forces
(a) —0kN; (b) —2 kN

Fig. 2
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Table 3 M echanical properties of as-cast AZ91 alloy by different treatment states via LFC

Treatment state 3.2/ 9,/ Iy Hardness, Impact toughness/
MPa MPa % HB (J* mm~2)
M odification with C2Cle 101. 49 156. 43 2.36 54.5 6.8
Vibration with 0 kN force 99. 31 130. 11 1.95 53.5 4.3
Vibration with 0.5 kN force 101. 55 146. 34 2.53 54.5 5.5
Vibration with 1 kN force 102. 80 156. 89 2.61 55.0 5.7
Vibration with 1. 5 kN force 104. 62 165. 61 2.88 54.3 9.8
Vibration with 2 kN force 103. 12 165. 45 2.76 55.0 10.2
Vibration with 2. 5 kN force 101. 77 159. 87 2.45 54.5 8.8
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Fig. 3 Microstructures in different parts of

AZ91 alloy specimen with 2.5 kN vibration force
(a) —Center; (b) —Margin
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Fig. 4 SEM fractographs of AZ91 alloy via LFC

under different vibration forces
(a) —0kN; (b) —2kN
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