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ABSTRACT

The fatigue behaviors of mechanically alloyed Al-4Mg alloys dispersed with either Al,0; or MgAlO, oxide
particles were investigated. This study maily concerned with the role of coherency of dispersed particles with
the matrix on the fatigue behavior of the alloys. The MgALO, which has a spinel structure with the lattice
parameter of exactly the twice of Al showed the habit relation with the matrix.

The mechanically alloyed Al-4Mg alloys showed stable stress responses with fatigue cycles from start to
failure regafdless of strain amplitudes and of existence of dispersoids. The Al-4Mg alloy dispersed with MgAl,
O, showed not only the better static mechanical properties but also the better low cycle fatigue resistance than
that with Al,O;, i.e., much higher plastic strain energy dissipated to failure, at low strain amplitude. However,
this alloy showed inferior fatigue resistance to that dispersed with ALQO; or that without dispersion at high
strain amplitude.

These results imply that MgAl,O, may promote lowering the stacking fault energy of the alloy inherited
from the coherency with the matrix so that dislocations shuttle back and forth on the same slip plane without

cross slipping to other planes during fatigue at low strain amplitude resulting in long fatigue life.
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Table 1. Raw materials used In mechanical

alloying
Powder size Punity
Al -140/+200 mesh 99.6%
Mg —40/+70 mesh 99.8%
MgALO, 8.22um 99.9%
ALO; 10.45.m 99.0%
PCA CH,0H
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Fig.2. TEM micrographs of as extruded mechanic
ally alloyed alloys
a) A0, b) A3, ¢) M3
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Table 2. Mechanical properties of as extruded
alloys

As Extruded

Y.S | UTS | Elongation Hrs | density
MPa | MPa %
A0 600 662 4.2 80 2.63
A3 | 607 | 672 4.0 85 2.65
M3 | 617 | 699 43 88 2.65
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Table 3. Tensile properties of metal matrix
composite (Duralcan)'”.

Y.S uTS ‘Elongation
(MPa) |(MPa) (%)
20140% AlO, 414 482 13.0
2014-10% ALO, 482 517 3.3
2014-15% A0, 475 502 2.3
2014-20% AlO, 482 502 0.9
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Fig.4. Stress responses of mechanically alloyed
alloys at constant strain amplitudes
a) &kt/2=0.5%, b) &t/2=1.0%
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Fig.5. TEM micrographs of A0 and M3 after
fatigue
a) A0, b) M3
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Table 4. Total cyclic plastic strain energy dissi-
pated to failure

total energy(J/m?)
designation Jet/2=0.5% det/2=1.0%
A0 2.42x10* 7.48 x 10%
A3 3.06 x 10% 2.67 x10%
M3 3.44 x10° 1.83x10*
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