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Abstract: MgAl,0, particle-reinforced AC4C based alloy composites were fabricated by the stirring—casting method. The effects of
the average sizes and the size distributions of MgAl,O, particles on the dispersibility were investigated, and the microstructures,
strength, and fatigue properties of MgAl,O, particle-reinforced AC4C based alloy composites were evaluated. Tensile strength in the
MgAl,0, particle-reinforced AC4C based alloy composite was increased by using the classified particles. The fatigue limit at 10’
cycles in the MgAL,O, particle-reinforced AC4C-Cu composite increased by 27% compared to the unreinforced alloy at 250 °C.
Dislocations were observed in the matrix around the MgAl,O, particle which resulted from the mismatch of thermal expansion
coefficients between MgAl,0, and Al, and resisted failure and caused fatigue cracks to propagate around the MgAl,O, particles,
resulting in extensive crack deflection and crack bowing, which contributed to the improvement of fatigue strength.
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1 Introduction

Because ceramic particle-reinforced aluminum
matrix composite has excellent strength at elevated
temperatures, high specific modulus and wear resistance,

it is promising for automobile and aerospace applications.

Among the ceramic particles, SiC and Al,Os particles are
mostly used in particle-reinforced aluminum composites,
and the stirring-casting method is the most inexpensive
process for fabricating the composites. However, SiC
particles can react with Al to generate Al4C; particles on
the surfaces even in solid state when no Si is present
originally in the Al alloy [1-4]. To avoid reaction
between SiC and the molten aluminum alloy, the
concentration of Si in the alloy must be higher than a
certain critical value [4]. Moreover, when the Al,Oj
particles are incorporating into the Mg-containing molten
aluminum alloy, magnesium aluminate spinel (MgAl,0O,)
particles generate on the surfaces of ALO; particles
[5—7]. In general, in order to improve the dispersibility
and wettability of SiC particles with the molten
aluminum, the oxidation treatment of SiC particles at a
temperature higher than 900 °C is required to form a thin

layer of SiO, amorphous on the surfaces of SiC particles.
The thin amorphous SiO, layer can react with Mg and Al
to generate the MgAl,O, particles on the surfaces of SiC
particles when the oxidized SiC particles are dispersed
into the Mg-containing molten aluminum alloy [8—10].
The reaction between the aluminum alloy and the
particles becomes violent when the Mg-containing
molten aluminum alloy is held at a high temperature
status for a long period of time, and Mg content is
gradually consumed during the reaction. In the aluminum
alloys, because Mg contributes to the generation of
Mg,Si resulting in the improvement of the strength, the
decrease in the content of Mg can cause decreased
strength. However, controlling the content of Mg in
aluminum alloys is very difficult due to the reaction
between the particles and molten aluminum alloys for
SiC and ALO; particles reinforced Mg-containing
aluminum alloys. In order to prevent violent reaction, the
temperature of the molten aluminum alloy dispersed with
Al,O; particles or SiC particles is required not to exceed
750 °C. Therefore, ceramic particles which can be
chemically stable dispersed in molten aluminum alloys
even at high temperatures are desired.

In view of the above, MgAl,O, particles have been
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used as reinforcement in the present study due to
MgAL,O, being the final reaction product for above
mentioned reaction. The MgAl,O, particles do not react
with Mg-containing molten aluminum alloy and can be
present in the molten aluminum alloy stably. MgAl,O4
particle reinforced AC4C based alloy composites were
prepared by the melt-stirring method, and the specimens
were cast by the gravity casting. For evaluating the
dispersibility of MgAlL,O4 particles in molten aluminum
alloys, the effects of the average sizes and the size
distributions of MgAl,O, particles were investigated.
The microstructures, strength, and fatigue properties of
MgAlL, O, particle-reinforced AC4C  based
composites were also evaluated.

alloy

2 Experimental

Two types of MgAl,O, particles were used as
reinforcements in this study, and the average particle
sizes of as-received MgAL,O, particles were 2.5 um and
12.2 um, respectively. Because the as-received MgAl,O4
particles were not classified as abrasives such as with
SiC particles, the particle sizes were distributed over a
wide range. The size distribution of as-received MgAl,0,4
particles with an average particle size of 12.2 pum is
shown in Fig. 1(a), and the particle sizes distribute in a
range of 0.4-90 um. Due to the dispersion of fine
particles to molten aluminum alloy being very difficult,
the as-received MgAl,O, particles with an average size
of 12.2 um were classified. During the classification of
MgAl,O, particles, the particles with a size in a range of
5-25 pm were collected. The size distribution of
classified MgAl,O, particles is shown in Fig. 1(b), and
the average particle size is 9.6 pm.

MgAlL,O, particle-reinforced AC4C (Al-7%Si—
0.4%Mg, mass fraction) based alloy composites were
fabricated by the melt stirring—gravity casting method.
Before the particles were added to a molten aluminum
alloy, MgAlL,O, particles were preheated at 1000 °C to
remove the moisture adhered to the particles, and 0.3%
of magnesium was added to AC4C alloy (defined as
AC4C-Mg:Al-7%Si—0.7%Mg) to  improve the
dispersibility of MgAl,O, particles. For evaluating the
effect of composition of the matrix alloy on the
mechanical properties of the composite, 1% copper was
added to AC4C-Mg alloy (defined as AC4C—Cu:
Al-7%S1—0.6%Mg—1%Cu). 10% heat-treated MgAl,04
particle was then added into the molten AC4C—Mg and
AC4C—Cu alloys through the vortex. Finally, the melt
was poured into a mould with dimensions of 200 mm x
40 mm x 30 mm. After solidification, the resulting
composites were removed from the mould and subjected
to a T6 heat-treatment. The microstructures of
the obtained composites were characterized by optical
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Fig. 1 Particle distributions: (a) As-received particles with
average size of 12.2 pm; (b) Classified particles with average
size of 9.6 pm

microscopy and transmission electron microscopy
(TEM). For optical observations, the heat-treated
materials were cut and polished. TEM specimens were
prepared by cutting, mechanical grinding, dimpling, and
ion thinning. For measuring the tensile strength, the
materials were machined to tensile strength specimens
with a gauge length of 30 mm and a diameter of 6 mm.
The tensile strength tests were conducted at room
temperature, and the displacement rate was 2 mm/min.
The fatigue tests were conducted under load control
using a rotation bending fatigue machine at room
temperature and 250 °C. The frequency of sinusoidal
waves was 50 Hz with a stress ratio of —1. The
specimens for fatigue tests had a gauge length of 10 mm
and a diameter of 8 mm. Fatigue tests were terminated at
complete separation of the specimen or after 107 cycles
were accumulated. Tensile and fatigue data of the
composites were compared with the data of
un-reinforced matrix alloy. The fracture surfaces of
fatigue specimens were observed by an optical
microscope and scanning electronic microscope (SEM).



Tateoki [IZUKA, et al/Trans. Nonferrous Met. Soc. China 24(2014) 2337-2345 2339

3 Results and discussion

3.1 Effect of particle size and distribution on

dispersibility

The microstructures of MgAlL,O4 particles-
reinforced AC4C based alloy composites are shown in
Fig. 2. When the average particle size of MgAl,O4 was
2.5 um, particle agglomeration occurred during the
dispersion process, and a lot of defects caused by the
agglomeration were present in the composite. When the
average particle size was 12.2 um and particles were not
classified (Fig. 2(b)), the coarse particles and the fine
particles co-existed in the composite. The fine particles
were aggregated in places, and many of fine particles
gathered in the vicinity of the coarse particles. It was
found that the particle agglomerations became intense
when the particle size was below 3 pm, but the particles
were individually dispersed gradually when particle size
was 3 pm and above. When the particle size reached
more than 5 pum, almost no particle agglomeration
existed in the composite. Therefore, in order to improve
the dispersibility of the particles and the strength of
composite, the as-received MgAl,O, particles with an
average particle size of 12.2 pum were classified by
excluding the fine particles and the coarse particles, and
the particles with a size in a range of 5-25 pm were
collected and used for fabricating the composite.

Figures 2(c) and 2(d) show the microstructures of the
classified MgAlL,O4 particle reinforced AC4C—Cu alloy
composite. The classified particles were uniformly
distributed in the matrix, and the agglomerations of the
particles were not observed.

3.2 Microstructures

Because AC4C—Mg and AC4C—Cu alloys are the
Al-Si based hypoeutectic aluminum alloys, the main
phases of MgAL,O,p/AC4C—Mg and MgAl,O4p/AC4C—
Cu composites are primary a(Al), eutectic structures and
MgAlO, particles as shown in Fig. 2. Primary a(Al)
phases grew up as the dendrite, and the MgAl,O,
particles were distributed in the eutectic regions of the
grain boundaries of primary a(Al) phases. However, the
MgAlLO, particles showed a strong tendency to
accumulate in clusters which existed in the last stage of
solidification while the size of the particles was below 3
pum as shown in Fig. 2(a). Si phases were seen apparently
in the eutectic regions, and some Si phases emerged from
the surfaces of the MgAl,Oy particles.

Figure 3 shows the TEM micrographs of the
classified  MgAlL,O4/AC4C—Cu  composite.  The
MgAl,O, particle exhibited perfect interface with the Al
matrix, and the MgAl,04/Al interface was clean and free
of secondary phases. The natural surface of MgAl,O,4
particle was (111) plane with a lattice-fringe spacing
of 0.47 nm. Because the MgAl,0, particles were

10pm

Fig. 2 Optical micrographs of MgAl,0,,/AC4C based alloy composites: (a) As-received particles (average size of 2.5 um)/

AC4C—Mg composite; (b) As-received particles (average size of 12.2 pm)/AC4C-Mg composite; (c), (d) Classified particles

(average size of 9.6 um)/AC4C—Cu composite
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3

Fig. 3 TEM images of MgAl,0,,/ AC4C—Cu composite

manufactured by crushing larger particles to an average
particle size, the particle seemed to have a tendency to
fracture along (111) planes. The (113) plane of Al is
parallel to the (111) plane of MgAl,Oy4, but it is not a
perfect parallel and there is an angle of about 3° between
them. The angle between (1T3) plane of MgAl,0O,4 and
the interface was about 59°, and the angle between the
(111) plane of Al and the interface was about 56°.
Because the mismatch between the (1T3) plane spacing
of MgAl,0, and (111) plane spacing of Al is 4.1%, it is
considered that the growth of Al on the (111) plane of
MgAl,O, with a cube-on-cube orientation relationship is
difficult. However, the mismatch was reduced to about
0.38% due to the (111) plane of Al being shifted about 3°
against the interface, and the good lattice matching
between the two phases at the interface occurred. Some
dislocations were observed in the matrix around the
particle resulting from the mismatch of thermal
expansion coefficients between MgAl,O4 and Al. The
density of dislocation was high near the interface, but
was lowered while away from the particle.

When the oxidized SiC particles and Al,O5 particles
were incorporated into Mg-containing aluminum alloy,
the MgAL,O,4 generated from the following two possible
reactions [5—10]:

28i0,+2A1+Mg—>MgALO,+2Si (1)
3Mg+4A1,05—>2A1+3MgALO, )

For the oxidized SiC particles, because the thin SiO,
layer was formed on the surface of SiC particles by
oxidation at high temperatures, the reaction between the
oxidized SiC particle and AlI-Mg was considered to be
Eq. (1). According to Egs. (1) and (2), MgAl,O, particles
were formed on the surfaces of SiC and Al,O; particles.
Therefore, the microstructures of SiC—MgAl,0,—Al and
ALO;—MgAl,0O4,—Al would generate in some places on
the surfaces of the particles. In addition, when the
reactions were intense, a thin layer of MgAl,O4 would be
formed on the surfaces of SiC and Al,O; particles, and
SiC and Al,O; particles were not directly formed at the
interfaces with Al on the whole surfaces of the particles.
Therefore, the interfaces of SiC—ig \—MgALO,—~
im-a—Al and AL Os;—igo0-M—MgALO4—iy-a—Al  were
formed in the composites, where, is\ are ino-vm are the
interfaces between the reinforcement particles and
MgAlL,O, layer, and iy-a; is the interface between the
MgAl, O, layer and Al. The layer or particles of MgAl,O,4
grew in-situ on the surface of the reinforcement particles,
and the bonding strengths at the interfaces of is_y and
iaxo-m were strong. Therefore, it is obviously that
interface between the MgAL,O, and Al (iy-4)) is the most
important factor for oxidized SiC and Al,O; particles-
reinforced Mg-containing aluminum alloy composites. In
the present study, the interface between the MgAl,O,
particle and Al was formed directly during the
solidification, and it was thought that the bonding
strength was strong due to the good lattice matching
between the two phases at the interface.

3.3 Tensile strength and fatigue properties

The ultimate tensile strengths of the AC4C based
alloys and the MgAl,O, particle-reinforced AC4C based
alloy composites after heat treatment at T6 are shown in
Table 1. When the average particle size was 2.5 pm
(referred as fine particle), due to the agglomeration of the
particles during the fabrication process, the tensile
strength of the composite was lower than that of the
matrix alloy, and was 285 MPa. By observing the
fracture surfaces of the composite, it was found that the
fracture origins of the fine particle-reinforced composite
were the flaws caused by the agglomeration of particles.
When using the non-classified particles with an average
particle size of 12,5 um as reinforcement, the
dispersibility of the particles was improved compared
with the fine particles, but the tensile strength was about
the same as the strength of the matrix alloy. On the other
hand, when using the classified particles with an average
particle size of 9.6 pum, the tensile strengths of
MgAlL0,,/AC4C-Mg and MgAl,04,/AC4C—Cu
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composites were 376 MPa and 383 MPa, and were about
5.5% and 3.5% higher than those of matrix alloys,
respectively. By excluding the particles with a size below
5 pm via classification process of the particles, the
dispersion of the particles was improved, and the tensile
strength of the aluminum alloy was increased by
incorporating the classified particles into matrix alloys.

Table 1 Tensile strength of aluminum alloys and composites

Materials P.article Tensile
size/um  strength/MPa

AC4C-Mg 348

AC4C—Cu 370
MgAlL,0,4,/AC4C-Mg 2.5 285
MgALOy,-/ACAC-Mg 12.2 349
MgALOy,-/AC4C-Mg 9.6 367
MgALOy,-/AC4AC—Cu 9.6 383

Usually, the particle-reinforced composites were
fabricated by the stirring—casting method or the powder
metallurgy method combined with a secondary process
such as forging, extrusion or rolling, and it is found that
the tensile strength of the composite increases with
decreasing the particle size due to the fact that the
following secondary process can be used to break up the
stirring induced or the powder mixing induced
reinforcement  agglomerates, homogenizing their
distribution, and eliminating porosity when the average

size of the particles was in the range of 3—40 pm [11-13].

However, when using stirring—casting method without a
secondary process, the dispersion of the particles would
be deteriorated, and the tensile strength of the composites
would be lowered when the particle size was below a
certain critical size. The critical size of the particle is
about 5 pum in this present study, but it is considered to
be significantly influenced by the atmosphere during the
fabricating, the composition of the alloy, the addition of
the wetting element, and the fabrication conditions. By
using the classified MgAl,O4 particle, though the
compositions of the AC4C based alloys were changed,
the effects of the reinforcements on the tensile strengths
were confirmed in AC4C-Mg and AC4C—Cu alloy
composites. However, the reinforcing effect for the
AC4C—Mg alloy having a low strength was higher than
that for the AC4C—Cu alloy having a high strength as
reported elsewhere [14]. The tensile strength of the
AC4C—Mg alloy and AC4C—Cu alloy reinforced by the
addition of 10% SiC particles were higher than those of
the un-reinforced alloys by about 6.9% and 5.7%,
respectively [14]. It is obviously that reinforcing effect of
the MgAl,O, particle is slightly lower than that of SiC
particle. Previously, it was proposed that the
strengthening of Al alloys due to the addition of the

ceramic particle reinforcements occurred as the results of
the presence reinforcement/matrix
interfaces, the formation of complex, high density
dislocation  structures in interfacial areas, the
development of inter stresses in matrix, and accelerated
precipitation kinetics [15-17]. The generation of
dislocation was due to a difference in thermal coefficient
of expansion between the matrix and the reinforcement
particle. Because the thermal expansion coefficient of
MgAl,O, particle is greater than that of SiC particle, it is
thought that the formation of the plastic zone containing
high density dislocation in the matrix around the particle
was disadvantageous for MgAl,O, particle, and then the
reinforcing effect of MgAl,O4 particle was lower than
that of the SiC particle.

Cyclic stress amplitude versus the number of cycles
to failure at room temperature is shown in Fig. 4. Arrows
shown in the figure indicate that the specimens were not
broken from the fatigue tests after 107 cycles. The fatigue
life of the composite was longer than that of the
unreinforced alloy. However, the fatigue life of the
composite at high stresses converged with un-reinforced
alloy. The fatigue limits at 10" cycles for unreinforced
AC4C—Cu alloy and MgALO,,/AC4C—Cu composite
were 120 MPa and 135 MPa, respectively. The fatigue
strength for the composite increases by 12.5% compared
to that for alloy. The optical micrographs of the fracture
surface of AC4C—Cu alloy and MgALO,,/AC4C—Cu
composite fatigued at stress amplitude of 150 MPa at
room temperature are shown in Fig. 5. The fatigue
surfaces display the origin of fatigue crack, the region of
fatigue crack propagation, and the region of fast fracture.
The origins of fatigue cracks were near the surface of
specimen. The area of the region of fatigue crack
propagation in AC4C—Cu alloy was lager and the surface
was greatly undulated. Compared with the fracture
surface of AC4C—Cu alloy, the area of the region of
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Fig. 4 Stress amplitude versus number of cycles to failure for

fatigue of AC4C—Cu alloy and MgA1,0,,/AC4C—Cu composite

at room temperature
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fatigue crack propagation in MgAl,O4,/AC4C—Cu
composite was small and the surface was relatively flat.
When increasing the stress amplitude, the number of
cycles to failure and the area of the region of fatigue
crack propagation decreased, and the area of the region
of the fast fracture increased. At the same stress
amplitude, because the fatigue life of the composite was
longer and the area of the region of the fatigue crack
propagation was smaller in MgAlLO4/AC4C—Cu
composite than in AC4C—Cu alloy, it is obvious that
MgAl,O, particles had qualities to obstruct the formation
and propagation of fatigue cracking.

The SEM micrographs of the fracture surfaces of
the MgAlL,O4/AC4C—Cu composite fatigued at stress
amplitude of 150 MPa and 240 MPa at room temperature
are shown in Fig. 6. The origins of fatigue cracks were
internal flaw and surface flaw, and the sizes of the flaws
were about 100 um. By observing the fracture surfaces, it

Tateoki [IZUKA, et al/Trans. Nonferrous Met. Soc. China 24(2014) 2337-2345

was found that most of the internal and surface flaws
were the particle agglomeration induced blowholes as
shown in Fig. 6. Fatigue cracks initiated and grew from
the origin, and then propagated slowly. During the
propagation of the fatigue crack, the crack would
progresses fast when the remaining area of the specimen
cannot withstand the load, and fracture catastrophically.
Fatigue striations and few MgAlL,O, particles were
observed in the region of crack propagation. Because the
number of MgAl,O, particles observed from the region
of crack propagation was much less than the amount of
the added particles, it is obvious that MgAl,O, particles
and MgAl,O,4p/Al interfaces resisted the failure causing
the fatigue cracks to propagate around the particle
resulting in extensive crack deflection. Because the
particle fracture, de-bonding at the interface and the
crack deflection around the reinforcement particles at the
region of fatigue crack propagation were influenced by

(b)

Fig. 5 Fracture surfaces of AC4C—Cu and MgAl,0,,/AC4C—Cu composite fatigued at stress amplitude of 150 MPa at room
temperature: (a) AC4C—Cu, 2.31x10° cycles; (b) MgAl,04,/AC4C—Cu, 4.82x 10° cycles

;' \ }& 0

Fig. 6 Fracture surfaces of MgAl,0,,/AC4C—Cu composite fatigued at stress amplitude of 240 MPa after 1.27x10° cycles (a), 150
MPa after 4.82x10° cycles (b—d) (same sample with Fig. 4(b)) at room temperature: (a), (b) Near origin of fatigue crack; (c) Striation
pattern in region of fatigue crack propagation; (d) Region of fast fracture
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the mismatch of the thermal coefficient of expansion
between the matrix and the reinforcement particle,
almost no SiC particles have been found from this region
due to a higher mismatch and higher particle strength in
the SiC,/AC4C—Cu composite compared with the
MgALLO4/ACAC—Cu composite [14]. Dimples were
observed from the final part of the region of crack
propagation and the region of fast fracture, and MgAl,0,4
and Si particles were observed from the bottoms of the
dimples. The micro-dimples were observed from the
surfaces of some MgAl,O, particles, indicating strong
bonding existing at the interface between the particle and
matrix. In the region of fast fracture, the number of
MgAl, O, particles observed from the fracture surface
was almost the same as the amount of the added particles,
and the particles uniformly distributed across the surface.
Examination of fracture surfaces of powder metallurgy
processed particle- reinforced composites revealed that
very few SiC particles were observed from the crack
initiation and the particle fractures increased from crack
initiation to fast fracture [18,19]. Though the
microstructures were different between the powder
metallurgy and stirring—casting processed composites,
the same phenomenon was observed in the present study.
Because MgAl,O, particles were hardly observed from
the vicinity of the fatigue crack origin and the region of
the fatigue crack propagation, it is believed that
de-bonding at the interface between matrix and particles
was not generated, fatigue crack propagation was to
avoid the MgAlL,O4 particles due to the high-density
dislocation in the matrix near the interface, and the
fatigue crack would propagate in the
preferentially. The formation of the plastic zone
contained high-density dislocation in the matrix due to a
thermal expansion mismatch between the MgAl, Oy
particle and the matrix, resisting the generation and the
propagation of the fatigue crack by crack deflection and
crack bowing, which contributed to the improvement of
fatigue strength.

At 250 °C, the fatigue limits at 107 cycles in the
unreinforced AC4C—Cu alloy and MgAlL,O,,/AC4C—Cu
composite were 55 and 70 MPa, respectively, as shown
in Fig. 7. The fatigue limit at 10’ cycles in the MgALO,,/
AC4C—Cu composite increased by 27% compared to that
for the unreinforced alloy. The strengthening effect of the
MgAl,O, particle on the fatigue strength at elevated
temperature is much higher than that at room
temperature.

The SEM micrographs of the fracture surface of the
MgALLO4/ACAC—Cu composite fatigued at stress
amplitude of 80 MPa at 250 °C are shown in Fig. 8. The
origin of fatigue crack was a surface flaw, and the size
of the flaw was about 50 um. It is found that the size of
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Fig. 7 Stress amplitude versus number of cycles to failure for
fatigue of AC4C—Cu alloy and MgAl1,0,,/AC4C—Cu composite
at 250 °C

origin of the fatigue crack was smaller at high
temperature than at room temperature, and the fatigue
crack initiated from a defect in the matrix rather than a
defect due to agglomeration of particles in some cases.
Particle fractures were not observed from the region of
crack propagation, but the fatigue striations were
observed as shown in Fig. 8. The fatigue crack initiation
sites would change from the intermetallic inclusions and
particle clusters at ambient temperature to the matrix at
elevated temperatures due to the matrix softening and the
creep at high temperature. The load transferred from the
matrix to the reinforcements was reduced with the matrix
strength, and thus the critical stress for particle fracture
was not attained [20,21]. As the fatigue crack approached
the region of the fast fracture, the fracture surface
transited from shear type to tensile type, and finally
fractured catastrophically. The morphology of the region
of the fast fracture was substantially the same as the
fracture surface fatigued at room temperature. A lot of
dimples were observed around MgAl,O, particles, and
micro-dimples were also observed from the surfaces of
some MgAlLO, particles, indicating strong bonding
existing at the interface between the particle and matrix.
The formation of the plastic zone containing high-density
dislocation in the matrix due to the thermal expansion
mismatch between the MgAl,O, particle and the matrix,
also resisted the generation and the propagation of the
fatigue crack by the crack deflection and crack bowing,
which contributed to the improvement of fatigue strength
at elevated temperatures. It was reported that the fatigue
failure of the composite was believed to be caused by a
mechanism of nucleation, growth and coalescence of
voids in the matrix around the reinforcements at elevated
temperatures, and the cavitation damage was dominated
by a diffusion-controlled process [20—-23]. Because the
reinforcing effect of MgAl,O4 particles on the fatigue life
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Fig. 8 Fracture surfaces of MgAl,0,,/AC4C—Cu composite fatigued at stress amplitude of 80 MPa after 4.6x10° cycles at 250 °C: (a)
Optical micrograph; (b) Near origin of fatigue crack; (c) Striation pattern in region of fatigue crack propagation; (d) Region of fast

fracture

at elevated temperatures was almost the same as that of
SiC particles, it is considered that the resistance to the
matrix softening, the generation of voids, and the creep
in the matrix by the particles played more important role
in the reinforcing effect of particles at elevated
temperatures compared with the formation of high-
density dislocation due to the thermal expansion
mismatching between the particle and the matrix at room
temperature.

4 Conclusions

1) MgAlL,O4 particle reinforced AC4C based alloy
composites were fabricated by the stirring—casting
method. In order to improve the dispersibility of the
particles, the as-received MgAlL,O4 particles were
classified, and the particles with a size in range of 5-25

um were collected and used for fabricating the composite.

The classified particles were uniformly distributed in the
matrix, and the tensile strength of composite increased
by using the classified particles.

2) Dislocations were observed in the matrix around
the MgAl,Oy particle resulting from the mismatch of
thermal expansion coefficients between MgAl,O4 and Al,
and a strong bonding existed at the interface between the
MgAl,O,4 particle and matrix due to the good lattice
matching between the two phases.

3) The fatigue limits of MgAl,04,/AC4C—Cu
composite at room temperature and 250 °C after 10’
cycles were 135 MPa, and 70 MPa, and increased by
12.5%, and 27% compared the that of the un-reinforced
alloy, respectively.

4) The high strength of MgAl,Oy4 particle and the
MgAl,04/Al interface, and the formation of the plastic
zone containing high-density dislocation in the matrix
due to the thermal expansion mismatch between the
MgAlLO, particle and the matrix, resisted failure by
fatigue cracks to propagate around the MgAl,O, particle,
resulting in extensive crack deflection and crack bowing,
which contributed to the improvement of fatigue strength
at room temperature. But the resistance to the matrix
softening, the generation of voids, and the creep in the
matrix by the particles played the most important role in
the reinforcing effect of particles at elevated
temperatures.
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