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In situ Mg, Si particles often show coarse and irregular morphologies in Al-matrix compos-
ites, which results in inhomogeneous microstructures and poor mechanical properties. This
leads to poor deformation ability in Mg, Si particles reinforced Al-matrix composites. Herein,
a refined process exploiting refined Mg, Si particles was developed to enhance microstruc-
ture homogeneity after hot rolling in an Al-11.73%Mg-6.63%Si composite. The hot-rolled
sheet reduces the macroscopic cracking on the edge when the Mg, Si particles of the as-cast
microstructure are refined by the addition of phosphorus. The refined Mg,Si particles in
the as-cast state shows further size reduction and exhibits homogeneous distribution by
hot rolling (reduction of 76%). The microstructure also shows uniform deformation zones,
subgrains and high-density dislocation regions via hot rolling. The homogeneous deforma-
tion microstructure results in needle-like, high-density precipitates after artificial aging and
decreases the stress concentration of load bearing, which is beneficial to the tensile prop-
erties and wear resistance of the composite. The wear behavior of the composites improves
with Mg, Si-particle refinement and microstructural homogeneity.
© 2019 The Authors. Published by Elsevier B.V. This is an open access article under the
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1. Introduction

Mg,Si can act as a reinforcing phase in Al-matrix compos-
ites due to its high hardness (4.5 x 10° Nm~2), low density
(1.99 x 103 Kgm~3), low coefficient of thermal expansion and
high elastic modules [1-6]. However, coarse and irregular
Mg, Si particles diminish the tensile properties and wear resis-
tance of the composite [7,8]. Coarse Mg,Si particles can be
refined by adding alloying elements, such as Y [9], Sb [10],
Sr [11,12], Ca [13,14] and Si [15]. These alloying elements can
transform the morphology and decrease the Mg,Si particle
size. Moreover, P can stably refine the Mg, Si particles by form-
ing the phosphide heterogeneous nucleation of primary Mg, Si
in the Al melt, where the primary Mg,Si becomes polyhedral
from its original state as irregular and dendritic. The refine-
ment and morphology change of primary Mg,Si improves
the mechanical properties of the AlI-Mg,Si composite [16,17].
However, Mg,Si particles often show agglomeration in the
Al-matrix even if the particles are refined. The inhomogene-
ity of the microstructure aggravates the stress concentration
at the load-bearing particles and decreases the mechanical
properties of the composite.

Extrusion and hot-rolling can lead to Mg,Si particle frag-
mentation, breaking of the eutectic network, recrystallized
microstructures, decreasing casting defects and improvement
of the particle-matrix interfaces [18-28], which can improve
the yield strength (YS), ultimate tensile strength (UTS), and
elongation (EL) of the Al-Mg,Si composite. The microstruc-
ture recrystallization can also be retarded in heavily rolled
Al-Mg,Si composites [22,23]. However, in previous works, the
primary Mg,Si particles showed a non-uniform distribution
in the Al-matrix, after the Al-Mg,Si composite was extruded.
This occurred even if the Mg,Si particles were refined before
the extrusion. Moreover, sheet formability of the Al-Mg,Si
composite is poor and macro-cracking often shows in the
hot-rolled composite. The macro-cracking and non-uniform
distribution of Mg, Si particles in the sheet is detrimental to
the mechanical properties and application of the composite.
In this study, the combination of P refinement and multi-pass
hot rolling can improve the homogeneity of Mg,Si distribu-
tion, which can also improve the formability of the rolled sheet
and reduce the macro-cracking. The whole treatment process
shows high levels of applicability to the Al-matrix composite
sheet preparation in industry.

Tribological characterization is important for extensive
application of the particle-reinforced composites. The wear
performance of an Al-Mg,Si composite is crucial on the appli-
cation of wear-resistant material because of the presence of
rigid Mg, Si reinforced phase. Much effort has indicated that
the refinement of Mg, Si particles can improve the wear resis-
tance of the composite [29-31]. But now the hot-rolled and
T6 treated Al-Mg,Si composites need much more experimen-
tal work to study the wear performance, wear mechanism and
accumulated energy dissipation in the dry sliding process. The
T6 treatment has the potential to strengthen hot-deformed
Al-Mg,Si composites due to the precipitation strength of the
B’ phase. Therefore, the purpose of this paper is to improve the
microstructure homogeneity using P refinement, heat treat-
ment and multi-pass hot rolling. Moreover, the effects of

Table 1 - Chemical compositions (wt.%) of the prepared
A and B composites.

Mg Si P Fe Cr Ti Zn

A 11.37 6.63 0 0.02 0.02 0.01 0.03
B 11.37 6.63 0.05 0.02 0.02 0.01 0.03

Fig. 1 - Schematic showing the technological process.

microstructure homogeneity and T6 treatment on the tensile
properties and wear performance of the composite have also
been investigated.

2. Experimental procedures

The chemical compositions (wt.%) of the prepared A and
B composites are shown in Table 1. Commercially pure Al
(99.9 wt%), pure Mg (99.9 wt%), Al-50 wt.% Si and Al-4.5wt.% P
master alloys were used to prepare the A and B composites in
a 100kW intermediate frequency furnace. The raw materials
were supplied by Jiabei metals co. LTD in China. First, the Al-
50 wt.%Si alloy, pure Al, and pure Mg were melted in a graphite
crucible. Subsequently the melt was heated to 800°C and held
for 10 min. Degassing was conducted on the melt at 780°C
for 3min, following a slag-removing. Afterwards, 0.05wt.% P
was added into the melt at 760 °C. The melt was stirred about
3min to ensure proper mixing in the melt. Finally, the melt
was poured into a copper mould (25 x 100 x 200 mm) to form
an as-cast (AC) ingot.

Fig.1 shows the details of the used experimental process.
After refinement and casting, the hot rolling was performed
on the homogenized specimens (530°C for 6h). Specimens
with dimensions of 25 x 100 x 150 mm were cut from the com-
posite ingot for hot rolling (H-R). The specimens were heated
at 430°C for 30min, and then rolled to a final thickness (76%
reduction with 7 passes) followed by air cooling. The hot-rolled
sheets were subjected to T6 treatment (H-R &T6). The solution
treatment was performed at 530°C for 4h followed by water
quenching (25 °C). Artificial aging was carried on at 160 °C for
4h.

Specimens were cut from the solidified ingots and hot-
rolled sheets for microstructural observation. After etching
with 1% HF, the microstructures were observed on a Leica
DMR optical microscope. The morphologies of the eutectic
Mg,Si were examined on a Zeiss ULTRA PLUS Field Emis-
sion Scanning Electron Microscope (FE-SEM). The precipitates
in the composites was observed on a FEI TECNAI G20 type
transmission electron microscope (TEM) at a voltage of 200 kV.
ImagePro plus software was used to analyze the size of the
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Fig. 2 - XRD patterns of (a) A composite, (b) B composite.

primary Mg,Si particles. The diffraction peaks in the as-cast
alloys were examined by X-ray diffraction (XRD) with CuKq1
radiation by using PW3040/60X diffractometers.

A Vickers hardness tester produced by Wolpert Wilson
Instruments was used to measure the hardness of the speci-
mens (load: 5kg; time: 10s). Each specimen was measured at
least eight random places on the surface of the specimens.
The tensile test specimens were machined according to the
ASTM B557M standard. The tensile test was conducted on a
SHIMADZU AG-X100 kN tensile machine, with the cross head
speed of 1 mm/min. Each test was measured from eight tensile
specimens to obtain the average tensile properties.

Dry sliding conditions were performed to test the wear
resistance of the composite (at room temperature); a pin-on-
disk wear testing apparatus was used according to the ASTM
G99 standard procedure. The hardness of the counter face of
the steel disk is 60 HRC. The cylindrically shaped pins (diam-
eter: 5mm; length: 14mm) were prepared and cleaned by
ultrasonic cleaning. Five tests were measured for all the tested
composites to ensure statistical accuracy.

The test parameters of all specimens were: the normal load
is 100N, the sliding speed is 200 rpm, the sliding distance is
200m, the track radius of the rotating disk is 20mm, and the
ambient temperature is 25°C. The wear resistance was esti-
mated by weight loss, friction coefficient, and wear rate. The
average weight loss was obtained by a microbalance (accuracy
0.01mg). The friction coefficient was obtained by dividing the
measured friction force by the applied load. The morpholo-
gies of the worn surfaces were observed by scanning electron
microscopy to discuss the wear mechanisms.

3. Results and discussion
3.1. Microstructural studies

Figs. 2(a) and (b) shows the XRD results of A and B compos-
ites. Both composites consist of only Al and Mg, Si phases. The
microstructure consists of primary Mg,Si, eutectic Mg,Si and
a-Al matrix.

The macro-photographs of the hot-rolled specimens
demonstrate that the A composite exhibits more signifi-
cant macroscopic cracking at the edge compared to the
particle-refined B specimen, as shown in Fig. 3(a). Overall,
the hot-rolled B specimen has better sheet quality. The addi-
tion of P adequately refines the Mg, Si particles in the as-cast
microstructure (Fig. 3(b) and (e)). The Mg,Si particles show
the agglomeration zones in the A composite. However, the
refinement of Mg, Si particles does not effectively alleviate the
agglomeration of particles in the as-cast microstructure.

After the homogenization and hot rolling, the refined
Mg,Si particles achieve homogeneous distribution in the B
composites. However, the Mg,Si particles still show some
agglomeration zones in the A composite (Fig. 3(c) and (f)).
Fig. 3(d) shows the etched microstructure of the A compos-
ite after hot rolling. These results that the deformation zone
of the hot-rolled A composite is inhomogeneous, and the
coarse Mg, Si particles are disordered in the deformation zone.
Fig. 3(g) shows that the refined Mg, Si particles exhibit homo-
geneous distribution in the uniform deformation zone.

Phosphorus addition decreases the size of the Mg,Si par-
ticles and changes the morphology to a regular polyhedron,
as shown in Fig. 4(a) and (d). The Mg,Si particles spheroidize
and refine during the subsequent homogenizing treatment
and hot rolling. The hot-rolled B composite shows more uni-
form spheroidized Mg,Si particles after the hot rolling in
Fig. 4(g). Moreover, the eutectic Mg,Si also spheroidize after
the homogenizing treatment in the A and B composites. After
the hot rolling, it is noted that the spheroidized eutectic Mg, Si
has a coincident arrangement parallel to the rolling direction
(Fig. 3(h)) and exhibits homogeneous distribution (Fig. 4(g)) in
the B composite. In contrary, the spheroidized eutectic Mg,Si
randomly distributes and shows the discrepancy in the size
and morphology (Fig. 4(c)) in the A composite. It is evident
that the B composite deforms homogeneously during the hot
rolling due to the abundant refinement of Mg, Si particles. The
increased quantity, decreased size, and regular morphology of
Mg, Si particles promote the homogeneous deformation pro-
cess and reduce the hindering of homogeneous deformation
caused by the coarse and irregular Mg, Si particles.

The variation of primary Mg, Si size of the A and B compos-
ites are shown in Fig. 5(a) and (b). It can be observed that the
Mg, Si particles are larger in the as-cast and hot-rolled A com-
posites compared with those of the B composites. After hot
rolling, the Mg,Si particle sizes decrease in the A and B com-
posites. As seen in Fig. 4(b) and (f), the irregular Mg, Si particles
(blue zone) fragment after hot rolling.

The microstructure transformation schematics of the A
and B composites are shown in Fig. 6. The homogenization
treatment smooths the sharp angles of primary Mg,Si parti-
cles; it also breaks the eutectic Mg, Si network. Subsequently,
the hot rolling procedure fragments the primary Mg,Si into
smaller particles and changes the eutectic Mg,Si distribu-
tion. In the B composite, finer Mg, Si particles are more freely
change location in the Al matrix during hot rolling, resulting
in a homogeneous distribution.

The A and B composites exhibit dislocation-tangled sub-
grains (yellow zones) and recrystallization (blue zones) after
hot rolling due to deformation and dynamic recrystalliza-
tion. The dislocation-tangled subgrains in the B composite are
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Fig. 3 - (a) Macro-photograph of hot-rolled specimens; microstructure of the A composite specimens: (b) as-cast; (c)
hot-rolled; (d) microstructure etched by 1%HF; microstructure of the B composite specimens: (e) as-cast; (f) hot-rolled; (g)

microstructure etched by 1%HF.

Fig. 4 - Morphologies of primary and eutectic Mg,Si of the A composite: (a) as-cast; (b) homogenizing treatment; (c) hot
rolling; morphologies of primary and eutectic Mg, Si of the B composite: (d), (e) as-cast; (f) homogenizing treatment; (g), (h)

hot rolling.

more homogeneous (Fig. 7(e)—(g)), and the A composite shows
coarser recrystallization (Fig. 7(a)-(c)). Hot rolling results in
high density dislocations. Fig. 7(b) and (d) shows the needle-
like precipitations after the T6 treatment, which are finer and
in higher density in the B composite. It indicates that the
refinement and homogeneous distribution of Mg,Si particles
are advantage to obtain homogeneous subgrains during hot
rolling.

3.2.  Mechanical properties

The hardness of the AC, H-R, and H-R &T6 specimens are
shown in Table 2. The as-cast A composite exhibits the low-
est hardness (78.6 HV). With 0.05% P addition, the hardness
of the B composite increases to 92.5HV. Then, the B compos-
ite exhibits higher hardness after hot rolling (102.3HV) and
T6 treatment (108.8 HV). Figs. 8(a) and (b) shows the engineer-
ing stress-strain curves, UTS, YS, and EL values of the A and B
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Fig. 5 — Variation of primary Mg,Si sizes; (a) primary Mg,Si sizes of A composite before and after the hot rolling; (b) primary

Mg, Si sizes of B composite before and after hot rolling.

Fig. 6 - Schematic of microstructure transformation of A and B composites after homogenization and hot rolling.

Table 2 - Vickers hardness of A and B composites at
various conditions.

Various conditions AC H-R H-R &T6
Vickers hardness A 78.6 84.2 89.5
(HV) B 92.5 102.3 108.8

composites. The tensile strengths of the hot-rolled B specimen
(YS=179MPa and UTS=235MPa) are higher than that of the
as-cast A specimen (YS =164 MPa and UTS =194 MPa) because
of the Mg,Si particles refinement and work hardening of hot
rolling. The T6 heat treatment induces precipitation strength-
ening, resulting in YS and UTS increases to 217 and 245 MPa,
respectively.

The values of EL are compared with the specimens pro-
cessed by the hot rolling and T6 treatment in Fig. 8(b). Hot
rolling improves the EL in the A and B composites, and the T6
treatment decreases the EL due to the needle-like precipita-
tion.

In particle-reinforced Al matrix composites, the particle
reinforcements hinder the dislocation motion and possess
greater resistance to indentation [32]. The size, morphology,
and distribution of reinforced particles are crucial factors
to the improvement of mechanical properties in particle-

reinforced Al-Mg,Si composites. The hardness improvement
can be attributed to refinement and homogeneous distribu-
tion of the Mg,Si particles in the P-refined and hot-rolled
composites. The hot rolling process can break coarse Mg,Si
particles and ameliorate the agglomeration of Mg, Si particles,
which both improve the UTS and EL of the composite. The
YS of the hot-rolled B composite is about 34 MPa higher than
that of the hot-rolled A composite because of the strengthen-
ing originating from finer and homogeneous Mg,Si particles.
The high density dislocations and subgrains result in addi-
tional strengthening effects in the hot-rolled B composite.
Moreover, the fragmentation and refinement of Mg,Si parti-
cles increase the load-bearing ability in the composite. Soltani
et al. reported that severe deformation and high stored strain
energy resulted in strongbonding between Mg, Si particles and
Al matrix [33].

The T6 treatment improves the strength via the needle-
like precipitates. The Orowan dislocation looping mechanism
indicates that the precipitates can induce precipitation-
strengthening, and fine and needle-like precipitates can
improve the UTS and YS effectively [34,35]. In the particle-
reinforced Al-Mg,Si composites, the P refinement, hot rolling,
and T6 treatment are excellent processes for the refinement
of Mg, Si particles and the tensile strength improvement.
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Fig. 7 - TEM images of A composite: (a), (b), (c) H-R; (d) H-R &T6; TEM images of B composite: (e), (f), (g) H-R; (h) H-R &T6.

Fig. 8 - (a) Engineering stress-strain curves, (b) UTS, YS and EL of various conditions of A and B composites.
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3.3. Wear behavior

The variations in weight loss for the AC, H-R and H-R &T6
specimens under loads of 100N are shown in Fig. 9(a). These
indicate that the weight loss of the B composite (6.02mg) is
less than that of the A composite (8.08mg) in the as-cast
state. Moreover, the hot rolling and T6 treatment decrease the
weight loss of both A and B composites. Fig. 9(b) shows the
wear rates at the different conditions. The wear rate of the
B composite shows a lower value (10.55 mm3/km) compared
to that (15.54 mm3/km) of the as-cast A composite in the H-
R &T6 process. The decreases in wear rate and wear loss are
coincident with the increased hardness discussed above.

The relationship between friction coefficient and sliding
distance under applied load (100N) are shown in Fig. 10. The
friction coefficient of the as-cast A composite is higher than
those of the hot-rolled composites. The friction coefficient
continues to decrease in the H-R &T6 composites.

According to Archads equation [29], the wear resistance is
related to material hardness:

Q=KW/H (1)

where Q is the wear rate (mm?/km), K is the wear coefficient, W
is the volume of worn material per distance and H is the hard-
ness of the specimen on the Vickers scale. This indicates that
the wear rate is inversely proportional to the hardness. P addi-
tion, hot rolling, and T6 treatment resulted in the increased
hardness, which enhances the wear resistance of the compos-
ite. The fine Mg, Si particles support the contact stresses and
prevent abrasion between the contact surfaces, which reduces
the wear volume. The wear-resistant Mg,Si particles domi-
nates the wear rate of the composite. Sun and Ahlatci reported
that the wear behavior of the composites is affected by type,
size, and volume fraction of the reinforcement [30].

The coarse Mg,Si particles and flake-like eutectic Mg,Si
are susceptible to cracking at the interface due to high con-
tact stress on the tip of the irregular particles [30,31]. Crack
nucleation is inclined to form at hard second-phase particles
during dry sliding. These cracks are inclined to propagate on
the worn surface, resulting in delamination. After hot rolling,
the improved hardness leads to a higher wear resistance due
to fine Mg, Si particles and strong bonding between the Mg, Si
and Al-matrix. Previous work suggested that severe defor-
mation (such as hot extrusion) can significantly improve the
wear resistance of the as-cast composite [33]. In the H-R &T6
specimen, the weight loss, wear rate, and friction coefficient
decrease due to the composite hardening. Aging strengthen-
ing results in the hardness increase and the improvement of
wear resistance of the composite; it is coincident with the
conclusion of Archads equation [36,37].

The worn surfaces of the AC, H-R, and H-R &T6 compos-
ites are shown in Fig. 11. Fig. 11(a) shows that the abrasion
wear including delaminated areas in the as-cast A compos-
ite. During dry sliding, coarse Mg, Si particles fracture and are
pulled out from the matrix, the worn surface exhibits wide
and deep ploughing grooves parallel to the sliding direction.
The fragmentation of the eutectic Mg, Si causes delamination
by the stress imposed on the worn surface. Fig. 11(e) and (f)
shows that the dominant wear mechanism changes to abra-

sion when the Al-18%Mg,Si composite is subjected to the P
addition, hot rolling, and T6 treatment.

In the H-R and H-R &T6 specimens of the A composite
(Fig. 11(b) and (c)), abrasion and delamination are still the dom-
inant wear mechanism. The worn surface of the H-R specimen
of the B composite has a smooth appearance with shallow and
narrow grooves. The improved wear resistances in the hot-
rolled specimens are attributed to fine and dispersed Mg, Si
particles in the matrix. Moreover, the eutectic Mg,Si with a
rod-like shape tends to enhance the bonding with the matrix;
it can effectively suppress the formation of cracks and improve
the wear resistance. The wear resistance further improves due
to hardening in the H-R &T6 specimen of B composite.

The schematics of the dry sliding process and correspond-
ing worn surfaces at different conditions are shown in Fig. 12.
The coarse and irregular Mg, Si particles result in high stress
concentration between the particles and Al matrix in the
as-cast composite. The high stress concentration leads to
particles being pulled out from the matrix and subsequent
breakage of the matrix; thus the worn surface exhibits wide
and deep ploughing grooves (Fig. 12(a) and (b)). With P addition,
the Mg,Si particles are refined and transform to a regular mor-
phology. This transformation effectively reduces the stress
concentration. The regular Mg, Si particles are more difficult to
be pulled out from the matrix which alleviates the breakage
of the matrix. The worn surface shows less pulled particles
and shallow grooves (Fig. 12(c) and (d)). When the P-refined
composite was performed by the hot rolling, the Mg, Si parti-
cles were further refined and spheroidized. The spheroidized
Mg, Si particles cause less stress concentration and improve
the continuity of the matrix. The smoother worn surface indi-
cates the higher wear resistance of the composite (Fig. 12(e)
and (f)).

Friction process always remain storing and transforming
of energy. Accumulated energy dissipation during dry sliding
systems is also an important parameter to predict the wear
behavior of the composite [38-40]. Many factors can affect
the friction energy dissipation, such as an increase in con-
tact temperature, the generation of wear particles, and plastic
deformation and phase transformation [41,42]. Moreover, Son-
dur et al. reported that heat treatment also affected the wear
behavior of particle-reinforced composites [36,37]. Ramalho et
al. suggested the relationship between dissipated energy and
wear; the accumulated energy dissipation can be estimated by
the following equations [38-40]:

dEq =Fdx 2

At
Ed = / Fth (3)
0

where dE; is the incremental dissipated energy, F; is the fric-
tion force, dx is the incremental wear distance, and At is the
time intervals.

The relationship between the accumulated energy dissipa-
tion (E4) and wear volume (V) at different conditions is shown
in Fig. 13(a). The accumulated energy dissipation increases
with the increase of the wear volume. The as-cast A com-
posite exhibits the highest accumulated energy dissipation.
With the P addition, hot rolling, and T6 treatment, the accu-
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Fig. 9 - (a) Wear weight loss of various conditions of A and B composites under 100 N; (b) Wear rates of various conditions of

A and B composites under 100 N.

Fig. 10 - Relationship in the friction coefficient versus sliding distance: A composite (a) AG, (b) H-R, (c) H-R &T6; B composite

(d) AC, (e) H-R, (f) H-R &T6.

Fig. 11 - SEM images of worn surfaces under the loads of 100N and the sliding distance of 200 m: A composite (a) AG, (b)

H-R, (c) H-R &T6; B composite (d) AC, (e) H-R, (f) H-R &T6.

mulated energy dissipation gradually reduces during the dry
sliding process. It can be noted that the slope of the curve is not
a constant when the composite was subjected to the different
treatments. Jahangiri et al. suggested that wear mode of the
composite does not change if the slope of the E4-Vy, curveis a
constant [40]. The slope variation indicates the change of the

wear mode when the composite undergoes P-refinement, hot
rolling and T6 treatment. It is coincident with the observation
of the wear surfaces at different conditions.

Since the Mg, Si particles are coarse, irregular, and agglom-
erated in the as-cast A composite, more Mg, Si particles crack
and the Al matrix significantly scuffs, dissipating more energy
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Fig. 12 - Schematic of dry sliding process and the corresponding worn surfaces at different conditions: (a), (b) as cast; (c), (d)

P addition; (e), (f) hot rolling.

Fig. 13 - (a) The relationship between the accumulated energy dissipation (Eq) and wear volume (V) at different conditions;
(b) the relationship between the energy dissipation and wear distance at different conditions.

in the friction process. A combination of adhesion and delam-
ination is the dominant mechanism. The wear mode of the
H-R &T6 specimen of the B composite changes to abrasion,
which dissipates less energy due to the fine and dispersed
Mg, Si particles, stronger bonding of the Al matrix, and higher
load-bearing ability. Fig. 13(b) indicates that the hot rolling and
T6 treatment reduce the energy dissipation of the compos-
ite in the friction process. It implies less wear mass loss and
stronger wear resistance due to fewer cracks.

4, Conclusions

In the present investigation, the effects of P-refinement,
hot rolling, and T6 treatment on microstructure, mechani-
cal properties, and wear behavior of Al-18 wt.% Mg,Si in situ
composites were studied. The results indicate that:

1 P-refinement and hot rolling result in decreased size and
dispersed distribution of Mg,Si particles. It also has a sig-
nificant effect on the breakage of the flake-like eutectic

Mg, Siin the matrix. The P-refined composite exhibits more
homogeneous particle distribution, uniform deformation
zones, subgrains, and high-density dislocation regions by
subsequent hot rolling. The needle-like phases precipitate
in the matrix after the T6 treatment for both composites.
The combination of P refinement and multi-pass hot rolling
improve the formability of rolled sheet and reduce macro-
cracking.

Consequently, the hot rolling and T6 treatment improve
the hardness, yield strength and ultimate tensile strength
in the A and B composites. The refinement of Mg,Si par-
ticles, subgrains, high density dislocation, and needle-like
precipitates are dominant factors related to the improved
mechanical properties.

The wear resistance of the hot-rolled specimen is higher
than that of the as-cast composites. The hot-rolled and T6-
treated B composite exhibits the lowest weight loss and
friction coefficient due to the fine Mg;Si phases and the
increased hardness. A combination of adhesion and delam-
ination is the dominant wear mechanism in the as-cast A
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composite. The wear mechanism changes to abrasion in the
H-R &T6 specimen of the B composite.
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