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In the present work, Mg-Zn-Cu alloy (ZC63) and its saffil alumina short fibre reinforced
composites produced using the squeeze casting technique were evaluated for their properties.
The unreinforced base alloys and their composites were characterized for their microstructure,
hardness, yield strength, impact strength, wear resistance and corrosion resistance. The
dependence of the properties of composites was studied as a function of fibre volume fraction.
Results showed that the composites exhibited improved hardness, yield strength at elevated
temperature and wear resistance in comparison to the monolithic alloy. However, ductility,
impact strength and corrosion resistance of the composites were inferior to that of the base
alloy. The nature of the base alloy matrix in determining the properties of the composites was
discussed based on fractographic analysis. © 2006 Springer Science + Business Media, Inc.

1. Introduction

Magnesium alloy castings have attained a prominent
position in the transport industry mainly due to their
high strength-to-weight ratio [1]. However, many of the
magnesium cast alloys have limited ductility and exhibit
low strength at elevated temperature that restrict their
use [2, 3]. Over the past two decades, extensive research
on alloying of magnesium has paved way for new Mg
alloy systems such as the Mg-Zn system. Among these,
the Mg-Zn-Cu alloys exhibit relatively high ductility and
high strength [2, 4]. In these alloys, the addition of Cu and
Zn imparts grain-refining effect, and improves castability
and ductility [4]. These alloys are considered as possible
replacement materials in automobile engine castings
such as in cylinder blocks and sumps [5]. In addition to
strength properties, applications involving magnesium
alloys also require appreciable thermal stability, specific
stiffness, wear resistance and corrosion resistance [6].
Addition of ceramic reinforcements to the base alloys to
produce metal matrix composites (MMCs), has proved
to be an answer to improve some of these properties
in many non-ferrous systems [6—8]. Neih et al. [6] and
Fukunaga et al. [8] have reported significant improve-
ment in hardness, elastic modulus, strength and wear
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resistance in discontinuously reinforced aluminium
matrix composites, whereas Hasson et al. [7] reported
decrease in ductility and impact resistance. Though data
available on magnesium MMCs is meager, the available
literature [9—-12] is indicative of its large potential as a
promising material in many aerospace, railway transport
and automotive applications.

In the work reported here, the ZC63 magnesium alloy
and its saffil alumina short fibre reinforced composites
were produced by the squeeze casting and squeeze infil-
tration methods respectively. As the magnesium metal is
difficult to handle in the molten state [12], the process
parameters during melting and casting were optimized
systematically to achieve sound castings of both the alloy
and its composites. The resulting castings were analyzed
for their microstructure, mechanical properties, wear re-
sistance and corrosion resistance. The effect of fibre rein-
forcement and the importance of the base alloy matrix in
determining the behaviour were further examined.

2. Experimental details
Magnesium alloy ZC63 (Mg-5.5 to 6.5 Zn-2.5 to 3.5
Cu and 0.25 to 0.75 Mn, expressed in wt%) and its
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Figure 1 Optical micrographs of unreinforced ZC63 alloy (a) as-cast condition (b) heat-treated condition (inset shows spherodized eutectic at grain

boundaries, formed due to heat treatment.

composites were produced using the squeeze casting and
squeeze infiltration methods respectively. Saffil® alumina
short fibres were used as the reinforcement material (mean
fibre diameter: 3« mm and fibre length: 200 mm). Three
volume fractions (viz., 15, 20 and 25%) of fibre preforms
with diameter: 70 mm and height: 35 mm were used.
Magnesium was melted using the fluxless process [13] in
a reducing atmosphere to prevent oxidation of the molten
metal. For the composites, the preform was pre-heated
to a temperature of 850°C for all volume fractions. Both
the alloy and its composites were produced at a squeeze
pressure of 40 MPa. The aging cycle of the alloy and its
composites (T6 condition [14]) were optimized to attain
peak hardness. The aging treatment was done at a temper-
ature of 190-210°C [14]. The hardness of the unreinforced
alloy ZC63 and its composites was measured using a
Brinell hardness tester with a 5 mm-ball indentor at 500
kg load. Tests were conducted on five specimens to ensure
repeatability of peak hardness values. Microstructures
were studied using optical and scanning electron micro-
scopes. The alloy and composites in their peak-hardened
condition were evaluated for their properties in the present
study. Density and room temperature elastic modulus
were determined using the specific-gravity method and
non-destructive elastosonic method respectively. Tensile
tests of the alloy and its composites were carried out in a
2-ton Monsanto tensometer provided with a high temper-
ature furnace for testing at elevated temperatures. Tensile
tests were conducted at temperatures of 25, 100, 150 and
200°C respectively, at a controlled strain rate of 0.001/s.
Instrumented Charpy impact tests were conducted on
bars of dimension 55x 10x 10 mm?, and on notched bars
with notch root tip radius 0.02 mm. Dry sliding wear tests
were conducted using cylindrical specimens of diameter
6 mm and height 15 mm, on a pin-on-disc machine with
(a) EN24 steel disc and (b) SiC abrasive disc as the
counterface materials. The sliding speed and normal load
(stress) were kept constant at 1.5 m/sec and 30 N (~1
MPa) respectively. Corrosion tests were carried out in a
salt-spray atmosphere for varying exposure period [15].
The specimens were cleaned after the tests to remove the
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corroded products. The corrosion rates were calculated
based on the weight loss of the corroded specimens [15].
The surfaces of the specimens tested at different con-
ditions, viz., tensile, impact, wear and corrosion, were
analyzed using optical, stereo and scanning electron
microscopes.

3. Results and discussion

3.1. Microstructure and aging response

Fig. 1a and b show the microstructures of the unrein-
forced ZC63 base alloy in the as-cast and heat-treated
condition. The microstructure of the as-cast Mg-Zn-Cu
alloy consists of a-Mg matrix and Mg(Zn,Cu), eutectic
compound that is present along the grain boundaries. The
eutectic phase was identified as Laves phase by various au-
thors [16—21]. Upon solution treatment and aging, MgZn,
precipitates are formed and are distributed homogenously
through out the matrix [12, 14, 16]. Fig. 1b shows that
the grain boundary eutectic has become spherodized on
aging (see inset), but however the precipitates could not
be observed. Nunez-Lopez et al. [16] have reported that
the eutectic phase gets partially spherodized during heat-
treatment and that the precipitates formed during ag-
ing were unresolvable even at higher magnifications in
SEM. Transmission electron microscopy was used by
Yang et al. [19] and Yuan et al. [21] to resolve the
MgZn, precipitates that formed during aging. Fig. 2a
shows the representative microstructure of a 20% V¢ com-
posite that indicates uniform and homogeneous disper-
sion of fibres with no significant trace of porosity. The
fibres are distributed in a planar random orientation due
to the method of preparation of the preform [22]. The
sufficiently higher temperature of the preform (850°C)
than the molten metal (~800°C) enabled complete in-
filtration of the molten metal into the preform that pre-
vented premature solidification of the metal. The absence
of fibre clustering (Fig. 2a) indicates that the application
of squeeze pressure has not compressed the preforms.
Fig. 2a also shows protruded ends of fibres, which ap-
pear as small white globular regions. During polishing,
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Figure 2 SEM micrographs of (a) 20% Vy composite (b) fibre protrusions observed at high magnification.
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Figure 3 Variation of peak hardness and peak aging time with fibre volume
fraction.

the ductile alloy matrix gets easily removed, thereby re-
vealing the protruded fibre ends on the surface. Fig. 2b
is a high magnification micrograph that shows fibre pro-
trusions. Fig. 3 shows the peak hardness and peak ag-
ing time of the unreinforced alloy and its composites
as a function of fibre volume fraction. From this figure
it can be observed that the composites exhibit higher
hardness than that of the unreinforced alloy, and that
their hardness increases with increase in fibre volume
fraction. In the composites, the increase in hardness is
mainly due to the inherent load carrying capacity of the
fibres [23]. In addition, the presence of Mg (Zn,Cu), at
the fibre/matrix interface leads to increased precipitation
on aging [16], resulting at an overall increase in peak
hardness with fibre volume fraction. It can also be ob-
served that the peak aging time decreases with increase
in fibre volume fraction. In the case of composites, the
addition of fibres provides high dislocation density at
the fibre/matrix interface that acts as heterogeneous nu-
cleation sites for precipitation to occur, thereby acceler-
ating the aging kinetics [24, 25]. This leads to the re-
duction in aging time with increase in the fibre volume
fraction.

3.2. Density and elastic modulus

The density values of the unreinforced ZC63 base alloy
and its composites measured by specific gravity method
and that calculated using rule-of-mixtures (ROM) equa-
tion [26] are listed in Table I. The experimental values
are obtained from the average of three measurements.
Since the density of the reinforcement (alumina fibres:
3.3 g/cc) is greater than that of the base alloy (1.85 g/cc),
the increase in fibre volume fraction linearly increases the
density of the composites. It could also be observed that
the experimental density values are comparable to those
calculated theoretically using ROM equation. This further
indicates that the presence of porosities is negligible and
that the squeeze pressure applied was sufficient enough
for complete infiltration and solidification of the molten
metal.

Fig. 4 shows the experimentally determined elastic
modulus as a function of fibre volume fraction, and those
estimated using (i) Halpin-Tsai-Kardos type expression
for discontinuous reinforcements [26] and (ii) ROM equa-
tions for fibres loaded along the longitudinal and trans-
verse axis [26]. The measured values show that the elastic
modulus increases with fibre volume fraction. Further,
even at the lowest volume fraction of 15%V;, an increase
in the modulus by almost 70% with respect to the alloy is
observed, which is due to the high inherent stiffness (300
GPa) of the ceramic reinforcements. It should be noted
that the experimental values are comparable with those
calculated using Halpin-Tsai-Kardos type expression for
discontinuous reinforcements [26]. The experimental val-

TABLE I Experimental and calculated values of density of ZC63 base
alloy and its composites.

Density, g/cc

Density, g/cc(avg. of 3 (Calculated using

Fibre volume fraction  tests)(Experimental) ROM equations [26])
ZC63 Base Alloy 1.85 -

ZC63 4+ 15%Vy 2.12 2.06

ZC63 + 20%V¢ 2.23 2.14

7C63 4 25%Vy 2.30 2.21
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Figure4 Variation of experimental and calculated values of elastic modulus
with fibre volume fraction.

ues are also typical of discontinuous reinforcements [26]
falling well within the upper and lower bound modulus
values obtained using the respective ROM equations.

3.3. Tensile properties

Fig. 5a shows the yield strength of the alloy and compos-
ites as a function of test temperature. It can be observed
that at room temperature, the strength of the composites
is almost the same as that of the unreinforced alloy, the
exception being 15%V; that shows strength lesser than
that of the alloy. With increase in test temperature, the un-
reinforced base alloy shows a drastic decrease in strength,
such that, at the highest test temperature (200°C), the
strength decreases to about one third of its room temper-
ature value. Amongst the composites, the composite with
15%V; shows improved strength at 100°C than that ob-
served at room temperature, whereas retention in strength
is observed for 20 and 25% composites at 100°C. Be-
yond 100°C, the composites of all volume fractions show
a gradual reduction in strength with temperature. How-
ever, when compared to the alloy, they exhibit significant
improvement in strength indicating the influence of fibre
addition in improving the properties at higher tempera-
tures. Fig. 5b shows the variation of %elongation of un-
reinforced alloy and its composites as a function of tem-
perature. At higher test temperatures the alloy exhibits
higher ductility when compared to that at room tempera-
ture. The lowering of %elongation at temperatures greater
than 100°C is possibly due to the onset of over-aging that
could occur at these temperatures. The composites exhibit
low %elongation values in comparison to the unreinforced
alloy at all test temperatures, which is due to the presence
of brittle ceramic fibres. It can be observed that the unrein-
forced base alloy exhibits elongation value that is almost
an order of magnitude greater than that of the composites.
Fractographic analysis of the alloy at all test temperatures
showed dominant ductile failure. Fig. 6a and b show the
fracture surfaces of the alloy observed at room tempera-
ture and 150°C respectively.

3746

250
—O— Base Alloy
25% V, ——15% V,
2004 —y —v—20% V,
g 8 20% \N ——25% V,
= o—\’
£ 15% V,
© 1901 o \
]
3 ° '
T 1004 Base Alloy
2 %
> \
504 o
0 T T T T
0 50 100 150 200 250
Temperature, °C
(@
25
[ Base Alloy
15% V,
— EXXZ 20% V,
20 C125% V,
_5 15+
® o
=]
5
o 104
32 ™
5 -
0 s Wﬁ_ i AT . A .

25°C 100°C 150°C 200°C

Temperature, °C
(b)

Figure 5 Variation of (a) yield strength of ZC63 alloy and its composites
at different test temperatures and (b) % elongation of ZC63 alloy and its
composites at different test temperatures.

Composites are usually considered advantageous over
the base alloys for the reason that they provide improved
strength at both room and elevated temperatures. Various
authors [10, 22, 27] have reported significant improve-
ment in room temperature strength in several Al- and
Mg-based MMCs. However, in the present case, it can be
observed from Fig. 5a that 15% V¢ shows strength that is
significantly lower than that of the alloy at room temper-
ature, and that the composites with 20% V¢ and 25% V¢
do not exhibit any considerable improvement in strength
over that of the unreinforced alloy.

Several authors have reported similar behaviour, where
the room temperature strength of the composites was
lower than that of the base alloy, and have attributed to
various factors such as the properties of the alloy matrix,
critical fibre volume fraction and residual stresses [22,
27-32]. A similar trend was observed by Friend [28, 31]
in AI-MMCs with different alloy matrices. He observed
that a critical volume fraction (V) should be exceeded
for significant strength improvement at room temperature
and that the composites with fibre volume fraction less
than V. exhibited strength much lower than that of the
unreinforced alloy. Further, he suggested that the value of
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Figure 7 Fracture surfaces of 20%Vy at (a) room temperature (b & (c) fibre deformation and fibre failure at 100 and 150°C (d) fibre failure due to intense

matrix flow at 200°C.

Vit depends largely on the matrix properties such as the
ultimate tensile strength and yield strength, and especially
on the difference between them (rate of work-hardening),
which would affect the plastically induced load transfer to
the fibres [27, 31]. In the present case, the value of V at
room temperature for ZC63 matrix alloy was calculated
using equations proposed by Friend [31]. The calcula-
tions indicated that a critical volume fraction of >16% is
necessary to bring considerable improvement in strength.

Hence, in the present case, the behaviour of the composite
seems to depend on V criteria proposed by Friend [31].
This explains for the lower strength value of 15%Vy
composite. It should also be noted that the %elongation of
the composite with 15% V¢ at room temperature is ~0.5%
(Fig. 5b), which is less than the failure strain of short
§-alumina fibres (0.67%) [31]. This further indicates that
insufficient fibre content would result at inferior tensile
properties. Lower elongation values in Al-and Mg-based
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composite systems have also been observed earlier by sev-
eral authors [22, 27, 31], where the composites exhibited
lower strength than that of the unreinforced alloy.

In addition to the critical fibre volume fraction criteria,
residual stresses also play an important role in determin-
ing the strength of composites at room temperature. Scott
and Chen [29] on their work on Al-MMCs, have indicated
that the reduction in yield strength in composites when
compared to the unreinforced alloy was due to the pres-
ence of residual tensile stress in the matrix, which would
supplement the externally applied load. Friend [28] had
suggested that the magnitude of the residual stresses pro-
duced due to the thermal mismatch between the reinforce-
ment and the matrix influenced the strength behaviour of
composites at room temperature, and that these stresses
would undergo relaxation at higher temperatures. In the
present case, the residual stresses were calculated using
equations from [33] and were found to be in the range
of 75-100 MPa for the composites (15 to 25% V;) at
room temperature. These stresses reduced to < 5 MPa
at 200°C. Milliere and Suery [33] had earlier calculated
~65 MPa residual stresses for 15%V; in AI-MMCs. This

indicates that the residual stresses contribute to lowering
of strength of composites at room temperature. Fig. 7a
shows the fractured surface of 20% V; composite at room
temperature.

With increase in test temperature, relaxation of residual
stresses would occur [28]. Further, it should also be noted
that the critical fibre volume fraction required to bring
about improvement in strength decreases with increase in
temperature [28]. For example, in ZC63 matrix alloy, Vi
at 100°C > 11%. Hence, owing to these two factors (re-
laxation of residual stresses and decrease in critical fibre
volume fraction, with temperature), the 15% V¢ composite
shows better strength at higher temperatures.

When compared to that at room temperature, matrix
flow at high temperatures occurs due to the ductile nature
of the base alloy (Fig. 5b). It has been observed earlier [34]
that in the case of ductile matrices, at high temperatures,
matrix flow gives rise to mechanical stresses leading to
fibre deformation and fibre failure. In the present case, the
fractographic studies of the composites tested at 100 and
150°C (Fig. 7b and c) show fibre deformation and fibre
failure. From these figures it could also be observed that
fibre debonding is less, which could be due to the soften-
ing of the Mg (Zn,Cu), phase present at the fibre/matrix
interface [19] and efficient load transfer to fibres [30] at
higher temperatures. With further increase in test temper-
ature to 200°C, intense matrix flow leading to fibre failure
is observed (Fig. 7d). This indicates that the transfer of
mechanical stresses to fibres intensifies due to increased
matrix flow at higher temperatures resulting at lowering
of strength. Although the composites exhibit moderate re-
duction in strength at higher temperatures, their strength
remained much greater than that of the unreinforced al-
loy indicating the positive effect of fibre reinforcement in
improving the strength retention characteristics at higher
temperatures.

3.4. Impact strength
The total impact energy of unreinforced ZC63 alloy and
its composites, for both the un-notched and notched cases,

X2,008 18vm WD20
(b)

2581

15KV

Figure 9 Fractographic evidences of unreinforced alloy showing (a) prominent ductile failure (un-notched) and (b) 20% V¢ composite (un-notched) showing

fibre chopping and fibre fracture.
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Figure 10 (a) Wear rate of ZC63 alloy and its composites against two
different counterfaces and (b) coefficient of friction of ZC63 alloy and its
composites against two different counterfaces. (The solid lines are drawn to
guide the eye).

are shown in Fig. 8. In both the un-notched and notched
conditions, the composites show less resistance to impact
loading when compared to the base alloy. This reduction
in impact energy with the addition of ceramic reinforce-
ments is due to the inherent brittle nature of the ceramic

0090 FoRRR1IT

IV WD Zamm

(a)

fibres and also due to the fact that the presence of fi-
bres leads to initiation of cracks at the fibre/matrix in-
terface [35]. Fractographic evidences of the unreinforced
alloy in the un-notched condition show prominent duc-
tile fracture (Fig. 9a), which is due to the inherent ductile
nature of the unreinforced alloy. Fig. 9b shows a repre-
sentative fracture surface of 20% V¢ composite in the un-
notched specimen. In the case of composites, unlike that at
the tensile testing conditions where sufficient time is avail-
able for the transfer of load from the matrix to the fibres,
under impact loading, the time available for load transfer
to the fibres is very short, which is due to high strain rates.
Thus rapid propagation of cracks occurs under impact
loading, leading to matrix fracture, fibre/matrix debond-
ing and fibre fracture resulting in catastrophic failure in
the composites [26]. Such observations are evident from
Fig. 9b, which reveals fibre chopping and fibre fracture
that subsequently led to lowering of the impact strength in
the composites. As seen from Fig. 8, the base alloy and the
composites in the notched condition absorb less energy
in comparison with that of the un-notched. The presence
of the notch increases the stress concentration at the tip
of the notch and thereby reduces the impact energy [22,
36-38].

3.6. Wear and friction

The wear rates of ZC63 alloy and its composites (slid
against two different counterface discs: EN24 Steel and
SiC abrasive) are shown in Fig. 10a. For both the alloy
and its composites, the wear rate is higher against SiC
abrasive disc than against the EN24 steel disc. This is
due to the higher hardness and roughness (hardness: ~20
GPa and roughness: ~18.5 ) of the SiC abrasive me-
dia, which results in higher material removal during slid-
ing, when compared to that against the EN24 counterface
(hardness —52 HR. and roughness —0.2 nm). Against the
EN24 counterface, the composites exhibit higher wear re-
sistance than the base alloy. The decrease in wear rate
with increase in volume fraction against EN24 counter-

(b)

Figure 11 'Worn surface of (a) ZC63 alloy showing adhesion (against SiC counterface) and (b) ZC63 composite (20% V) showing delamination (against

EN24 counterface).
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face (Fig. 10a) is mainly because of the increase in hard-
ness of the composite with fibre volume fraction (Fig. 3).
When slid against the SiC counterface, the wear rates of
all the composites were lower than that of the unrein-
forced alloy. However, within the composites the wear
rate increases with increase in fibre volume fraction. This
further indicates that when slid against SiC counterface,
the wear rates of composites do not exhibit any inverse
relationship with bulk hardness, as was observed in the
case against EN24 disc. Several authors [39, 40] have
also observed the absence of the inverse relation between
the wear rate and bulk hardness in Al- and Mg-matrix
composites. In SiC counterface, the high roughness of
the SiC abrasive disc causes trapping of the debris, that
are generated during sliding, between the abrasive grits.
The debris contains hard ceramic fibres that would act
as third body, and subsequently counter-abrade the com-
posite pin material [41]. The counter-abrasion due to the
trapped debris intensifies with the increase in the fibre
content thereby increasing the wear rate with increase
in fibre volume fraction. Fig. 10b shows the variation
of coefficient of friction as a function of fibre volume
fraction. The composites show higher coefficient of fric-
tion when compared to the unreinforced base alloy on
both the counterfaces. The presence of hard fibres in the
composites acts as the abrasive media to the counterfaces
leading to an increase in the friction coefficient [41]. This
also explains the increase in coefficient of friction with
fibre volume fraction. Fig. 11 (a, b) show the represen-
tative worn surfaces of ZC63 alloy (against SiC counter-
face) and its 20%V; composite (against EN24 counter-
face). The unreinforced alloy undergoes material removal
by adhesion whereas composites exhibit delamination.
In the composites, under repeated sliding, delamination
occurs due to the formation of subsurface cracks origi-
nating at the fibre/matrix interface. Fig. 11b also shows
debris trapped at the delaminated pit due to repeated slid-
ing. Wear due to adhesion in unreinforced alloy and by
delamination of the composites have also been reported
earlier in AZ91 magnesium alloy and its composites
[39, 40].

3.6. Corrosion resistance

Fig. 12 shows the corrosion rate of ZC63 base alloy and
its composites as a function of exposure time in salt fog
environment. The base alloy exhibits higher corrosion
resistance than its composites. For both the alloy and
its composites, the corrosion rate increases with time.
In the case of composites, corrosion rate also increases
with increase in fibre volume fraction, the exception being
25%V composite beyond 72 h of exposure.

Fig. 13 shows the corroded surface of ZC63 alloy, which
indicates the occurrence of localized corrosion. The cor-
rosion morphology of magnesium alloys depends on the
alloy chemistry and environmental conditions [42]. For
example, in Mg-Al systems, in which both the cathodic
precipitates and the eutectic were present along the grain
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Figure 12 Variation of corrosion rate of ZC63 alloy and its composites on
exposure to salt fog environment as a function of exposure time.

Figure 13 Low magnification micrograph showing localized corrosion of
unreinforced ZC63 alloy.

boundaries, uniform corrosion was observed [42, 43], and
was explained based on the ‘particle undermining model’
given by Song et al. [41]. The localized corrosion ob-
served in the present case, could be understood in terms
of undercutting of the «-magnesium matrix [3, 42—44]. It
is well known that, elements or compounds of Cu present
in Mg-alloys would act as minute cathodes in the pres-
ence of a corrosive medium to the anodic magnesium
matrix [45]. These phases would lead to internal galvanic
corrosion, which would occur adjacent to the cathode [46].
In the present case, the cathodic Mg (Zn,Cu), compound
is present along the grain boundaries and the relatively
less cathodic MgZn, precipitates are distributed through-
out the matrix [16]. Hence, corrosion would initiate at the
highly anodic regions (magnesium matrix), especially at
the areas adjoining the grain boundary (cathodic eutectic),
as seen in Fig. 14a. It is important to note here that Mg and
Mg alloys are virtually immune to inter-granular corro-
sion attack [43], because of the reason that, in Mg-based
alloy systems, the grain boundary phase is invariably ca-
thodic to the Mg- matrix [43, 44]. Hence, the corroded
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Figure 14 Micrographs showing corroded surfaces of alloy (a) Occurrence of corrosion in regions adjacent to the grain boundary (b & c) further progress

of corrosion leading to localized corrosion pit.

region seen in Fig. 12a is not inter-granular; rather it is
the region adjacent to the grain boundary. Further, cor-
rosion proceeds simultaneously in many adjoining grains
(Fig. 14b) and would eventually undercut the matrix re-
sulting in its falling out. This leaves behind localized pits,
as seen in Fig. 14c.

The increase in corrosion rate with increase in fibre
volume fraction is due to the increase in the number
of cathodic sites with fibre volume fraction [47]. Hence,
any addition of reinforcement would cause an increase in
the formation of eutectic along the fibre/matrix interface
and thereby increase the number of cathodic sites, which
makes the magnesium matrix (anode) to increasingly un-
dergo dissolution during corrosion. It is interesting to note
that the MMCs with 25%V; show decrease in corrosion
rate at the longest exposure period (Fig. 12). This is be-
lieved to result from the initial rapid corrosion that would
cause deposition of corroded products on the surface. The
deposition of corroded products prevents further exposure
of fresh metal surface to the salt fog environment and re-
sults in lowering of the corrosion rate. Such retardation
of corrosion due to the obstruction of the surface by the
corroded products has also been reported earlier by Song
et al. on Mg-Al-Zn alloys [42].

4. Conclusions

Mg-6Zn-3Cu-0.5Mn alloy (ZC63) and its saffil alumina
short fibre reinforced composites were produced using
squeeze casting method. The unreinforced alloy and its
composites were evaluated for their properties. The major
results can be summarized as follows:

(1) Mg-based metal matrix composites produced using
squeeze infiltration process provided sound castings with
uniform distribution of fibres. The addition of saffil alu-
mina short fibres to the Mg-6Zn-3Cu (ZC63) matrix al-
tered the alloy microstructure and resulted in the sub-
stantial improvement in hardness, density and modulus of
elasticity.

(2) Although the composites do not show significant
improvement in yield strength at room temperature, they
exhibited improved strength retention characteristics at
temperatures up to 150°C. The properites of the base alloy
matrix and the fibre volume fraction play a major role in
determining the tensile behaviour.

(3) Composites exhibited low impact strength than the
alloy, which is due to the inherent brittle nature of the
ceramic fibres.

3751



(4) The wear resistance of the composites showed sig-
nificant improvement when compared to the unreinforced
alloy. The fibre volume fraction and properties of the slid-
ing counterface played a dominant role in determining the
wear behaviour.

(5) The composites were relatively less corrosion re-
sistant when compared to their unreinforced counterpart.
The corrosion behaviour was strongly dependent on the
microstructure of the unreinforced base alloy and the fibre
volume fraction.
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