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Abstract. Reinforcing magnesium alloys with a discontinuously dispersed
ceramic phase has engineered a new family of materials that are marketed under
the trade name “metal-matrix composites”. Continuous research efforts in the pro-
cessing of these materials have provided the necessary impetus for their emergence
and use in structural, automotive and even aerospace-related components. In this
paper we report the results of a study aimed at understanding the role of short-fibre
reinforcements (discontinuously dispersed through the metal-matrix of magnesium
alloy AM100) on impact deformation and fracture behaviour. In particular, the role

of volume fraction of the reinforcing phase on impact energy and fracture behaviour
is presented and discussed. An increase in short-fibre reinforcement content in
the magnesium alloy metal-matrix is observed to have a detrimental influence on
impact energy when compared to the unreinforced counterpart. Micro cracking in
the metal-matrix coupled with failure of the reinforcing fibres, both independently
dispersed and in clusters, dominates the fracture sequence at the microscopic level.
The final fracture behaviour of the composite material is discussed in the light of
the concurrent and mutually interactive influences of nature of loading, local stress
state, intrinsic microstructural effects and deformation characteristics of the com-
posite constituents.

Keywords. Magnesium; metal-matrix composite; mechanical properties.

1. Introduction

In the last two decades most research and development efforts have aimed at reinforcing
monolithic metals and alloys with a ceramic phase with the primary purpose of enhancing

their properties, spanning the domains of physical, mechanical and fracture behaviour. Rein-
forced metal matrices are termed as metal-matrix composites (denoted henceforth as MMCs)
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(Srivatsaret al 1981, 1995; Clyne & Withers 1993; Lewandowski 2000). With rapid strides

in the development, emergence and use of MMCs as potentially viable choices for a spec-
trum of performance-critical applications, even the not-so-high properties of pure metals and
their alloy counterparts are significantly enhanced to make them attractive and economically
affordable for structural applications. Initially, pure aluminum and aluminum-base alloys were
chosen and used as the matrix for reinforcement with a ceramic phase (Sratds4093).
However, rapid advances in technological development provided the much-desired impetus
for the growing interest and concomitant use of magnesium and magnesium-based alloys as
the metal-matrix (Naiet al 1985; Taya & Arsenault 1989).

Concurrent with rapid strides in the development, emergence and use of new and improved
materials for a plethora of performance-critical applications, innovative techniques for pro-
cessing these materials have also evolved. Casting processes were the initial techniques used
for the production of MMCs. To keep pace with technological advances these processes
have undergone dramatic improvements (Polmear 1980). The technique of squeeze casting
offers several noteworthy advantages and has emerged as a potentially viable, cost effective,
and economically feasible technique for the production of metal-matrix composites (MMCs)
(Polmear 1980, 1994; Unsworth & King 1986; Wei & Dunlop 1992).

The last two decades have witnessed increasing demand and concurrent surge in lightweight
structural materials for use in several performance-critical applications in the industries
of aerospace, automotive and even commercially related products (Polmear 1980, 1994;
Unsworth & King 1986). Most significantly, the alloys of aluminum, titanium and magnesium
have gained enhanced importance for use in such applications primarily because they have
a combination of unique properties to offer (Polmear 1980, 1994). A few of the advantages
are low density (light weight), good machinability, dimensional stability and low power con-
sumption, which makes alloys of magnesium potentially viable and economically affordable
choice is preferred to aluminum alloys and titanium alloys for performance-critical applica-
tions (Meschter & Neil 1984; Das & Davis 1988: Das 1989; Froes 1989). However, on the
downside, the hazardous nature of magnesium in the molten state coupled with its suscepti-
bility to oxidation cannot be overlooked (Das 1989; Froes 1989). With advancements in the
fields of classical engineering and emerging technologies, many of the conventional problems
encountered can now be overcome. However, mechanical properties and wear resistance of the
magnesium-based alloys are inferior at elevated temperatures (Das 1989; Polmear 1994). A
solution lies in developing reinforced materials from pure magnesium and magnesium-based
alloys, which can offer improvements in properties, such as stiffness, hardness, strength, frac-
ture behaviour, including wear resistance, similar to those observed in reinforced matrices of
aluminum, copper and titanium. Reinforcing magnesium alloys either with ceramic particu-
lates or ceramic fibres is likely to result in an improvement in certain mechanical properties,
while also enhancing the thermal stability of materials with concomitant alteration of their
responses to the chemical environment.

Several references are available in the published technical literature on squeeze casting
of aluminum-based alloys (Das & Chatterjee 1981; Franklin & Das 1984; Chadwick 1991).
However, only limited test data exists with respect to magnesium-based alloys. This shows
that the technique of squeeze casting of pure magnesium and its alloy counterparts has not
been thoroughly explored. Among the viable, efficient, and economically feasible methods
used for the primary production of metal-matrix composites, the squeeze infiltration technique
is most promising (Chadwick 1991). However, adequate information regarding processing of
magnesium-based composites using the squeeze infiltration technique is not available. This
justifies the need for an investigation with the primary purpose of generating meaningful
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data on magnesium alloys and their composite counterparts produced by the squeeze casting
technique.

Rapid strides in emerging technologies have engendered considerable scientific and tech-
nological interest in magnesium-based composites. This is because they are economically
affordable candidates for several structural applications and readily offer an attractive combi-
nation of properties, namely light weight, high specific stiffndssX), and specific strength
(¢/Y) (Emley 1966; Proffitt 1993). Such noteworthy combination of mechanical properties
is due essentially to the presence of the hard, brittle and elastically deforming ceramic rein-
forcement phase in the soft ductile and plastically deforming metal-matrix. The increasing
demand for magnesium alloys in newer generation automotive and aerospace components
has necessitated the need for improvement in their properties particularly at elevated tem-
peratures. This has been possible by engineering magnesium-based composites. A few of
the current applications of magnesium alloy-based composites in the automotive industry
are: (a) piston ring inserts, (b) gears, (c) gearbox bearings, and (d) connecting rods (Spare
1986). Advanced manufacturing processes, such as squeeze infiltration (which is an exten-
sion of the squeeze-casting technique) are becoming increasingly popular for the fabrication
of magnesium-based composites for both laboratory-scale research and commercial purposes
(Hu 1998). Most research studies conducted on magnesium-based composites and docu-
mented in the published literature are based on the Mg—Al-Zn alloy system (Jastes; H
Chang C Fet al). The most popular among these are alloys reinforced with particulates
of silicon carbide (Si¢;) and processed by the stir-casting technique (Mohan & Gopalakr-
ishna (1996). A recent technology update (Biswaal 1999) provides a succinct overview
of the properties of SiC reinforced (both whiskers and particulates) Mg—Al-Zn (AZ31,
AZ61 and AZ91) alloys. These composites have shown notable improvements in mechani-
cal properties such as elastic modulus (stiffness) and strength. A near similar enhancement
in mechanical behaviour was also observed for saffil alumina-fibre reinforced magnesium
alloy metal matrices Goldbergt al (1991). These composites have become more popular
than metal matrices reinforced with zirconia and alumino silicate fibres Westezigan
(1990).

The objective of this research paper is to document the influence of processing and rein-
forcement on microstructure, impact response and fracture behaviour of magnesium alloy
AM100-based MMCs. The kinetics governing impact fracture behaviour are discussed in the
light of the concurrent and mutually interactive influences of the nature of loading, local stress
state, the deformation characteristics of the composite constituents, and intrinsic microstruc-
tural effects.

2. Materials and processing

The material chosen for this study was magnesium alloy AM100 (Mg-1023Mn) table 1.

The alloy was reinforced with saffil alumina (ADs) short-fibres. Both the unreinforced

and reinforced counterparts were produced by squeeze infiltration technique. Three different
volume fractionsV ;) of the reinforcement phase (15, 20 and 25 vol. %) were chosen. The saffil
alumina fibre preforms (cylindrical cross-section of diameter 70 mm and height 35 mm) were
pre-heated prior to being inserted into the hot die. The standardization of melting and casting
parameters (Recommended practices 1965), such as: (a) melt temperature, (b) melt holding
time, (c) die temperature, (d) preform temperature, (e) pressure applied during squeezing,
and (f) pressure holding time was initially optimized. The necessity for such standardization
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Table 1. Recommended chemical composition of alloy AM100.

Element Al Mn Zn Si Cu Ni Mg

Weight% 93-107 013min 030max 03max Olmax O00lmax Balance

comes in the wake of their influence in governing the overall quality of the final casting. The
resultant composite is denoted as AM10Q/d/xxf, wherexx denotes volume fraction of
the reinforcing phase anfirefers to the nature of the reinforcing phase, i.e., fibres.

High purity magnesium, free from dust and contamination, was charged in a crucible of
silicon carbide (SiC) kept in an electric resistance furnace. The entire charge was covered with
a thin sheet of aluminum foil prior to initiation of melting. The temperature of the furnace was
maintained at 65. Graphite powder was used as a cover for melting the alloy. Graphite
aids in minimizing oxidation of magnesium by excluding oxygen and creating a protective
atmosphere inside the furnace. Upon initiation of melting of pure magnesium, the temperature
of the furnace was raised to 72ZD. The required quantity of aluminum was added and the
resulting melt thoroughly stirred. With progressive melting the furnace temperature was raised
to 780C and the melt was held at this temperature for 10 minutes during which period the
required amount of manganese was added. It was then skimmed to remove the oxides and
impurities. The molten metal was continuously stirred in order to (a) ensure a near-uniform
distribution of alloying elements, and (b) prevent the elements from settling at the bottom on
account of their higher density.

Prior to pouring, a mixture of boric acid and sulphur was sprinkled on the melt surface. This
aids in preventing spontaneous oxidation of the surface of the molten metal. The melt was
then poured into the pre-heated die (coated with colloidal graphite) and mounted on the table
ofthe squeeze-casting machine. The punch was lowered into the die and pressure was applied.
The pressure applied was 40 MPa for a duration of 30 seconds. For the AM10g/Ak f
composite the pressure and time duration of its application were held constant at 40 MPa
for 30 seconds. The chosen pressure and time were optimized from a combination of data
published in the open literature and initial experimental trials. The solidified casting was then
ejected from the die.

Composites for all the three volume fractions of the alumina fibre reinforcenirgni=(

15%, 20 % and 25 %) were produced under identical conditions of pressure and holding time.
The only additional feature in producing the composites is that the preform was located in
the die prior to pouring the molten metal. The preform was heated to a temperature higher
than the melt (850C) so as to prevent premature solidification. A schematic of the preform
used is shown in figure 1. Prior to pouring the molten metal, the preform was placed inside
a preheated die cavity. This was followed by: (a) pouring of the melt, (b) application of
squeeze pressure for infiltration, and (c) solidification. The solidified casting of the AM100/
Al,O3/xxf composite was eventually ejected. The die and punch were made from hardened
steel (EN24) and the die was preheated using a portable heater. The specifications for the
squeeze casting equipment are:

Press capacity: 50tons
Approach speed: 100 mm/s
Return force: 25tons
Pressing speed: 1 to 10 mm/s



Influence of processing and reinforcement on microstructure 513

(a) 1Ir_ FUMCH (b)
s TR e =
ﬂ “ MOLTEN
- METAL
©) PUNCH (d) —
| —
Al o WV
B
'

EJECTOR

Figure 1. Schematic showing the sequence of steps during squeeze casting opg@)d@i@heated
die and punch(b) Molten metal poured into the die cavitfc) Application of squeeze pressure.
(d) Ejection of solidified casting.

The process sequence and process parameters used for the production of alloy AM100 and
the composites are shown in figure 2.

Both the unreinforced alloy and the reinforced composite counterparts were heat-treated.
The heat treatment sequence essentially involved an interrupted solution heat treatment of the
product at 410C for 18—24 hours. This was broken up into several intervals with intervening
cooling periods: (a) 41 for 6 h, (b) 350C for 2-3 h, and (c) 41 for 12-14h (ASTM
B 661 1993; AFS 1965). This was followed by quenching. The quenched samples were then
artificially aged at 225C to facilitate improvement in properties.

3. Experimental characterization

3.1 Microstructure study

Metallographic samples were cut from the unreinforced and reinforced samples of alloy
AM100 after heat treatment. The cut samples were then mounted in Bakelite, and mechani-
cally ground on progressively finer grades of SiC impregnated emery papers using water as
the lubricant. The mounted and ground samples were then mechanically polished using one-
micron size alumina powder suspended in distilled water. Final polish to near-mirror finish
was achieved usingB-micron alumina powder suspended in distilled water. Reinforcement
morphology and its distribution in the magnesium alloy metal-matrix and other key observable
microstructural features were examined using: (&) an optical microscope (Model: Leitz Met-
allovert D) and photographed using bright-field illumination technique, and (b) a scanning
electron microscope (JEOL JSM-840A) to facilitate high magnification observations of the
size, intricacies in morphology and nature of distribution of the reinforcing phase (fibres) in
the metal-matrix.
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Figure 2. Flow chart depicting the process sequence and key process parameters governing the
production of alloy AM100 and its composite counterparts.

3.2 Densities and Young's modulus

Densities of unreinforced alloy (AM100) and composite counterparts (AM190Xk x 1)

were determined based on weight-loss measurement using the specific gravity bottle method.
Young’s modulus values were independently assessed using the ’elastosonic’ equipment,
which is based on the principle of ultrasonic non-destructive testing (NDT).

3.3 Hardness

Hardness of the unreinforced alloy (AM100) and composites (AM1Q@WAlxx f), subse-
guent to heat treatment, was determined using the Brinell hardness test machine. The indenter
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used was a 10-mm steel ball and the applied load was 500 kgf. An optimum aging sequence
was established for both unreinforced alloy and reinforced counterparts. It was observed that
the AM100/ALO3/xx f composites took less time to reach peak hardness when compared to
the unreinforced counterpart (AM100).

3.4 Impact tests

Impact tests were conducted using a fully instrumented Tinus—Olsen test machine (model
number: 84). The machine can provide a range of impact energies fidrd 360 J.

The mass of the hammer chosen was/Xg and the striking velocity range waslOn/s to

5.1 m/s. Three experiments were conducted on both unreinforced alloy and composites at (a) a
constant striking velocity of-5 m/sec, and (b) a striking impact energy € 1. The software
(INSTRON: Dynatup) provided plots of (a) variation of load with time, and (b) variation

of absorbed energy with time. Charpy impact tests were conducted on both unnotched and
notched specimens of unreinforced and reinforced magnesium alloy. Test specimens measured
50 x 10 x 10 mm. The notch had a depth of 2 mm and a notch tip radius0O@ram.

3.5 Failure damage analysis

Fracture surfaces of the deformed and failed impact samples were examined in a scan-
ning electron microscope (SEM) [Model JEOL-JSM-84A] to (a) determine the macroscopic
fracture mode, and (b) characterize the fine-scale topography and establish the microscopic
mechanisms governing fracture. The distinction between the macroscopic mode and micro-
scopic fracture mechanisms is based on the magnification level at which the observations are
made.

4. Results and discussion

4.1 Microstructure

Microstructures of alloy AM100, in the as-cast condition, produced by gravity die-casting
and squeeze casting are shown in figure 3. When compared to its gravity die-cast counterpart,
microstructure of the squeeze-cast AM100 alloy reveals an overall refinement in grain size
coupled with absence of porosity. These features are attributed to the high applied pressure

Figure 3. Optical micrographs of alloy AM100 in the as-cast condition showing microstructure of
die cast samplé), and squeeze cast sami.
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Figure 4. Scanning electron micro-
graphs of the alumina short-fibre reinforced
(volume fraction = 20%) magnesium
alloy composite produced by the squeeze-
infiltration technique.

used in the squeeze-casting process. Under the influence of an applied pressure, there is no air-
gap formation between the solidifying metal and die-wall interface. This aids in dramatically
enhancing the local heat transfer rate across the die surface, resulting in rapid solidification
of the liquid metal. The applied pressure also aids in increasing the solubility of gases in the
melt thus trapping the gases in solution. This helps in preventing the nucleation of bubbles in
the melt with concomitant elimination of micro-porosity.

A representative microstructure of the squeeze-infiltrated AM10 alloy reinforced with 20
vol.% of alumina fibres is shown in figure 4. A near-uniform distribution of the alumina short-
fibres through the magnesium alloy metal-matrix with no distinct evidence of clustering, or
agglomeration is observed. This proves the effectiveness of the squeeze-infiltration technique
for producing composite microstructures. No visible compression of the preforms occurs
during the application of pressure. Presence of compression leads to the occurrence of fibre
clustering and eventual damage through breakage, thereby lowering the mechanical properties
of the composite.

In the as-cast condition, aluminum is present both in solid solution with the matrix and
precipitated as the MgAl1» phase that is present both at and along the grain boundaries.
Earlier studies on Mg—Al-Mn alloys Lundet al (1989); Jayalakshmi 2002 revealed that the
eutectic network consists of (a) primary alpha (Mg-matrix), and (b) beta phasgAMg
present along the grain boundaries. Aging the as-cast material enhances precipitation of the
beta phase (MgAl 1) along grain boundaries. The precipitation sequence for alloy AM100
is summarized in table 2. Figure 5 is a scanning electron micrograph of alloy AM100 showing
fine precipitates dispersed along the grain boundary.

4.2 Aging response

Aging responses of the squeeze cast and die-cast samples are compared in figure 6. Squeeze-
cast specimens exhibit observable increase in hardness and concurrent decrease in aging time

Table 2. Precipitation sequence for alloy AM100 (Polmear 1980).

Alloy system Precipitation sequence

Mg-Al Super saturated solid solutier (SSSS)
Mg,-Al 12 (equilibrium precipitate)
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Figure 5. Scanning electron micrograph of
alloy AM100 showing the region of matrix,

— p eutectic and presence of M@\l 1> precipi-
BES 12KV K1 SBE 1dva NDZY tates along the grain boundary.

toreach peak hardness. This is attributed to the conjoint and mutually interactive influences of
(a) grain refinement by squeeze casting, and (b) the formation and presence of;{iA¢:1Mg
precipitates both at and along the grain boundaries. Fine grain size and distribution of these
precipitates both within the grain and at grain boundaries contributes to acceleration of the
aging response. This is responsible for the observed improvement in hardness of the squeeze-
cast specimen for short time periods. The aging response (variation of hardness with time)
of the AM100 composites for all three-volume fractions of the fibre-reinforcing phase in the
metal-matrix is shown in figure 7. In comparison with the unreinforced magnesium alloy
(AM100), a substantial improvement in hardness has been achieved in the reinforced metal
matrices. The increase in hardness of the composite microstructure is at least twice that of
the unreinforced counterpart.

It is interesting to note that in the reinforced magnesium alloy metal-matrix, as the vol-
ume fraction of alumina short-fibres in the magnesium alloy metal-matrix increases there is
a monotonic reduction in the time required to reach peak hardness. The addition of short-
fibre reinforcement to the magnesium alloy metal-matrix (AM100) increases the disloca-
tion density at the fibre—matrix interfaces (Neih & Karlak 1984; Luneleal 1989). This
is because of the differences in coefficient of thermal expansion (CTE) between the hard
and brittle reinforcing fibre and the soft and ductile metal-matrix. The presence of high dis-
location density at interfaces facilitates precipitation at these locations. The formation and

90 7

80 Squeeze Cast

Die Cast
70

60

Hardness, BHN

50

Figure 6. Influence of processing tech-
0 90 180 570 360 450 Nique on variation of hardness (BHN)
with aging time (minutes) for the unrein-

Aging Time, Minutes forced magnesium alloy AM100.

40
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‘ ‘ ! fraction on variation of hardness
0 10 20 30 40 (BHN) with aging time (minutes) for
Aging Time, Minutes alloy AM 100.

presence of precipitates at the fibore—matrix interfaces may be appreciated by comparing
micrographs of a single fibre in the as-cast state (figure 8a) and in the peak hardened state
(figure 8b). The micrograph in the peak-hardened state (figure 8b) reveals precipitates cover-
ing the surface of the fibre (a) and also at the fibore—matrix interfaces (b). Similar behaviour
of increased precipitation at interfaces was reported by Arsenault and co-workers (Neih &
Karlak 1984) for aluminum alloy 6061 reinforced with whiskers of silicon carbide. They
attributed this to increase in dislocation density at interfaces. Increase in dislocation density
strain hardens the metal-matrix locally and provides heterogeneous nucleation sites for pre-
cipitation, thereby accelerating the aging response (Neih & Karlak 1984; Arsenault & Shi
1986). Thus, an increase in volume fraction of the reinforcing fibres accelerates the aging

kinetics, bringing about observable increase in hardness and concurrent decrease in aging
time.

8057 20KV  X6.000  1vm WD4R

Figure 8. Scanning electron micrograph(@f) a single fibre in the as-cast condition, abjighowing a

single fibre in the peak hardened condition, revealing the presence of fine precipitates at the fibre—matrix
interfaces.
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Table 3. Density and elastic modulus of alloy AM100 and composites.

Fibre volume fraction ¥, %) Density (gm/cri) Modulus of elasticity (GPa)
Base alloy 179 46
15% 207 69
20 % 217 76
25% 229 85

4.3 Density and modulus of elasticity

The measured value of density of the base alloy (AM100) and the composite counterparts
[AM100/Al,0O3/xx f] are summarized in table 3. Density of the reinforced magnesium alloy
metal matrices is greater than the density of the unreinforced alloy (AM100), and increases
with increase in volume fraction of the fibre-reinforcing phase (short-fibres) in the metal-
matrix. The density of alumina fibres-@&g/cn?) is higher than the density of unreinforced
magnesium alloy (79 g/cn?). From the values of elastic modulus, determined by the elas-
tosonic non-destructive testing method (Busk 1987; Kial 1989), and summarized in
table 3, it is seen that the modulus of elasticity increases with fibre-reinforcement content in
the magnesium alloy metal-matrix. The inherently high stiffness of the reinforcing ceramic
fibres is responsible for higher modulus of elasticity, which increases with fibre content in
the metal-matrix.

4.4 Impact response

Impact tests were conducted on a fully instrumented Tinus—Olsen Charpy impact test machine
using a striking velocity of & m/s. The impact energies of alloy AM100 and its compos-

ite counterparts, for both notched and unnotched conditions, are compared in figure 9. For
both unreinforced alloy and composites the total energy consumed at fracture is more in

the unnotched condition when compared to the notched counterpart. In notched test speci-
mens, local stress concentration at the notch tip is conducive to failure during impact (Dieter

1988). This decreases the total energy required for failure of the test specimen. Further, it

®  Unnotched

. Notched

Total impact energy (joules)

Figure 9. \Variation of impact energy with
fibre volume fraction for alloy AM 100: com-
paring the unnotched specimen with notched
Fibre volume fraction (% V) specimen.

0 5 10 15 20 25



520 S Jayalakshmi et al

B Unnotched
0.9

@® Notched

Deflection at maximum
load (mm)

Figure 10. Variation of deflection at

‘ ‘ ‘ ' maximum load (mm) with fibre volume
0 > 10 15 20 25 fraction in alloy AM100 for both the
Fibre volume fraction (% Vy) unnotched and notched samples.

is also observed that for the unreinforced base alloy, for fracture to occur, the unnotched
specimen absorbs four times the energy absorbed by the notched counterpart. Such a vast
difference in the energy absorption capability prior to fracture is not observed for the com-
posite. However, the total impact energy reduces on addition of reinforcing fibres to the
metal-matrix and is independent of fibre volume fraction. Lim and co-workers @ial

1989) and Kainer and co-workers (Purazratgl 1991) showed that the brittle nature of

the reinforcing alumina fibre plays a significant role in degrading the impact energy of the
composite.

The variation of deflection (at maximum load) with short-fibre volume fraction is shown
in figure 10. Unreinforced alloys reveal much higher deflection at the maximum load than
reinforced composite counterparts. The inherently brittle nature and high stiffness of the
reinforcing fibres are responsible for the low deflections experienced by the composites prior
to catastrophic failure.

4.5 Impact fracture

Scanning electron microscope observations of the unreinforced alloy, in both the unnotched
and notched conditions, are shown in figure 11. In unnotched test specimens the fracture
surface reveals predominantly brittle intergranular failure (figure 11a). The intensity of inter-
granular failure increases for the notched test specimen with distinct evidence of cleavage-like
features (figure 11b). The fracture surface of the AM108DA) xx f composite, for both the
unnotched and notched conditions, is shown in figure 12. The composite material reveals evi-
dence of micro cracking through the reinforcing fibres (figure 12a). As the volume fraction
of the fibre reinforcement in the metal-matrix increases to 25 vol.%, failure occurs through
a combination of partial breakage and total rupture (figure 12b). For notched test specimen,
governing microscopic fracture mechanisms of the composite are intensified as seen in fig-
ure 13. In the composite, a large percentage of the reinforcing short alumina fibres have frac-
tured. This is evident as protruding lips observed as the broken ends of the fibre. As volume
fraction of the reinforcing fibres in the magnesium alloy metal-matrix increases, the fracture
surfaces reveal intense slicing of fibres (both across and along the length) along the impact
plane (figure 13b).
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Figure11. Scanning electron micrographs ofthe unreinforced alloy AM100 showing distinctevidence
of intergranular failure irfa) unnotched an¢b) notched samples.

Figure 12. Scanning electron micrographs of the reinforced (25%) alloy AM100 in the unnotched
condition, showinga) fine microscopic cracking through the fibres, gbjifibre failure by rupture
and decohesion at the interface.

%2, 380 1@vm WD32

Figure 13. Scanning electron micrographs of notched samples of alloy AM100 reinforced with 25
vol. % fibres, showing(a) fibre rupture or breakage, afio) slicing and decohesion of the fibres.
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5. Conclusions

(1) The technique of squeeze casting facilitates overall refinement in grain structure while
concurrently eliminating porosity and ensuring that the resultant casting is sound and
suitable for heat treatment. In reinforced magnesium alloy, the fibres are near-uniformly
distributed through the matrix.

(2) The presence of hard, brittle and essentially elastically deforming precipitategi
both at and along grain boundaries makes the metal-matrix intrinsically hard. On reinforc-
ing with short alumina fibres, the fibore—metal interfaces provide nucleation sites for pre-
cipitation, which enhances composite hardness while concurrently decreasing the aging
time to peak strength.

(3) Density of reinforced metal-matrix is higher than that of the unreinforced counterpart
(alloy AM100). Density increases with volume fraction of the reinforcing phase and is
attributed to the higher density of the reinforcing short-fibres.

(4) Modulus of elasticity of the reinforced metal-matrix is twice that of the unreinforced
counterpart (alloy AM100).

(5) While the presence of short-fibres in the soft metal-matrix enhances load carrying capabil-
ity of the composite microstructure, concomitant decrease in time available for load trans-
fer results in inferior impact resistance compared to the unreinforced counterpart. Further,
the presence of hard and brittle fibres degrades the ability of the composite microstructure
to deflect.
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