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Abstract:

In This study metal matrix composite (MMCs) was produced by using aluminum as base metal matrix reinforced
with the SiC particulates using conventional casting technique, macro structural studies showed that uniform
distribution of SiC particulates. The density of MMCs decreased with the increase in SiC wt%. The Hardness of
MMCs increased with the increase in SiC wt%, composites exhibit a significant acceleration in kinetics of
preciptation in compare with the unreinforced matrix alloy. A pin on disc wear testing machine was used to
evaluated the wear loss of composites. The results showed that wear rates of composites are lower than of the
matrix alloy and further decrease with increase in SiC particulate content.
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1. Introduction:

Metal matrix composites (MMCs) represent a new
generation of engineering materials in which a strong

ceramic  reinforcement material like SiC*??
AlL,O;®%%2229)  carhon  fiber®®, silca®  and
graphate®, these reinforcement material s

incorporated into a metal matrix to improve its
properties including specific strength and specific
stiffness 8 12 1319 \wear resistance™ 2 3 5 18 2L 25)
excellent corrosion resistance™ 22, and high elastic
modulus™ 2. MMCs combine metallic properties of
matrix alloys (high ductility and toughness) with
ceramic properties of reinforcements (high strength
and modulus), leading to greater strength in shear and
compression and higher service temperature
capabilities® 1011 12133624 'pyring last decade, the
improved properties of MMCs are being used
extensively for high performance applications in
aircraft engines, in automotive industry® and
electrical application®®. Silicon carbide (SiC)
reinforcements in form of fibers® 12 13 14.15.17.23) o
particles(l, 2, 3, 4,5 7, 8, 910,11, 16,18,19,20) are the most
common reinforcements in MMCs and their additions
to aluminum alloys have been the subject of a
considerable amount of research. The reinforced
composites are commonly Produced by different
techniques like; stir cast ™ ) squeeze @,
deposition® pressure infiltration®® 2 and  powder
metallurgy ¢ >, The purpose of the present work is
to produce the SiC particle-reinforced metal matrix
composites by cast. The SiC wt% was varied to
showed their effect on the mechanical and structural
properties of composites are investigated. Moreover,
the effect of SiC particle content on the density and
trabological properties are studied and correlated to
microstructure properties.

2. Experimental Procedure:

SiC particulate reinforced composites were produced
by casting. The matrix an alloy of the composite was
prepared, first by melting pure aluminum in an
electrical furnace and then 4% Cu in weight was
added to the melt. The matrix alloys were reinforced
by the same SiC particles size which was average
531m. All the melting was carried out in an alumina
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crucible in the electrical furnace. The furnace
temperature was heated to 730°C. Before mixing the
SiC particles were preheated at 700°C for 1 hour to
degazing and to prepare its surface to make good
wettablity with aluminum alloy. The furnace
temperature was first raised above the liquids to melt
the alloy completely and was then cooled down just
below the liquidus to keep the slurry in a semi-solid
state. At this stage the preheated SiC particles were
added and mixed manually. Manual mixing was used
because it was very difficult to mix using automatic
device when the alloy was in a semi-solid state. After
sufficient manual mixing was done, the composite
slurry was re-heated to a fully liquid state, and then
automatic mechanical mixing was carried out for
about 20 minutes at an average stirring rate of 200
rom. In the final mixing processes, the furnace
temperature was controlled to be within730°C. The
composite and the matrix alloys were poured in a
preheated permanent steel mould. The metal matrix
composites produced were exposed to solutionising
and age hardening heat treatment. The solutionising
treatment was applied for 20 hours at 500 °C, and age
hardening was done for 16 hours at175 °C.

Density measurements were carried out on the base
metal and reinforced samples. Density measurements
were carried out using Archimedes’s principle. The
buoyant force on a submerged object is equal to the
weight of the fluid displaced. This principle is useful
for determining the volume and therefore the density
of any shaped object, by measuring its mass in air and
its effective mass when submerged in water (density
= 1 g/cm®). This effective mass under water will be
its actual mass minus the mass of the fluid displaced.
The difference between the real and effective masses
therefore gives the mass of the displaced water and
allows the volume of the object to be calculated.
Mass divided by the volume thus determined gives a
measure of the average density of the object.

Bulk hardness (Brinell hardness) measurements were
carried out on the base metal and composite samples.
The hardness measurements were carried out in order
to investigate the influence of particulate weight
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fraction on the matrix hardness. Also it’s useful to
determine the effect of heat treatments which are used
for age hardening to get good precipitation hardening.
It’s determined with 10mm ball and under load of
500N exerted for 30 seconds.

The fact is that tribological properties are the one that
define possible application of material far more than
their mechanical properties, since they are in better
correlation with behavior in practice. The wear
specimens were tested under dry (unlubricated)
conditions in accordance with ASTM-G99 standards
using a pin-on-disc sliding wear testing machine. The
apparatus consists of a steel disc of hardness 320Hv
and diameter 250 mm, which is the counterface on
which the test specimen slides. The arrangement were
made to hold a specimen and also for application of
the load on the specimen. The test sample was
clamped in the specimen holder and held against the
rotating steel disc. In present investigation, loads of
49N, 9.8N and 14.7 N was used .The speed was
varied from 100, 200 and 300m/min. the sliding
distance used was 3000m. The composite sample was
machined on lathe to prepare ®10mm x 25mm rod
samples. One surface of each sample was ground
with 240, 400, 500, 800, 1200 grit abrasive paper,
cooled with water, then polished with diamond pastes
of 3um, 1pm, 0.25um. Then samples were degreased
by ethanol and dried was ground with 400,500 grit
silicon carbide papers. The disc rotational speed was
500 r.p.m that means a linear velocity of 100, 200,
and 300 m.min-1 which was calculated using the
formula (V=27 x r x n). The specimen was weighed
before and after the tests using an electronic balance
accurate to 0.0001 g. The dry sliding wear loss was
computed using the weight loss (AW) g of the pin
before and after the experiments. Wear rates were
calculated by the weight loss measurement of the
sample. The formula used to convert the weight loss
into wear rate is (AW / linear distance) mg.cm-1. The
surfaces of the worn specimens were cleaned
thoroughly to remove the loose wear debris and then
observed using a photo microscope. Since the
hardness of the counterface (steel disc) was far higher
than that of the specimens and its wear volume was
very small therefore there effect was neglect.
Metallographic samples were sectioned from the cast
bars and were prepared. Microstructures were
examined on the samples under the optical
microscope.

3. Results and discussion:

The density of the composites was measured. Fig. 1
shows the effect of SiC content on the value of
density was decreased. Its expected result because
with increasing the weight percentage of SiC, the
porosity of the composites increases. This may be due
to the increase of stirring time required to disperse the
SiC which increases the air bubbles entering the
slurry.
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Figure (1) the SiC wt%o as a function to the density
of the reinforcement alloys.

Fig(2) and Fig(3) show microstructure of MMCs with
SiC  particles  distribution in  the  matrix.
Microstructure shows that there is no void or
discontinuities and reasonable uniform distribution of
SiC particulates.
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Figure(2) Microstructure of cast composites Al-
4% Cu/4% SiC showing homogeneous SiC
distribution , 540X
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Figure(3) Microstructure of cast composites Al-
4% Cu/8% SiC showing homogeneous SiC
distribution , 540X
Figure(4) shows the age hardening curves for the
matrix alloy and reinforcement alloys. It was found
that, the addition of SiC particle to the matrix alloy
reduces the time required to reach the peak hardness
as compared to the matrix alloy (4-6) hours for
composites and (9-10) hours for matrix alloy. Also,
increasing the weight % of SiCp reduces the time
required to reach the peak hardness. It was found that
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addition of SiC particle to the matrix alloy increased
the hardness and this increase was maintained during
the different stages of artificial aging. The highest
hardness value of 102 HB was observed for the
reinforcement alloys having 12% wt SiC particle. The
accelerated aging behaviour observed in the present
investigation may be a result of an increased
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dislocation density in the vicinity of SiC particle,
which is due to a large difference in the coefficient of
thermal expansion between SiC particle and the
matrix. The higher dislocation density can both aid
the diffusion of solute atoms and serve as nucleation
sites, thereby leading to a more rapid precipitation
process.
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Figure (4) the aging time as a function to the hardness of matrix alloy and reinforced alloys

From the figure (4) in all cases after a different time
the hardness reached the maximum value but when
the time was increased the hardness decreased
because the distribution of copper atoms changes
with time from random to the disk like planar
aggregates (GP) zones, which form on particular
crystallographic planes of the aluminum matrix. At
higher temperatures, transition forms of approximate
composition Al,Cu develop and further increase
strength. In the highest strength condition, both the 0"
and 0' transition precipitates may be present. When
time and temperature are increased sufficiently to
form high proportions of the equilibrium 0, the alloy
softens and is said to be "over aged."

The GP zones are of the size range of tens of
angstroms in diameter. They are essentially distorted
regions of the matrix lattice, rather than discrete
particles of a new phase having a different lattice.
The equilibrium solid solubility of copper in
aluminum increases as temperature increases. When
the alloy is held at such temperatures for sufficient
time to permit needed diffusion, the copper will be
taken completely into solid solution. At temperatures
below the solvus, the equilibrium state consists of
two solid phases: solid solution, o, plus an
intermetallic-compound phase 6(Al,Cu). When such
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an alloy is converted to all solid solution by holding
above the solvus temperature and then the
temperature is decreased to below the solvus, the
solid solution becomes supersaturated and the alloy
seeks the equilibrium two-phase condition; the
second phase tends to form by solid-state
precipitation.

Super-Saturated Solid solution [ !GP zones [ 10" 0'

G(Alzcu)

The results of wear studies on SiC particulate
reinforced Al-Cu/SiC MMCs is shown in figure (5)
and figure(6) . The results revealed that the losing in
the weight would decrease as the SiC content were
increased. In all the test results it’s evident that the
resistance to wear increases with increasing SiC wt%
also the amount of wear increases with increasing
normal load the sliding wear behavior of MMCs for
various normal loads is shown in the figure (5), with
increasing normal load MMCs underwent a transition
from mild to severe wear. Variation in sliding
velocity was achieved to study the wear behavior for
the various sliding velocities. Figure (6) shows that
the amount of wear increased with increasing sliding
velocity especially for matrix alloy, it was changed
from mild to severe wear with increasing the velocity
which is expectable.
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Figure (5) Weight loss of MMCs samples as a function of wt% of SiC with using different load (4.9, 9.8,
14.7) N and sliding distance 3000m for 30 minute.
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Figure (6) Wear rate of MMCs samples as a function with wt%o of SiC at sliding speed (100, 200, and 300)
m/min with 9.8 N loads for 30 minute.

Figure (7) showed number of grooves, mostly parallel
to the sliding direction is evident on all the worn pins.
Grooving appears more severe at the higher loads of
14.7N. Grooves were less severe for lower loads
lower speeds, the hard asperities of steel counterface
or hard reinforced particles in between the contacting
surfaces, plough or cut into the pin causing wear by
the removal of small fragments materials. As the load
increses further cracking occurs and cumbination of
abrasion, delamition and adhesion wear observed.

Figure(7) The wear surface of Al-4%Cu/4%SiC

composite at speed of 100m/min and load 9.8 N
after runningfor a distance of 3000m.

4. Conclusion:

1. Composites exhibit a significant acceleration in

kinetics of preciptation in compare with the

unreinforced matrix alloy. This acceleration is

attributed to adecrease in the incubation time required

to achieve the peak hardness.
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2. The addition of SiC to Al-4%Cu alloy increases the
hardness of reinfocement alloy with increasing SiC
content.

3. The SiC particle reinforced exhibted reduced dry
sliding wear loss than the unreinforced alloy. The
wear loss decreased with increasing in SiC content.

4. The dry sliding wear loss of composites as well as
the matrix alloy increased with the increase in the
liner speed of the movement and load applied.
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