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Structural composite materials offer an excellent opportunity to produce components that achieve weight
savingsand improved mechanical properties. Thispaper describesa chilled Al-quartz particulate composite
that can be cast using metallic and nonmetallic chill blocks, much like nonreinforced aluminum, using
conventional aluminum casting equipments. Unlike other metal matrix composites (MM Cs), this material
is produced economically by a ssimple ingot metallurgical process. An overview of the production process
is given along with the techniques used for fabricating the chilled composite. The material’s mechanical
properties, particularly its strength, wear resistance, fracture toughness, and hardness, are discussed in
some detail. These properties offer attractive design opportunities for a variety of automotive, aerospace,
and structural applications. The composite developed is shown to provide significant weight savings
over ferrous metals. The present investigation aims at producing cast aluminum alloy-quartz particulate
composites in molds, containing metallic and non metallic chill blocks, by dispersing quartz particles in
molten aluminum alloy, above the liquidus temperature, the size of the particles dispersed being between
60 and 100 um. The dispersoid being added ranges from 3 to 9 wt.% in steps of 3%. The resulting

composites cast using chill blocks were tested for their mechanical properties.

Keywords aluminum composites, chill block, composite, frac-
ture toughness, metal matrix, wear

1. Introduction

Reinforcing an aluminum alloy with quartz particles yields
a material that displays physical and mechanical properties of
both the metal and the quartz. For example, the toughness and
formability of aluminum can be combined with some of the
strength, hardness, and wear resistance of quartz particles.™

It seems probable that metal matrix composites (MMCs)
will replace conventional materials in many commercial and
industrial applicationsin the 1990s.1-° However, their primary
disadvantages for automobile applications are their inferior ten-
sile strength, ductility and poor fracture toughness and fatigue
performance, compared to those of the constituent matrix
material 1671

2. Literature Review

2.1 Freezing of Aluminum Alloys

Itiswell known that Al composites freeze over awiderange
of temperature and are difficult to feed during solidification.[®
The dispersed porosity caused by the pasty type of solidification
of large solidus-liquidus range aloy castings can be effectively
reduced by the use of chill blocks. Chill blocks extract heat at
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a faster rate and promote directional solidification. Therefore,
chill blocks are being widely used by the foundrymen in the
production of quality castings.®*® There have been several
investigations'*6-24 on the influence of chills on the solidifica-
tion and soundness of large solidus-liquidus range alloy cast-
ings. The present investigation was undertaken because it was
apparent from the literature survey that this subject had not
been dealt with so far.

2.2 Microporosity in Aluminum Composites

The Al-based composites, widely used in aerospace and
automotive industries, are prone to unsoundness in the form of
microshrinkage. Microshrinkage or dispersed porosity in the
composite can be minimized by the judicious location of chill
blocks.?® J. Redemske, et al.,!? pointed out from their investi-
gation that chilling has an effect on the structure, properties,
and soundness of Al alloy castings.

The primary and the most important aspect to be considered
in a casting process is the solidification of the casting, because
solidification shrinkage contributes substantialy to the prob-
lems faced during the feeding of castings. In the case of sand
molds, the pasty zone poses severe problems; the solution to
the problems should aim at establishing a steep temperature
gradient during solidification. This can be doneby incorporating
chill blocks located at predetermined places in the mold. The
use of achill block inthe mold seemsto be the most popular and
the simplest way of establishing a steep temperature gradient in
the casting during solidification. When placed judiciously in
the mold, the chill block acts as a heat sink through which
heat transfer takes place and also establishes steep temperature
gradients along the desired direction and in the desired
location.[2627]
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Tablel Chemical composition of the alloy

Elements Zn Mg S Cu Fe Al

Wt.% composition  3.01 3.00 Traces Nil 0.001 93.989

2.3 Volumetric Heat Capacity of the Chill Block

The ability of the chill block to extract heat from the molten
metal during freezing of the casting is dependent on the size
of the chill block and the properties of the chill block material.
In other words, the capacity of the chill block to absorb heat
from the casting is taken as a measure of its efficiency. The
volumetric heat capacity (VHC) of the chill block, which takes
into account the volume, specific heat, and density of the chill
block material, has been identified as an important factor in
evaluating its efficiency.

VHC =V X C, X p

where

V = volume of the chill block,
C, = specific heat of the chill block material, and
p = density of the chill block material.

It is obvious that a higher value of any one of the factors
V, Cp, and or p increases the value of VHC, thus enhancing
the chilling. On placing a chill block in the mold, heat transfer
takes place through the meta-chill interface during
solidification.

2.4 Relevance of the Investigation

The Al aloy composites have the potential to replace other
costlier material in many significant engineering applications.
The requirements concerning safety and reliability are always
on the increase, and therefore, the mechanical properties are
ever more crucia. From the literature survey, one can easily
infer that no investigation has been carried out so forthus far
regarding theinfluence of metallic and non-metallic chill blocks
on the mechanical properties of the Al-quartz particulate com-
posite. Because there are presently no published data on Al-
quartz chilled composites, the present investigation is intended
to fill the void.

3. Experimental Procedure

3.1 Fabrication of Al-Quartz Chilled Composite

Chemical Composition. Chemical composition of the alu-
minum alloy used as the matrix materia is given in Table 1.
In thisinvestigation, quartz particles of 3, 6, and 9% by weight
were dispersed in the matrix. The chemical composition and
properties of quartz particles are as follows. density, 2.9 gm/
cc; hardness, 310 BHN; chemical composition, SiO, and size
distribution of quartz particles, 60 to 100 um.

Chilled Composite Preparation Procedure. The dloy is
introduced into a bottom pouring composite melting furnace.
After melting the charge at around 750 °C (heated in an inert
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(A dimensions Ore in mm)

Fig. 1 Experimental setup for production of Al-quartz chilled
composite

atmospherefor 45 minutes at 700 °C), preheated quartz particles
at 700 °C are introduced evenly into the molten metal by means
of feeding attachments. During this process, the molten metal
is well agitated by a mechanical impeller to create vortex
motion. The speed of the impeller is maintained at 760 rpm.
The process of dispersing the particles is completed within 1
minute. After the complete injection of the dispersoids, the
molten metal isagain stirred for afew seconds. L ater, at 740 °C,
itispouredinto amold containing different typesof chill blocks.

The molds for the plate type of castings 225 X 150 X
25 mm (American Foundrymen Society (AFS) standard) were
prepared using silica sand with 5% bentonite as binder and 5%
moisture, and finally, they were dried in an air furnace at a
temperature of 80 °C. The dispersoid-treated Al alloy was
poured directly into themold at apouring temperature of 740 °C,
which was cooled from one end by a chill block set in the
mold, as shown in Fig. 1.

4. Testing Procedure

4.1 Strength Test Procedure

The specimens for the strength test were taken from various
locations in the casting, namely, the chill block end and 75,
150, and 225 mm from the chill block end, the later being at
the riser end. Tension tests were performed using an Instron
tension testing machine on AFS standard tensometer specimens.
Each test result was obtained from an average of at least three
samples of the same location. Soundness of the test castings
was assessed by determining the percentage porosity and the
ultimate tensile strength (UTS).

4.2 Microstructural Examination

Microscopic examination was conducted on al the speci-
mens using a scanning electron microscope (SEM) and an
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Fig.2 Diagram of abrasive wear tester

optical microscope. Various etchants were tried, but dilute Kel-
lers etchant proved to be the best and therefore was used.

4.3 Wear and Hardness Test Procedure

Dry wear tests were conducted using the spindle type of
wear tester at room temperature. Specimens for the wear and
hardness tests were selected at the chill block end of the casting.
Figure 2 shows the schematic diagram of the spindle type of
wear testing machine. Specimens with dimensions 50 X 20 X
60 mm were machined perpendicular to the direction of the
applied pressure. Their surfaces were polished by emery paper
(# 600) to achieve uniform surface condition. Oil- quenched
SCM 4 were was used as the countermaterial discs. Here, SCM
4 is equivalent to AlISI 4140. An electronic balance able to
weigh up to 1075 g was used to measure the weight loss of
composites. Wear tests were performed under the following
conditions: final load, 145 N; dliding distance, 400 m; and
various sliding speeds, 0.52, 1.15, 1.98, and 3.64 m/s respec-
tively. After the wear tests, wear surfaces were examined with
an SEM. Hardness tests were performed on the wear samples
with a Rockwell hardness testing machine (B scal€).

4.4 Fracture Toughness Test Procedure

Fracture toughness tests were performed using a closed-loop
Instron servo-hydraulic material testing system. The method of
testing involves three-point bend testing (in accordance with
ASTM E 399 1990 standards) of a machined specimen that
has been precracked by fatigue. Fully reversed push-pull, total
strain controlled, tension-compression (R = —1) fatigue tests
were performed. The tests were performed in a controlled labo-
ratory air environment (temperature, 26 °C; and relative humid-
ity, 56%). An axial 12.5 mm clip-on extensometer was attached
to the gauge section of the test specimen to control the total
strain. From the load, the stress intensity factor K, (which is
ameasure of the fracture toughness of the material) was calcu-
lated using equations, which that have been established on the
basis of elastic strain anaysis. The validity of this method
depends on the establishment of a steep crack condition at the
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Fig. 3 Plot of UTS vs distance aong the length of the casting for
different chill block materials (dispersoid content 6 wt.%, cast using
copper chill block of 25 mm thickness)

Table2 UTS of Al-quartz chilled composite for
different weight percentages of dispersoid cast using
different chill materials (chill block of 25 mm thickness)

UTS, MPa (near the chill block end)

Material of 3wt.% 6 wt.% 9 wt.%
chill block dispersoid dispersoid dispersoid
Copper 116 134 129
Steel 114 128 122
Cast iron 102 125 119
Silicon carbide 97 119 112

tip of the crack in a specimen of adequate size. All the ASTM
validity conditions were fulfilled in this experiment.

5. Results and Discussion

5.1 UTS of the Composite

Table 2 shows the UTS for composites near the chill end
cast using different types of chill blocks. For al the end chilled
plate castings, the UTS of a tensometer specimen was plotted
against the distance of the location of the specimen from the
chill block end of the casting, as in Fig. 3. Further, it may be
observed that the effect of increasing the VHC of the chill
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Fig. 4 Plot of UTS vs VHC for different chill block materials
(dlispersoid 6 wt.%, cast using copper chill block of 25 mm thickness)

block (refer to Fig. 4) isto increase the UTS aong the length
of the casting.

From Fig. 5, it can be seen that the relationship between
percentage porosity and UTSisnonlinear. If atensometer speci-
men were pore freg, its strength would be the strength UTS,5,
of atensometer specimen machined from the maximum density
specimen of the composite.?®-3% And if the tensometer speci-
men, for the sake of argument, were 100% porous, its mechani-
cal properties would be zero. Hence, the extreme points of the
percentage porosity values versus UTS will be (100, 0) and
(0, UTSha0)-

An equation of the form (%P/100)%47 + (UTSUTS5,)%* =
1 was fitted to the experimental data using computer.

Figure 5 indicates that UTS decreases with the increase in
percentage porosity. Further, on plotting the data of an earlier
investigation by other authors on the effect of end, wedge, and
combination of end and wedge chill blocks on the soundness
of bar-shaped castings,*-%3 along with the results of the present
investigation on plate castings, as shown in Fig. 5, it can be
seen that al the points lie within the same band. This implies
that, for large solidus-liquidus range alloys, the mechanical
properties follow density a pattern.3® A certain amount of
scatter is also observed in the figure. In order to explain this
scatter, test specimens were taken along the length of the test
castings and were subjected to a systematic macro- and micro-
examination. Results of the micro- and macroexamination indi-
cate that the shape of the pores and the distribution of the pores
in the test specimens are very much dependent on the position
of the specimens with respect to the chill block end and the
material of the chill block used. Moreover, tensometer speci-
mens occupy asmall portion of the cross section of the casting,
which may result some at times in a smaller or greater number
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Fig.5 Plot of UTS vs percentage porosity along the length of the
casting (dispersoid 6 wt.%, cast using copper chill block of 25 mm
thickness)
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Fig. 6 Engineering stress-strain diagram of the composite cast using
copper chill block of 25 mm thickness (dispersoid content 6%)

of pores in the tensometer specimens and hence the scatter.
Other researcherd®*% on Al alloy castings reported a similar
relationship. Figure 6 shows the complete stress-strain diagram
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Fig. 7 Microstructure of Al-quartz chilled composite (3 wt.% disper-
soid, cast using copper chill block of 25 mm thickness)

Fig. 8 Microstructure of Al-quartz chilled composite (6 wt.% disper-
soid, cast using copper chill block of 25 mm thickness)

of the composite cast using a copper chill block of thickness
25 mm thickness.

In this study, however, the incorporation of quartz as the
dispersoid and chilling aimed at improving the wear properties
and the mechanical propertiesy such as UTS is also seen.

5.2 Microstructural Observation of the Composite

Microstructural observations of the composite reveal good
bonding and good distribution of quartz particles throughout
the matrix with none-affective interfacial reaction (refer Fig. 7
and 8). However, tearing is observed at some places. Micro-
structural observation also indicated that Mg was seen to have
migrated to the grain boundaries and particle matrix interfaces;
this effect plus and chilling are the possible reasons for good
bonding. The most unique feature of chilling the composite in
this investigation is the apparent pushing of the solid-liquid
interface during solidification and carrying away of the migrated
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Fig.9 Effect of dliding speed on wear behavior of Al-quartz
chilled composite

Table3 Hardness of Al-quartz chilled composite for
different weight percentages of dispersoid cast using
different chill materials (chill block of 25 mm thickness)

Hardness Rockwell B scale
(near chill block end)

Material of 3wt.% 6 wt.% 9 wt.%
chill block dispersoid dispersoid dispersoid
Copper 87 93 89
Steel 81 86 82
Cast iron 80 83 80
Silicon carbide 72 73 71

alloying elementsinto the grain boundaries, |eaving dispersoids.
Thismay be one of the main reasons for the increase of strength
and soundness of the composite devel oped.

5.3 Wear Behavior

Because the wear resistance of Al alloysis poor, their appli-
cations as structural materials and automabile parts are often
limited. It has been demonstrated by abrasive wear tests under
diverse conditions that the wear resistance of MMCs is
improved remarkably by the incorporation of hard particles
(quartz). Table 3 shows the hardness of composites near the
chill block end cast using different types of materials.

Figure 9 shows the effect of diding speeds on weight loss
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(volume) of Al-quartz composite containing different percent-
ages of quartz particles under a final load of 145 N with a
sliding distance of 400 m at various sliding speeds. 0.52, 1.15,
1.98, and 3.64 m/s. On the whole, above the dliding speed of
1.15 m/sec, the wear resistance of the composite improved
remarkably. Thisis due to the bonding of quartz particles with
the matrix, which can endure the friction force generated on
the wear surface. Thus, friction force plays an important role
in wear behavior, especialy in abrasive wear. Generaly, the
higher the friction force generated, the worse the wear
resistance.[*

In the Al-quartz composite, the weight loss of the composite
increased continually up to 1.98 m/sec. But, above the dliding
speed of 1.98 m/s, the wear loss of the composite increased
abruptly. That is, the wear behavior of the composite devel oped
changed along with the dliding speed. It means that the major
wear mechanism of the composites developed by chilling is
strongly dependent upon the sliding speed. The major wear
mechanisms of the chilled composite are abrasive and adhesive
wear at sliding speeds up to 1.15 n/s; therefore, an Al-quartz
chilled composite is worn by the force of friction generated on
the wear surface. Above the dliding speed of 1.15 m/s, the
major wear mechanism is shifted to melt wear because of the
rise of temperature on the localized wear surface. Consequently,
an Al-quartz chilled composite starts to be worn out abruptly.
Therefore, the melt wear becomes the major mechanism of
wear due to the rise of temperature on the specimen. But the
high thermal stability of the composite developed is due to the
addition of quartz as dispersoid, and chilling allows only slight
deterioration of the wear resistance, compared with unchilled
composites with aluminum as the matrix.

5.4 Wear Surface Analysis

The above wear behavior can be explained based on micro-
structural analysis as follows. Figure 10 represents the overall
wear surfaces of the Al-quartz chilled composite containing
6% dispersoid, chilled using copper end chill block at various
sliding speeds, 0.52, 1.15, 1.98, and 3.64 m/s, under a final
load of 146 N and with a diding distance of 400 m. Overall
wear surfaces of the specimens show a similar trend except at
the sliding speed of 1.98 m/s. At a low sliding speed of 0.52
m/s, it was found that abrasive wear was dominant in ploughing
and grooving, as indicated by the mark K. That is, the shapes
of stripes on the wear surface seem to progressively increase
because of abrasive action between the wear specimen and
counter material, which might be due, to the high friction force
applied on the wear surface.

Compared with Fig. 10(a) and (b), the surface damage in
3% quartz composite is more severe than in those containing
6% quartz. That is, at low dliding speed, the 6% quartz content
composite formed grooves by the shearing action of the friction
force generated on the wear surface. However, the wear surface
of 3% quartz content composites exhibited a number of deep
wear grooves. It can thus be considered that, at low dliding
speed, the frictional forces of composites are large enough to
fracture and pull out the dispersoids from the matrix, and these
particles abrade the wear surface of the composite developed.

At an intermediate sliding speed of 1.98 m/s, the damaged
section on the wear surface of the composite is shown in Fig.
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10(c) and 10(d). Wear debris and distorted surfaces with 3%
quartz content composites are more distinguished than in com-
posites with 6% quartz content. From the wear surface, it can
be regarded that wear debris and a distorted surface play an
important role in wear behavior, i.e., wear progresses by their
formation and growth. The formation and growth of this dis-
torted section areillustrated using M and N by an arrow, respec-
tively. The distorted section and debris are formed at the locally
fractured area of the matrix alloy. This localized fracture is
caused by highly localized friction forces, which have form the
non uniform surface of the counter material and defected areas
of the wear surface. The growth of the damaged section is
advanced by the fracture of the wear surface. Wear surfaces of
3% quartz composite show that abrasive and adhesive wear is
the dominant wear mechanism at intermediate sliding speeds.
By contrast, the wear surface of 6% quartz composite is com-
pletely different from that of the 3 % quartz chilled composite.
That is, the wear surface of 6% quartz chilled composites,
abrasion of dispersoids, and the matrix is are seldom observed
due to the remarkable reduction of friction forces applied to
the wear surface. Figure 10(d) illustrates an aluminafiber being
pulled out (see shown by the arrow) and being struck on the
wear surface.

Asthe dliding speed increases, adhesive and slip phenomena
al so appear at the high sliding speed of 3.68 m/s. Here, removed
materials can determine adhesive wear and slip phenomena can
aso be found in the wave patterns of materials. The removal
of the material seems to be accelerated by fractures of short
alumina fibers and the matrix, which might be due to the high
friction force applied on the wear surface. Wear surfaces of 3%
quartz copper chilled composite and 6% quartz copper chilled
composite at a diding speed of 3.68 m/sec are shown in Fig.
10(e) and (f), respectively. Localized melted areas owing to the
rise of temperature are observed in both the composites. As
shown in Fig. 9(e), wear of 3% quartz chilled composite seems
to start by localized melting of the surface and to proceed by
delaminations from the large plastic deformation of the matrix.
In the 6% quartz chilled composite shown in Fig. 10(f), some
wear patterns such as wave shape, which might be related to
melt and dlip indicated by an arrow (P), are often seen. These
figuresillustrate that the major wear mechanismsat high diding
speeds are melt and slip wear of the matrix due to the rise of
temperature, and less severe damage on the wear surface is
also seen compared with copper chilled composites.

5.5 Fracture Toughness

The manner in which stress response varies with cycles and
plastic-strain amplitude is an important feature of the low-cycle
fatigue process. The cyclic stress required for pre-cracking the
specimen, providing provides useful information pertaining to
the mechanical stability of the intrinsic microstructural features
during reverse plastic straining, and the ability of the material
to distribute the plastic strain over the entire volume, are the
two key factors governing the cyclic response of a material .[*"]

The experimenta results of the fracture toughness tests done
on castings chilled using 25 mm thick metallic chill blocks are
shown in Table 4. Comparing the results, it can be seen that
changing the type of chill block seems to have an effect on the
fracture toughness of the material. Thisimplies that increasing
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Fig. 10 Wear surfaces of Al-quartz chilled composite at various sliding speeds (cast using copper chill block of 25 mm thickness). (a) and (b):
Sliding speed: 0.52 m/s for composites containing 3 and 6 wt.% dispersoid. (c) and (d) Sliding speed: 1.98 m/s for composites containing 3 and 6
wt.% dispersoid. (e) and (f) Sliding speed: 3.68 m/s for composites containing 3 and 6 wt.% dispersoid

the rate of chilling by increasing the volumetric heat capacity
of the chill block tends to result in an increase in the fracture
toughness of the material. Of more significant effect is the
quartz content of the specimen. It can be seen that, if al other
factors are kept constant, castings chilled using copper block
invariably haves the highest fracture toughness followed by
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steel, cast iron, and silicon carbide chilled composites in that
order. Further, it is observed that, at quartz contents beyond 6
wt.%, the values register a decrease in fracture toughness. It is
also observed that the farther away from the chill the specimen
is taken, the lower is the fracture toughness. This could be
because the farther away from the chill the specimen is, the
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Fig. 11 Effect of fracture toughness on quartz content (cast using
chill blocks of different materials)

Table4 Fracture toughness of Al-quartz chilled
composite for different weight percentages of
dispersoid cast using different chill materials
(chill block of 25 mm thickness)

Fracture toughness (K,c), MPa,/m
(near the chill block end)

Material of 3 wt.% 6 wt.% 9 wt.%
chill block dispersoid dispersoid dispersoid
Copper 11 13 12
Steel 9 11 11
Cast iron 9 10 9
Silicon carbide 6 7 7

lower is the rate of chilling. This agrees with the deductions
made earlier that increasing the rate of chilling tends to result
in an increase in the fracture toughness of the material 138

The fracture toughness of the composite chilled using differ-
ent types of chills versus the quartz content is shown in Fig.
11. The presence of quartz in the chilled composite has a
pronounced effect on the fracture toughness. The mechanisms,
which control the variation of fracture toughness of chilled Al-
guartz composites, are dependent upon both microstructure and
strain range. The possible micromechanisms controlling the
fracture behavior during cyclic loading are ascribed to the fol-
lowing synergistic influences:

* load transfer between the soft aluminum matrix and the
hard and brittle quartz particle reinforcement;

* apre-existing high dislocation density in the aluminum
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Fig. 12 Fractograph of Al-quartz chilled composite (3 wt.% disper-
soid, cast using copper chill block of 25 mm thickness)

Fig. 13 Fractograph of Al-quartz chilled composite (3 wt.% disper-
soid, cast using copper chill block of 20 mm thickness)

matrix caused by the presence of the hard, brittle quartz
particles;

* hardening arising from constrained plastic flow and tri-
axibility in the aluminum matrix due to the presence of
the brittle quartz reinforcements (as a direct result of the
particles resisting the plastic flow of the matrix, especially
in chilled composites, an average interna stress or back
stress is created);

+ didocations arising from competing influences of back
stresses in the plastically deforming composite matrix and
due to plastic relaxation by the formation of dislocation
loops around the hard quartz particles; and

* residua stresses generated in the matrix and dislocations
arising due to the mismatch in thermal expansion coeffi-
cients between the components of the composite, i.e., the
soft auminum matrix and the hard reinforcing quartz.

Examination of the fracture surface features (Fig. 12 to 15)
in the SEM of the fractured fatigue specimens specimens in
the SEM was at performed at low magnification to identify the
fatigue and final fracture regions, and at higher magnification
inthe fatigue region to identify regions of micro-crack initiation
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Fig. 14 Fractograph of Al-quartz chilled composite (3 wt.% disper-
soid, cast using steel chill block of 25 mm thickness)

Fig. 15 Fractograph of Al-quartz chilled composite (3 wt.% disper-
soid, cast using steel chill block of 20 mm thickness)

and early crack growth, and the over-loaded region to identify
thefinescalefracturefeatures. Fracture surfacesrevealed differ-
ent topographies for the composites containing different weight
percentages of quartz particles cast using different types of
chill blocks.

Cyclic fracture of the chilled cast microstructure on amacro-
scopic and microscopic scale, exhibited ductile fracture with
isolated micro-cracks in the matrix (Fig. 12 and 13). Observa-
tions revealed large areas of the fracture surface to be covered
with a bimodal distribution of dimples, indicative of ductile
rupture (Fig. 14 and 15). A dimple is a half void. The void
forms at the coarse second-phase particles, namely, the iron
and silicon intermetallic contained in the aluminum matrix.
However, growth of the void is limited by by the competing
and synergistic influence of the reinforcing quartz particles and
the cyclic ductility of the composite microstructure.

Conversely, cyclic fracture of the as-cast microstructure
(unchilled) on a microscopic scale, exhibited limited ductility
with fracture essentially normal to the stress axis;, low magnifi-
cation observations revealed thefractureto be brittle with crack-
ing in the direction of the major stress axis.

During cyclic deformation, it seems possible that the mis-
match that exists between the brittle reinforcing particle and
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the ductile matrix favors concentration of stress at and near the
particle/matrix interface, causing the matrix in the immediate
vicinity to fail permanently or the particle to separate from the
matrix. Thus, the fracture behavior of the chilled aluminum-
quartz compositerecordswell with theimproved fracturetough-
ness over the as-cast (un-chilled) composite.

6. Conclusions

Inthe present investigation, of all the chill blocks, the copper
chill block was found to be the most effective because of its
high VHC. A dispersoid content up to 6 wt.% was found to
increase the mechanical properties, and therefore, it is consid-
ered as the optimum limit. Hence, the present discussion is
mainly based on chilled Al-quartz composite with 6 wt.% dis-
persoid chilled using a copper chill block. Therefore, the intro-
duction of a chilled Al-quartz composite material represents a
revolutionary development in the field of MMCs technology
for the following reasons.

* For the first time, the engineering benefits of Al-quartz
based composites can now be realized in the form of
chilled castings.

e The new composite developed is very inexpensive com-
pared with MMC materials manufactured by traditional
methods.

«  Chilled Al-quartz composites were successfully fabricated
by employing chill blocks. From their microstructure, it
was found that there is uniform distribution of the disper-
soid, and good bonding between the matrix and the disper-
soid was achieved.

* The UTS values of the chilled composites were increased
by increasing the addition of dispersoids up to 6 wt.%.
Copper end chill block was found to be more effective
than compared with the other types of chill blocks.

*  Wear resistance of copper chilled composites was remark-
ably improved by adding quartz particles. The effects of
amountsof quartz contents up to 3% can beignored until the
sliding speed of 0.52 m/s. Specifically, at the intermediate
sliding speed of 1.15 and 1.98 m/s, the wear resistance of
copper chilled composite containing 6% quartz was found
to be better than that of the rest of the composites chilled
using other types of chill blocks.

*  Fromthe SEM structure studies, wear surfaces of 6% quartz
copper chilled composite at low dliding speed showed
dlighter groove formations than those of the matrix alloy.
This abrasive wear was seen in photomicrographs analysis
due to the frictional forces, which were large enough to
fracture and pull out the dispersoids from the matrix. At
intermediate dliding speeds, damaged sections in the wear
surfaces of the composites were seldom observed. At high
dliding speed, localized melt and dlip and large plastic
deformations due to the high frictional heat are the domi-
nant factors contributing to the removal of MMCs.

»  Thefracture behavior of the as-cast (unchilled) composite
revealed brittle failure with separation of the quartz parti-
cles from the matrix. The existence of weak constraints at
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the quartz/matrix interface, coupled with the stress concen-
tration effects, causesthe particlesto easily crack and sepa-
rate from the matrix, whereas fracture behavior of the
chilled composite shows ductile rupture with isolated
microcracks and a bimodal distribution of dimples on the
fracture surface.
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