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Abstract The effect of size of silicon carbide particles on

the dry sliding wear properties of composites with three

different sized SiC particles (19, 93, and 146 lm) has been

studied. Wear behavior of Al6061/10 vol% SiC and

Al6061/10 vol% SiC/5 vol% graphite composites pro-

cessed by in situ powder metallurgy technique has been

investigated using a pin-on-disk wear tester. The debris and

wear surfaces of samples were identified using SEM. It was

found that the porosity content and hardness of Al/10SiC

composites decreased by 5 vol% graphite addition. The

increased SiC particle size reduced the porosity, hardness,

volume loss, and coefficient of friction of both types of

composites. Moreover, the hybrid composites exhibited

lower coefficient of friction and wear rates. The wear

mechanism changed from mostly adhesive and micro-cut-

ting in the Al/10SiC composite containing fine SiC parti-

cles to the prominently abrasive and delamination wear by

increasing of SiC particle size. While the main wear

mechanism for the unreinforced alloy was adhesive wear,

all the hybrid composites were worn mainly by abrasion

and delamination mechanisms.

Introduction

Aluminum matrix composites are widely used in engi-

neering applications because of their enhanced mechanical

and tribological properties over the unreinforced alloys

[1–9]. These composites have gained extensive applica-

tions in several sectors such as structural, aerospace, and

automotive industries [5–16]. The volume fraction, shape,

and size of the reinforcing particles, chemistry of the alu-

minum alloy as the matrix, and processing route for mak-

ing these composites influence their final properties which

must be optimized for the desired applications [8–10, 17].

Among the hard reinforcing particles, SiC has demon-

strated excellent compatibility with aluminum alloys

resulting in improved wear resistance of the composites

[5, 6, 9–11, 18, 19]. The reinforcing particles support the

contact stresses and thereby prevent or reduce the degree of

plastic deformation and abrasion [5]. However, these hard

particles increase the wear rate of the mating counterface

due to their abrasive action, and thus reduce the overall

wear resistance of the tribosystem [8, 9, 12, 13, 19]. In order

to overcome these problems, a lubricant can be added to the

contact surfaces during the sliding process [9, 20]. How-

ever, some drawbacks of liquid lubricants include difficul-

ties in accessing some parts of the contact surfaces, leakage

of oil from the lubricating system and environmental pol-

lution [9, 14, 20]. Therefore, application of solid lubricant

materials such as graphite, molybdenum disulfide, or boron

nitride may be beneficial, in reducing the frictional forces

and improving tribological properties [7, 12, 13, 18–23].

The Al/SiC/Gr hybrid composites benefit from both SiC and

graphite for their hardening and self-lubricating properties,

respectively [7, 8, 14, 16, 18–20].

The size of reinforcing particles is an important factor in

determining the tribological behavior of such composites.

In fact, both the degree of the reinforcing particles fracture

and the ease of their detachment from the matrix determine

the wear resistance of composites and are influenced by the

particle size [5, 17, 20]. However, a systematic study on the
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effect of the size of SiC particles on the tribological

properties of Al/SiC and Al/SiC/Gr composites seems to be

lacking.

In this study, a new processing technique, namely in situ

powder metallurgy (IPM) was used for consolidating

Al6061/SiC and Al6061/SiC/Gr composites containing

different sized SiC particles. The IPM method is a com-

bination of the stir casting and powder metallurgy (P/M)

synthesizing processes in an integrated net shape forming

process [16, 21, 22]. It is well known that the production

method has a strong influence on the mechanical and tri-

bological properties of such composites via its effects on

the matrix grain size, porosity, the distribution of rein-

forcing particles, and the reinforcement–matrix interfacial

properties [10, 16, 20, 21]. The aim of this study is to

investigate the effect of SiC particle size on the tribological

behavior of Al/SiC and Al/SiC/Gr composites under dry

sliding conditions.

Experimental procedure

Specimen preparation

Al6061 alloy with the chemical composition as shown in

Table 1 was used as the matrix material. The IPM method

was used for preparation of different batches of Al/SiC or

Al/SiC/Gr powder mixtures. For this purpose, the appro-

priate weights of Al ingot along with SiC and/or graphite

particles were charged in a clay-bonded graphite crucible.

The amount of Al, SiC, and graphite was calculated based

on their density values (2.7, 3.2, and 2.2 g/cm3, respec-

tively) to obtain the required volume fractions of each

material in different powder mixtures. The produced

powder batches consisted of 10 vol% of SiC particles

having three different average sizes of 19, 93, and 146 lm

(denoted as: fine, medium sized, and coarse, respectively)

and 0 or 5 vol% of flake graphite particles with the average

size of 75 lm. Figure 1 shows the typical SEM micro-

graphs of the used SiC and graphite powder particles. The

crucible was heated in a resistance furnace and after

melting the aluminum at a constant temperature of 710 �C,

the mixture was stirred at 1400 rpm for 8 min using a

spiral shaped graphite stirrer. During stirring the mixture,

the molten aluminum alloy was disintegrated into droplets

by the shear forces induced by the impeller at the presence

of non-wettable SiC and graphite particles. The mixture

was evacuated from the crucible onto a steel flat plate and

the alloy was allowed to solidify at ambient temperature

and atmosphere. This procedure was performed using dif-

ferent sized SiC particles to produce Al/SiC/Gr and Al/SiC

powder mixtures. More details about the IPM process are

given elsewhere [16]. The powder particles of 6061 Al

alloy were produced by ‘‘solid-assisted melt disintegra-

tion’’ (SAMD) technique. The SAMD technique is basi-

cally similar to IPM method, but instead of graphite and/or

SiC, coarse alumina particles ([710 lm) are used for melt

disintegration [24, 25]. The alumina particles were sieved

out from aluminum alloy–alumina powder mixtures, and

the resultant aluminum alloy powder particles were used

for making compacts of the base alloy for the purpose of

comparison.

Powder mixtures were cold pressed at a constant pres-

sure of 750 MPa in a steel die on a single acting hydraulic

press into cylindrical compacts. The dimensions of the

compacts were 25 mm in diameter and 10 mm in height.

Green compacts were sintered at 620–630 �C for 60 min in

a tubular furnace and under nitrogen atmosphere to provide

protection against oxidation of the aluminum matrix. Then,

all the samples were solution treated at 550 �C for 2 h

before cold water quenching and artificially aged at 170 �C

for 7 h.

Density and hardness measurements

The densities of the base alloy compact and different

composites were determined using Archimedes’ principle.

The theoretical densities were calculated using the rule of

mixture according to the volume fractions of Al, SiC, and

graphite. The porosities of the different composites were

evaluated from the difference between theoretical and the

measured density of each sample. Hardness measurements

were carried out on a Brinell hardness testing machine,

using a load of 300 N, and the mean values of at least five

measurements conducted on different areas of each sample

was considered.

Microscopy

The morphology of the powder mixtures, polished surfaces

of composites as well as the wear surfaces and debris were

examined by using a Camscan MV2300 scanning electron

microscope equipped with energy dispersive X-ray spec-

troscopy (EDS).

Wear testing

Dry sliding pin-on-disk wear tests were carried out on

the composites and unreinforced samples in a laboratory

atmosphere at 30–40% relative humidity and the

Table 1 Chemical composition (wt%) of 6061 aluminum alloy

Mg Si Fe Cu Cr Al

1.12 0.64 0.48 0.33 0.04 Balance
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temperature around 25 �C. The rotating test material in the

form of disks of diameter 25 mm and height 10 mm were

slid against a steel pin (1.5Cr, 1C, 0.35Mn, and 0.25Si)

with the hardness of 64HRC having the diameter of 5 mm

and height of 20 mm. The surfaces of samples were

grounded with SiC paper and cleaned with acetone in an

ultrasonic bath before each test. Wear tests were under-

taken under the normal load of 20 N (resulting in a normal

pressure of 1 MPa), the sliding velocity of 0.5 ms-1 and

different sliding distances of 250, 500, 750, and 1000 m.

The wear tests were carried out using a wear track diameter

of 16 mm. The schematic diagram of pin-on-disk testing

apparatus is shown in Fig. 2. The weight loss was mea-

sured with an accuracy of 0.1 mg, and then converted to

volumetric wear loss using the measured density of each

material and the total sliding distance. Friction coefficient

measurements were made using a transducer to measure

the deflection of the pin holder caused by the disk rotation.

Fig. 1 Typical SEM micrographs of the used powder particles: a fine SiC (19 lm), b medium sized SiC (93 lm), c coarse SiC (146 lm), and

d graphite

Fig. 2 Schematic view of the pin-on-disk test apparatus
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The system was calibrated by applying known tangential

loads and noting pin deflection.

Results and discussion

Powder characteristics

A typical SEM micrograph of the as-produced powder

mixture containing aluminum, graphite, and coarse SiC

particles is shown in Fig. 3. It is seen that SiC and graphite

particles are distributed uniformly within the aluminum

powder particles and there is no aggregates of SiC and

graphite particles in the mixture. The median size of the

produced aluminum particles in different powder mixtures

are presented in Table 2. It is clear that smaller aluminum

particles are produced by using finer SiC and 5 vol% of

graphite particles. This can be attributed to the increased

efficiency of melt disintegration by increased surface area

of the atomizing medium (fine SiC ? Gr particles).

Microstructure of composites

Figure 4a, b shows the typical SEM micrographs of the

polished surfaces of composites prepared by using Al/

10SiC and Al/10SiC/5Gr powder mixtures containing

medium sized SiC particles. This figure shows that rein-

forcing particles have been distributed uniformly within the

matrix alloy, which is an advantage of the IPM method

[16, 21, 22]. This uniform distribution improves the

mechanical and tribological properties of composites. The

dark regions in Fig. 4b represent the graphite particles or

voids which were left behind by evacuation of reinforce-

ments from the surface during the polishing process.

Fig. 3 Typical SEM micrograph of the as-produced powder mixture

containing 10 vol% of coarse SiC particles and 5 vol% graphite

Table 2 The median size of the produced aluminum powders in

different powder mixtures containing 10 vol% SiC particles

SiC size (lm) Graphite content (vol%) D50 (lm)

19 0 319

93 0 347

146 0 364

19 5 305

93 5 318

146 5 336

Fig. 4 Typical SEM micrographs of the polished surfaces of a Al/SiC and b Al/SiC/Gr composites containing 10 vol% medium sized SiC

particles
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Porosity and hardness of composites

The values of porosity and hardness of unreinforced alloy

and composites are presented in Table 3. It is seen that the

porosity content and hardness of the unreinforced compact

are considerably lower than those of the composites. The

hard SiC particles do not flatten by plastic deformation

during pressing and therefore preserve the inter-particle

voids. Movement and rearrangement of the aluminum

powders are also restricted by the reinforcing particles

during the compaction process. According to Table 3, for

both the Al/SiC and Al/SiC/Gr composites the porosity

content and hardness values are decreased by increasing of

SiC particle size, which is in agreement with other reports

[26, 27]. These results can be attributed to the increased

surface area of the finer SiC particles which in turn

increases the frictional forces and restricts the movement of

particles. Moreover, fine SiC particles are more susceptible

to agglomeration which in turn inhibits effective densifi-

cation. However, graphite as a solid lubricant facilitates

movement and rearrangement of the matrix and reinforcing

particles, and results in higher densification. Therefore,

hybrid composite containing 5 vol% of graphite particles

exhibited higher densities as compared with their Al/SiC

counterparts.

The higher hardness values obtained for composites as

compared with the base alloy compact is due to the pres-

ence of hard SiC particles [5, 15, 28]. For both the Al/SiC

and Al/SiC/Gr composites, the increased size of SiC par-

ticles resulted in decreased hardness values. Again the

increased surface area of the finer particles results in

increased dislocation density at the Al/SiC interface orig-

inated from the coefficient of thermal expansion (CTE)

mismatch between these two phases [11, 28]. The lower

Table 3 The porosity content and hardness values for different

samples

SiC content

(vol%)

SiC size

(lm)

Graphite

content

(vol%)

Porosity

(%)

Brinell

hardness

(BHN)

10 19 0 3.57 81

10 93 0 2.70 76

10 146 0 1.91 74

10 19 5 2.94 78

10 93 5 2.03 73

10 146 5 1.54 71

Al6061 compact 0.98 63

Fig. 5 The variation of wear loss with sliding distance for a Al/

10SiC and b Al/10SiC/5Gr composites

Fig. 6 Variation of the coefficient of friction in different composites

with SiC particle size. The data for the base alloy sample is also

presented for comparison

Fig. 7 Variation of the wear rates of Al/SiC and Al/SiC/Gr

composites containing different sized SiC particles at the sliding

distances of 500 and 1000 m
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hardness values for Al/SiC/5Gr hybrid composites as

compared with their Al/SiC counterparts are attributed to

the soft nature of graphite. It was expected that the

decreased porosity level in the hybrid composites result in

increased hardness values. However, the effect of soft

nature of graphite in reducing the hardness has dominated

over the effect of the decreased porosity levels. These

results are in agreement with previous observations

[13, 14].

Tribological properties

The variation of wear loss with sliding distance for Al/

10SiC and Al/10SiC/5Gr composites containing different

sized SiC particles is shown in Fig. 5. The wear loss of the

base alloy sample is also presented for comparison. It is

seen that the composites exhibited lower wear loss as

compared with the base alloy. In addition, the increased

size of SiC particles resulted in lower wear loss for both

composite types. Also the slope of the lines in this figure

decreased with the increased size of SiC particles. Similar

results have been observed by other investigators [2, 6, 8,

10, 11, 17]. The wear loss of the Al/10SiC/5Gr and Al/

10SiC composites containing coarse SiC particles are about

6 and 4 times lower than the unreinforced alloy, respec-

tively. Similar results have also been reported by other

investigators [1–5, 8, 10, 14–19]. According to the adhe-

sive wear theory stated by Archard [29], the wear resis-

tance should be deteriorated by decreasing material

hardness. However, these results indicate that the increased

SiC particle size improved wear properties of composites

(Figs. 5, 7) despite of the decreased hardness values

(Table 3). This discrepancy can be explained by consid-

ering this fact that the Archard’s theory is limited to ide-

alized sliding conditions based on a mechanism of

adhesion at the asperities. In this theory, the processes of

crack nucleation and subsequent growth are disregarded. In

fact, in this set of experimental results, the higher porosity

Fig. 8 Typical SEM micrographs of the worn surfaces of a unreinforced alloy and b–d Al/10SiC composites containing fine, medium sized, and

coarse SiC particles, respectively
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levels of the composites containing finer SiC particles

(Table 3), are responsible for deterioration of wear prop-

erties [6, 16]. Moreover, the small sized SiC particles on

the tribosurface, are not deeply embedded in the matrix

alloy and therefore they can be easily pulled out by the

steel pin during wear test. However, a relatively high

portion of the surface of a coarse SiC particle is embedded

in the matrix alloy and it can be remained on the surface

during wear test [11]. The increased wear rate with

increasing hardness of composites has also been reported

by other investigators, and can be attributed to the week

interfacial binding between the reinforcement and matrix

alloy enhancing the detachment of these particles [2, 3,

9, 17]. Similar mechanism can explain the decreasing of

the coefficient of friction by increasing of the SiC particle

size, as shown in Fig. 6. The presence of coarse SiC parti-

cles on the surface of composites as protrusions protects the

matrix from severe contact with the steel pin and reduces

their contact area (metal to metal contact), resulting in

decreased coefficient of friction [1, 4]. However, the higher

porosity of the composites containing finer SiC particles

enhances their easy detachment by the steel pin during wear

test. Moreover, these fine SiC particles act as the hard third

body abrasive and increase the friction coefficient.

Figure 7 indicates that the wear rates of hybrid com-

posites containing different sized SiC particles are lower

than those of their Al/SiC counterparts. Similar results have

been reported by other researchers [12, 18, 20, 23]. It is also

clear from Fig. 6 that friction coefficient of different Al/SiC

composites is considerably reduced by 5 vol% graphite

addition. The friction force in a tribosystem usually results

from the adhesion between counterparts and plowing work

[23]. In Al/SiC/Gr hybrid composites, graphite as a solid

lubricant material comes onto the surface resulting in the

formation of a lubricating film, which prevents metal to

metal contact at the sliding surfaces [7, 17, 19, 21] resulting

in reduced coefficient of friction as shown in Fig. 6. The

reduced slope of the line corresponding to the hybrid

Fig. 9 Typical SEM micrographs of wear debris from a base alloy sample, b fine SiC contained Al/10SiC composite, and c coarse SiC contained

Al/10SiC composite
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composites as compared with that of the Al/SiC composites

in Fig. 6 can also be attributed to formation of a graphite

rich tribolayer which masks SiC particles and reduces their

size effect. In addition, this tribolayer reduces the shear

stresses transferred to the bulk material and decreases the

probability of SiC particles to be pulled out. Therefore, the

wear rate or the hybrid composites are lower than their Al/

SiC counterparts.

The decreased wear rate with increased sliding distance

for the matrix alloy and both composite types as shown in

Fig. 7, can be attributed to formation of a more stable

smeared layer on the sliding surface which heals the cracks.

In case of the matrix alloy, due to a relatively large friction

coefficient (0.92 as shown in Fig. 6) and subsequent gen-

eration of a large-friction heat, oxidation of the surface and

formation of mixed oxide layers is possible. This can be

regarded as a reason for the significant decreased wear rate

with the increase in sliding distance. However, for the

composites, the tribolayer consists of SiC and/or graphite

particles (Figs. 8, 11) as well as mixed oxide layers

(Fig. 10). Therefore, the more stable wear condition for

longer sliding distances resulted in the decreased wear rate.

However, this effect is less pronounced for the composites

as compared with the unreinforced alloy due to the abrasive

action of the detached particles.

Wear mechanisms

A typical SEM micrograph of the worn surface of the base

alloy sample is shown in Fig. 8a indicating severe wear by

massive plastic deformation. This figure illustrates some

wave-like wear patterns created by flow of material dem-

onstrating adhesive wear. The temperature rise on the

contact surface during the wear test is an important

Fig. 10 The EDS spectrums of

worn surfaces of Al/10SiC

composites containing a fine

and b coarse SiC particles
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influential factor in determining the wear mechanism

[4, 23, 30]. By increasing this temperature the yield

strength of the contacting specimen decreases resulting in

softening and creation of adhesive wear, which has also

been reported by other authors [1, 3, 8, 14, 23, 30].

The worn surface of fine SiC contained composite,

shown in Fig. 8b, indicates massive deformation and

granular rough regions. However, protrusion of coarser SiC

particles decreases metal to metal contact and causes for-

mation of non-continuous grooves (Fig. 8c, d). The worn

surface morphology of the coarse SiC contained composite

is more uniform than that of the medium sized one.

Incorporation of SiC particles into the aluminum matrix

results in increasing of hardness (Table 3) and reduction of

real contact area and coefficient of friction (Fig. 6).

Therefore, the temperature rise at the surface during wear

test is lower for the composites as compared with the

unreinforced alloy [4], and as a result, the probability of

adhesive wear is weak.

Figure 9 shows the SEM micrographs of the wear debris

of the base alloy sample and Al/SiC composites. It is seen

that the wear debris of composite samples are smaller than

those of the base alloy. As mentioned before, severe

adhesion is the predominant wear mechanism of Al6061

alloy sample. The adhesion of the pin together with the

shear forces induced to the surface during sliding results in

severe plastic deformation at the contact region. Material in

the softer asperity deforms in a series of shear bands. When

each shear band reaches a certain limit, a crack is initiated,

or an existing crack propagates, until a new shear band is

formed. When the crack reaches the contact interface, a

wear particle is formed and adhesive transfer is completed

[7]. This mechanism causes formation of wedge-like shape

debris similar to what is seen in Fig. 9a for the base alloy

sample. In case of Al/SiC composites, the wear debris

morphology is totally changed by increasing SiC particle

size from 19 to 146 lm (Fig. 9b, c). Wear debris of fine

SiC contained composite consists coarse wedge-like debris

Fig. 11 Typical SEM micrographs of the worn surfaces of Al/10SiC/5Gr hybrid composites containing a fine, b medium, and c coarse sized SiC

particles
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together with fine irregular shaped powders. Therefore, the

wear mechanism of this composite should be a combina-

tion of adhesive and abrasive micro-cutting wear, which

has also been reported by other investigators [12]. How-

ever, wear debris morphology of coarser SiC contained Al/

SiC composites are in the form of small flakes and thin

sheets. The micrographs of the worn surfaces and wear

debris for the Al/10SiC composites containing coarser SiC

particles (Figs. 8c, d, 9c) indicate that abrasive wear and

delamination are the major wear mechanisms.

The EDS spectrums of the worn surfaces of Al/10SiC

composites (Fig. 10) exhibit higher Fe and O contents for

the composite reinforced with coarser SiC particles. These

results are consistent with the proposed wear mechanisms

for these composites. The partially embedded SiC particles

induce milling and abrasion on the steel pin resulting in

formation of iron and iron oxide rich fragments transferred

on the worn surface of composite. These fragments are also

responsible for the decreased coefficient of friction as was

observed for coarser SiC contained Al/10SiC composites

[2, 18, 30].

The worn surface morphology of hybrid composites is

shown in Fig. 11. The presence of continuous grooves

indicating that abrasion is the predominant wear mecha-

nism. However, the grooves are larger and deeper on the

worn surface of fine SiC contained hybrid composite as

compared with the coarser SiC contained ones. These

grooves are produced by plowing action of hard asperities

on the steel pin and hardened worn debris [30]. Fine SiC

particles are more susceptible to be pulled out during the

sliding process. These hard particles are trapped between

the sample surface and the steel pin, and thus, help to the

plowing action. Conversely, coarser SiC particles remain in

the matrix for longer times and help the lubricating tribo-

layer to be retained; similar to what has been shown in

Fig. 11b for the medium sized SiC contained hybrid

composite.

Figure 12 shows the SEM micrographs of the wear

debris of hybrid composites reinforced with different sized

SiC particles. It is seen that the wear debris is in the form of

thin sheets, indicating that delamination is the main wear

mechanism in these composites. However, the debris size

Fig. 12 Typical SEM

micrographs of wear debris

from Al/10SiC/5Gr hybrid

composites containing a fine,

b medium sized, and c, d coarse

SiC particles
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is decreased by increasing of SiC particle size. Delamina-

tion is caused by inhomogeneous plastic deformation at the

reinforcement–matrix interfaces, which results in disloca-

tions accumulation, stress concentration, crack formation,

and propagation at the interface. These cracks join together

and make a flaky wear debris [18, 23]. Therefore, wear

debris should be smaller for the fine SiC contained hybrid

composite, which has larger number of crack initiation sites

as compared with coarser SiC contained composites.

However, fine SiC particles are easily pulled out from the

matrix and may reduce effective crack initiation sites.

The EDS analysis of the worn surface of Al/10SiC/5Gr

hybrid composites reinforced with fine and coarse SiC par-

ticles, shown in Fig. 13, exhibit small amounts of Fe and O

for both composites. A comparison between Figs. 10 and 13

reveals the decreased Fe and O contents at the worn surfaces

of Al/SiC composites by graphite addition attributable to

alteration in the wear mechanism. These results imply that

the presence of 5 vol% of graphite particles changes the wear

mechanism of the fine SiC contained composite from pre-

dominant adhesive wear to abrasive. Moreover, the wear

mechanisms of the coarser SiC contained composites are

similar for the Al/SiC/Gr and Al/SiC composites. It is also

clear that the worn surfaces of the hybrid composites are

smoother than those of their Al/SiC counterparts (Figs. 8,

11). Moreover, comparing the size of the wear debris in

Figs. 9 and 12 reveals that the wear debris resulted from

hybrid composites are smaller than those of Al/SiC com-

posites. In the hybrid composites, graphite particles smear

out and decrease the coefficient of friction (Fig. 6), resulting

in reduction of the wearing surface temperature. Therefore,

the shear stresses transferred to the bulk material underneath

the tribolayer is reduced [7, 19]. Consequently, the proba-

bility of adhesive wear in Al/SiC/Gr hybrid composites is

lower than that of the Al/SiC samples. In addition, the SiC

particles at the wearing surface of Al/SiC composites are

Fig. 13 The EDS spectrums of

worn surfaces of Al/10SiC/5Gr

hybrid composites containing

a fine and b coarse SiC particles
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more susceptible to be fractured and pulled out during the

sliding wear. The combination of these mechanisms results

in formation of smaller craters and wear debris in the Al/SiC/

Gr hybrid composites as compared with Al/SiC ones.

Conclusions

The results can be summarized as follows:

1. The IPM method is a suitable technique for processing of

Al6061/10 vol% SiC and Al6061/10 vol% SiC/5 vol%

graphite composites containing different sized SiC

particles. In these composites the reinforcing particles

were distributed uniformly within the matrix alloy.

2. The porosity content, hardness, wear rate, and friction

coefficient of Al/10SiC composites decreased by 5 vol%

graphite addition. The increased size of SiC particles in

the range of 19–146 lm resulted in decreased porosity

levels, hardness, wear rate, and friction coefficient of both

Al/SiC and Al/SiC/Gr composites.

3. All of the composite samples demonstrated higher

porosity content, higher hardness values, lower wear

rate, and lower coefficient of friction as compared with

the unreinforced alloy. Addition of 10 vol% of coarse

SiC together with 5 vol% of graphite particles to the

base alloy resulted in reduction in wear rate and

friction coefficient by 83 and 35%, respectively.

4. SEM studies of the worn surfaces and wear debris

revealed that in the unreinforced alloy the prominent

wear mechanism was the adhesive wear. However, in

the Al/10SiC composites, by increasing of SiC particle

size from 19 to 146 lm the wear mechanism changed

from adhesive and micro-cutting to abrasive and

delamination. In all the hybrid composites, abrasive

wear was the main wear mechanism and was not

affected by the SiC particle size.
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