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Cu-Sn based alloy powders with additives of elemental Pb or Cwere densified by hot pressing technique.The influence of densifying
on the properties of the hot pressed materials was investigated. The properties, such as the hardness, compressive strength, and
wear resistance of these materials, were determined. The hot pressed Cu-Sn specimens included intermetallic/phases, which were
homogeneously distributed. The presence of graphite improved the wear resistance of Cu-Sn alloys three times. Similarly, the
presence of lead improved the densification parameter of Cu-Sn alloys three times. There was no significant difference in the
mechanical behavior associated with the addition of Pb to the Cu-Sn alloys, although Cu-Pb alloys showed considerably higher
ultimate strength and higher elongation. The Cu-Sn-C alloys had lower strength compared with those of Cu-Sn alloys. Evidence
of severe melting spots was noticed in the higher magnifications of the compression fracture surface of 85% Cu-10% Sn-5% C and
80% Cu-10% Sn-10% Pb alloys. This was explained by the release of load at the final event of the fracture limited area.

1. Introduction

Metalmatrix composites had attracted the interest ofmaterial
scientists in the last few decades due to its unique properties
[1, 2]. The motivations behind developing metal matrix
composites were to fabricate structures that have superior
stiffness and to simultaneously have better toughness and
structural integrity [3, 4]. Copper alloy powders have been
used in industrial applications for many years, as they have
high corrosion resistance, high ductility, moderate to high
hardness and strength behavior, high thermal and electrical
conductivity, and high fatigue and abrasion resistance [5].
Copper matrix composites had been considered as one of
the appealing candidates in various applications [5–7]. Tin
(Sn) is a malleable, ductile, and highly crystalline silvery
white metal. It has a relatively low melting point of 231∘
compared to copper (Cu) which has a melting temperature of
1084∘C. Tin resists corrosion from water but can be affected
by acids and alkalis [5, 8]. Tin could be highly polished
and was used as a protective coating layer for other metals
[9]. In this case, the protective oxide layer prevents further
oxidation, as it acts as a catalyst when oxygen is in the solution

and helps to accelerate the chemical attack [9]. Accordingly,
the composites produced from the combination of these
materials are expected to possess superior properties for
various industrial applications [10]. Cu-Sn alloys have been
widely used as self-lubricant materials for many years [5],
and powder metallurgy (PM) has been the main process to
fabricate these alloys. The mechanical properties of copper
represent the key factor in determining the suitability of
the composite materials especially in applications where
the material was subjected to high loads and frictions [11].
Copper reinforced with fine and uniform tin dispersoids
has shown remarkable thermal and mechanical stability
at an elevated temperature as reported by Xie et al. [12].
They reported that the monotonic shear behavior of as-
reflowed Cu-Sn exhibits high strain to failure values [12].
The microstructure of the Cu-Sn alloys has shown a gradual
cellular to dendritic transition which reflects stabilization in
the growth [13]. This leads to an increase in the ultimate
tensile strengths associated with finer eutectic cells for Cu-
Sn alloys [13]. Recently, Kim et al. [14] introduced graphite
to Cu-Sn alloys to improve thermal properties. These new
composites have proven to be very useful in the lithium ion
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batteries applications [15, 16].The graphite addition improves
the wear resistance. The density, impact toughness, and
hardness decrease with increasing the C content. The impact
toughness has a maximum value of 11.7 J/Cm2 at 2% C and
a minimum value of 4.3 J/Cm2 at 6% C [17]. Leaded bronzes
(Cu-Sn-Pb) were mainly used for bearings due to their good
wear resistance. For wide range of solidification, Cu-Sn alloys
are extremely difficult to be produced by casting. However,
because of the wide temperature range of crystallization
and the large difference in the densities of copper and lead,
intensive segregation takes place during solidification of Cu-
Pb alloys [17]. Consequently, it was difficult to obtain homo-
geneous distribution of Pb in the microstructure by melting
and casting.Therefore, powder metallurgy offers a promising
processing route for producing such parts. The lead, the
insoluble graphite in copper, and their additions to Cu-Sn
alloys have some advantages in developing antifriction alloys
especially by powder metallurgy. The powder metallurgy
(PM) processing technique has definite advantages when
used for consolidation of prealloyed powders.

The production of such composites via the conventional
melting and casting techniques was extremely difficult as a
result of the nonhomogenous distribution of the dispersoids.
This leads to lowering the mechanical properties of the
produced composites [18]. The suitability in controlling the
homogeneous distribution of different materials in the PM
depends on the technique used in preparing such composites
[19]. Although the use of PM techniques proved to be the
best in producing a homogeneous distribution of reinforced
materials in the final product, this process alone has not
given convenient results [18, 19] especially with reinforced
materials having extremely fine particles. A few trials, such
as mechanical alloying or rapid solidification, have been
examined [19, 20] but have often shown a contamination
and poor economic efficiency [18]. Generally, compaction is
one of the most widely used techniques to obtain powder
products. The well-known press and sintering technique was
widely used to obtain dense products, but difficulties may
arise especially in the sintering stages. The hot compaction
technique densification has two stages. In the first stage,
rearrangement of particles takes place by sliding and local
plastic deformation of grain surface irregularities. At the
second stage, the relative motion among particles becomes
very small as the relative density increases [21, 22].

The scope of this research study was to manufacture four
different Cu-Sn metal matrix composites using hot pressed
powder alloying process, namely, 90% Cu-10% Sn with no
additions, 85% Cu-10% Sn-5% C, 80% Cu-10% Sn-10% Pb,
and 90% Cu-10% Pb weight percentages. The effect of the
carbon and lead addition on the microstructure was studied.
The effect of graphite or lead particles powder in addition to
the Cu-Sn metal matrix composites was investigated on the
hardness, mechanical, and wears properties.

2. Materials and Methods

Elemental Cu, Sn, C, and Pb possess strong ionic interatomic
bonding giving rise to desirable material characteristics.

Powderswith purity greater than 99%with an average particle
size less than 10 𝜇m in diameter and manufactured by Alfa
Aesar, USA, were used as the starting source materials.
The various powder components were mechanically mixed
forming the nominal composition, namely, 90% Cu-10% Sn
with no additions, 85% Cu-10% Sn-5% C, 80% Cu-10% Sn-
10% Pb, and 90% Cu-10% Pb weight percentages. To ensure
uniformity of the particle shapes, the Cu, Sn, C, and Pb
powders were mechanically milled and mixed in an agate
rockmortarwith high energy bollmilled for half an hourwith
different weight ratios according to the composition design.
The mechanical milling of the powders resulted in uniform
sphere-like particles for Cu-Sn alloys. Figure 1 presents the (a)
scanning electron microscopy (SEM) surface microstructure
of Cu-Sn alloys, as the red arrows pointing to the semisolid
tin during the electroless process, (b) the graphite particle,
(c) the lead particle as uniform spherical shape, (d) Cu-Sn
alloys with graphite particles, and (e) Cu-Sn alloys with lead
particles during the electroless process.

The process starts with preparing the plating baths that
contain the tin/graphite/lead particles of known weight using
the electroless mixture solution and reducing agent. A uni-
form copper filmwas formed on the tin/graphite/lead surface
particles in about 10–15min deposited from the hypophos-
phite based solutions from the alkaline baths. In addition, a
complexing agent generally citrate and ammonium salts were
also used to increase the particulate bonding.The complexing
agents serve the function of preventing the precipitation of
basic salts, as it also affects the deposition rate and properties.
Thebath ph level was usuallymaintained at the range between
8 and 10 using ammonium hydroxide. Lower deposition
rates resulted when the ph level was adjusted with sodium
hydroxide. Therefore, ammonium hydroxide was used for
adjusting the ph of baths. The first bath was used to produce
semibright tin/graphite/lead particles deposits containing
approximately 4% phosphorus [23].

Deposition rates were increasedwith increased bath ph or
hypophosphite concentration.The deposition rate in the first
bath was increased from 5.6 𝜇m/h to 10 𝜇m/h at 85∘C by sim-
ply adding organosulfur compound of 0.2 gm./cm3 thiourea.
The second bath contained less citrate than the first onewhich
resulted in a substantially greater deposition rate. However,
the resulting deposits had inferior physical properties. The
last bath was a typical acid electroless tin/graphite/lead parti-
cles plating bath, using reducing agent that was incapable of
yielding tin/graphite/lead particles deposits from acidic solu-
tion. Some of the reported advantages of electroless method
were significant cost reduction, quality improvement of the
deposited materials, and elimination of cross-contamination
[8, 24–26]. The weight of copper coatings was estimated by
the difference in weight between the graphite particles before
and after the electroless coating process.

The sintered density was obtained by both dimensional
measurements as well as Archimedes density measurement
technique. To compare the densification response of various
compositions, the sintered densities were normalized with
respect to the theoretical density. To take into account the
influence of the initial as-pressed density, the compact sinter-
ability was also expressed in terms of densification parameter,
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Figure 1: The (a) SEM surface microstructure of Cu-Sn alloys as the red arrows points to the semisolid tin during the electroless process, (b)
the graphite particle, (c) the lead particle as uniform spherical shape, (d) Cu-Sn alloys with graphite particles, and (e) Cu-Sn alloys with lead
particles during the electroless process.
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Figure 2: The die setup of the hot pressing technique.

which was calculated as the densification parameter, Δ𝐷
= (sintered density − green density)/(theoretical density −
green density), as the theoretical density (𝜌

𝑡
) was calculated

using the following equation [8]:
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where 𝜌
𝑖
and 𝑤

𝑖
are the element density and weight fraction,

respectively.

Hot compaction was performed in a single acting piston
cylinder arrangement at room temperature in order to get
30mm diameter and 50mm height of the green compact, as
shown in Figure 2. The die bore was smeared with intended
powders reduce die wall friction, and the desired weights of
mixed composites were used for each compact. A hydraulic
testing machine of 200 tons capacity was used to perform
the compaction of the alloy powder with constant cross head
speed of 2mm/min. The height of the green compact was
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Figure 3: SEM micrographs of heat-treated (a) 90% Cu-10% Sn and (b) 85% Cu-10% Sn-5% C alloys.

measured directly before and after ejecting from the die. The
final height was also calculated from the load displacement
curve. After unloading the elastic recovery of the compacts
was neglected [17]. The die temperature was measured by
means of a NiCr-Ni thermocouple, which was inserted
through the die and kept near its cavity. The temperature
was maintained at the required level with a tolerance of
±5∘C. Different mold temperatures were tested up to 550∘C
at constant pressure of 314.38MPa and constant crosshead
speed of 2mm/min [11]. All hot pressed MMCs were heat-
treated at about 550∘C to allow the atoms to diffuse randomly
into a uniform solid solution as liquid phase sintering [27, 28].
The tin melts to form a thin film surrounding the copper
particles enhancing the alloying element bonding [28].

The setup was heated up to the preselected temperature
which was kept constant for 30 minutes in order to homog-
enize the temperature throughout the powder alloy. The
forming pressure was lowered for all tested hot components.
After the compact operation, the samples were covered
with aluminum foil and embedded in a graphite powder to
protect its surface from the oxygen and nitrogen from the
atmosphere during the sintering process.The specimenswere
sintered under liquid phase conditions at a constant heating
rate of 20∘C/min to a temperature of 550∘C for one hour
allowing tin to melt and enhance the bonding of the copper
matrix. The temperature was maintained at that level with a
tolerance of ±5∘C.

3. Results and Discussion

3.1. Optical Investigations. The microstructure investigation
on the Cu-Sn alloys was conducted using a Jeol 5400
SEM unit with a link EDS detector attachment to observe
the particle morphology, particle size, particle shape, and
agglomeration of particles after the fabrication process. Fig-
ure 3 shows the microstructures of the hot pressed Cu-Sn
alloys with various elemental powder additions as C and Pb.
The comparison between the pure Cu-Sn alloys shown in
Figures 3(a) and 3(b) indicates the enhancement of diffusion
and alloy formation as results of liquid phase sintering [29].
Note that the large dark particle in Figure 3(b) presents the
graphite particles.

The graphite black particles were seen in Figure 3(b),
as the graphite was well combined with the matrix. Two
phase microstructures were presented in Figure 4, as the
microstructure included 𝛼-Cu (twining structure), graphite,
and precipitates around the grain boundaries. SEM micro-
graphs and EDX analysis of these specimens were given in
Figures 4(a) and 4(b), respectively.

The Cu-Sn alloy (Figure 4(a)) was composed of the major
bright phase zones and the others of gray ones. The matrix of
these specimens was composed of the bright areas, and point
2 was Cu-6.8% Sn which was a solid solution of Sn in Cu (𝛼-
phase) whereas the gray particles have considerably higher Sn
content as point 1 that corresponds to 𝛿-phase in the Cu-Sn
system. The gray phase in Figure 4(b) as points 1 and 2 was
also Sn-rich particles, containing 16.2%. This also coincides
with the composition of the 𝛿-phase.

Furthermore, the optical SEM microstructures of 80%
Cu-10% Sn-10% Pb and 90% Cu-10% Pb alloys were shown
in Figures 5(a) and 5(c), respectively. In Figure 5(a) the
Sn-rich phase (𝛿) particles were observed as the addition
to the Pb particles in the alloys. Separate Pb particles
were defined in the microstructure as presented in higher
magnification in Figure 5(b). The Pb solidified as almost
pure lead forming globules at the copper grain boundaries.
The structure consists of fine homogeneous Cu particles with
some twining, as presented in Figure 5(c). It was noticed in
higher magnifications (Figure 5(d)) for the 80% Cu-10% Sn-
10% Pb alloys that the Sn particles form a uniform thin layer
around the Cu particles as explained earlier during the liquid
phase sintering process. A narrower Cu and Sn region, with
higher inner connections between Cu and Sn particles, gives
better mechanical interlock.

3.2. Vickers Microhardness Measurements. Vickers micro-
hardness measurements were carried out for the different
phase constituents of the hot pressed Cu-Sn alloys, using
a load of 10 Kg for 20 sec in time, and the speed of the
indenter was 100 𝜇m/sec. To insure consistency throughout
the material surface and homogeneity, a minimum of five
readings were taken for each case and the average value was
recorded. In all alloys the bright phase, which corresponds



Advances in Materials Science and Engineering 5

General analysis, wt.% 
Cu Sn

90.02 9.981

2

Spot no.

Cu Sn
1 83.17 16.83
2 93.20 6.80

Element, wt.% 

(a) 90% Cu-10% Sn alloy: points 1 and 2 refer to the regions analyzed by EDX

General analysis, wt.%: 
Cu Sn

85.02 9.98

Spot no. Element, wt.% 
Cu Sn

1 87.03 12.97
2 83.95 16.20

1

2

(b) 85% Cu-10% Sn-5% C alloy: points 1 and 2 refer to the regions analyzed by EDX

Figure 4: SEM micrographs and EDX analysis of heat-treated (a) 90% Cu-10% Sn and (b) 85% Cu-10% Sn-5% C alloys.
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Figure 5: Optical SEM micrographs of heat-treated (a) 80% Cu-10% Sn-10% Pb, (b) with higher magnification, (c) 90% Cu-10% Pb alloys,
and (d) with higher magnifications.

to 𝛿-phase, had Vickers microhardness measurements about
two times greater than the correspondingmatrix as presented
in Table 1. It was observed that the 85% Cu-10% Sn-5% C
alloys exhibit lower hardness values compared to the other
Cu-Sn alloys for the matrix and 𝛿-phase. This decrease

was attributed to the presence of graphite in the copper
matrix.

As higher inner connections between Cu and Sn particles
have the higher mechanical interlock of these alloys, the
introduction of large C particles weakens the interlock
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Figure 6: Weight losses in (mg) versus the applied pressure in MPa and the sliding distance in Km for the heat-treated (a) 90% Cu-10% Sn
and (b) 85% Cu-10% Sn-5% C alloys.

Table 1: Vickers microhardness values in Kg/mm2 of hot pressed
Cu-Sn alloys.

Alloys Vickers microhardness (𝐻V) Kg/mm2

Matrix (𝛼-Cu) Bright (𝛿-phase)
90% Cu-10% Sn 112.2 246.6
85% Cu-10% Sn-5% C 83.7 162.7
80% Cu-10% Sn-10% Pb 108.9 222.2
90% Cu-10% Pb 101.4 210.3

compared to the effect of the smaller Pb particles as presented
from the hardness values.

3.3. Wear Resistance. Wear measurements were performed
by means of pin-on-disc method in dry conditions. The
wear specimens were 8mm in diameter and 12mm in
length. Surface preparation was conducted before the wear
test, where each specimen was grinded with 1 𝜇m alumina
suspension. Wear tests were conducted under dry sliding
conditions, applied loads of 10N, and a constant sliding speed
of 1.8m/s.Wear loses were obtained by calculating the weight
loss of the specimens before and after the testing using an
electronic balance with a sensitivity of 0.1 milligram. The
samples were cleaned in an acetone bath and dried using
hot air before the tests to remove organic substances. The
wear characteristics of 90% Cu-10% Sn and 85% Cu-10% Sn-
5% C alloys were presented in Figure 6. The variations of
weight loss of Cu-based alloys with the contact pressure at
sliding distance of 1.258 km were presented in Figure 6(a).
It should be reported that a sudden acceleration in weight
loss at contact pressure 0.8MPa for the 90% Cu-10% Sn alloy
was observed. The 85% Cu-10% Sn-5% C alloy exhibited
considerably high wear resistance compared to the 90% Cu-
10% Sn alloy that can be seen in Figure 6(a). This may be
attributed to the presence of graphite in the Cu matrix. It

was observed that for the investigated alloy, in case of 90%
Cu-10% Sn alloy the aspirates of counterpart steel disc can
abrade the copper alloy surface during dry sliding wear.
Under a wear contact pressure of 1.2MPa the wear rate of
90%Cu-10% Sn alloy after 1.2 km sliding distance was about 3
times higher than that of 85% Cu-10% Sn-5% C alloy. Similar
results were observed for high wear contact pressure up to
1.2MPa, as shown in Figure 6(b). This results in plastic strain
localization in the subsurface region, leading to the formation
of delaminating crack. The excessive delaminating of surface
layers of copper alloy matrix leads to a high wear loss, which
increases with increasing the contact pressure. Increasing the
wear contact pressure tends to cause high plastic deformation
of the matrix interface that can cause particle deformation.
Thus, the wear rates of the alloys were mainly dependent on
the level of the contact pressure.

The characteristics of wear resistance for both Cu-based
alloys (with and without graphite particles) were presented in
Figure 6(b), showing theweight loss variationswith respect to
sliding wear distance at constant contact pressure of 1.2MPa.
Using (1), the densification parameter (%) was calculated for
the selected Cu-based alloys and presented in Table 2. It
was observed the densification parameter increases with the
addition of Pb significantly. For low sliding distance (0.748
and 1.2 km) the 90% Cu-10% Sn alloy gives two times higher
wear rate compared to Cu-Sn-C compact. For the long sliding
distance, 1.87 km, the presence of graphite leads to an increase
in the wear resistance of the alloy by about three times.

The weight losses result in 90%Cu-10% Pb and Cu-Sn-Pb
alloyswith respect to slidingwear distance at constant contact
pressure of 1.2MPa as presented in Figure 7.Theweight losses
for 90% Cu-10% Pb alloy were slightly lower than that for
80% Cu-10% Sn-10% Pb alloy. Thus Sn in 90% Cu-10% Pb
compacts was harmful to wear resistance.

For comparison purposes, the weight loss for Cu-based
matrix alloys, at sliding distance of 1.258 km and contact
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Table 2:The weight losses in mg at sliding distance of 1.258 km and
contact pressure of 1.2MPa and the densification parameter for all
Cu-based alloys.

Alloy composition, wt.% Weight losses, mg Densification
parameter, %

90% Cu-10% Sn 80 12.01
85% Cu-10% Sn-5% C 30 14.61
80% Cu-10% Sn-10% Pb 178 34.03
90% Cu-10% Pb 115 36.45

W
ei

gh
t l

os
s (

m
g)

Sliding distance (km)

0

40

80

120

160

200

240

280

0.0 0.5 1.0 1.5 2.0

80% Cu-10% Sn-10% Pb
90% Cu-10% Pb

P = 1.2MPa

Figure 7: Weight losses in mg versus sliding distance in Km for the
heat-treated 80% Cu-10% Sn-10% Pb and 90% Cu-10% Pb alloys.

pressure of 1.2MPa, and the densification parameter were
presented in Table 2 for all Cu-based alloys. It could be
concluded from the wear resistance values for the Cu-based
alloys that the addition of C elements improves the wear
resistance of the alloys. On the contrary, the addition of Pb
elements degrades the wear resistance of the alloys.

Low wear losses of the counter surface were found with
the existence of the C large particles as affected by the particle
agglomeration.The introduction of large C particles weakens
the interlock inner connections between the Cu and Sn
particles resulting in low hardness, but the large particles
losses were reduced at these wear losses conditions. This was
on the contrary when compared to the effect of introduction
of the smaller Pb particles as observed in surface alloyed
coated particles [30, 31].

3.4. Compression Mechanical Measurements. Cylindrical
specimens of aspect ratio of ℎ

𝑜
/𝑑
𝑜
= 1.5 (ℎ

𝑜
and 𝑑

𝑜
were the

original height and diameter of the specimen, resp.) were
tested under frictionless conditions at the compression platen
interface. The tests were carried out at room temperature
usingMTS TestingMachine (Model 610) fitted with a 160KN
load cell operating in the displacement control mode. The
stress-strain responses of Cu-based alloys were measured
from uniaxially compression testing performed accordingly

Table 3: The compressive test results for the Cu-based alloys.

Alloy
Yield

strength
𝜎
𝑦

, MPa

Ultimate
strength
𝜎UTS, MPa

Elongation%

90% Cu-10% Sn 210 586 23
85% Cu-10% Sn-5% C 194 325 9
80% Cu-10% Sn-10% Pb 207 583 22.8
90% Cu-10% Pb 201 669 39

to ASTM standard E–9 for metals. The cross head speed
was adjusted to give an average strain rate of 7.6 × 10−4 s−1
across the specimen height. The test was terminated as the
first surface crack was observed. The tests were repeated
with three samples for each experiment. Figure 8 presents
the experimental results of the flow curve versus the strain
obtained by the compression tests for 90% Cu-10% Sn
with no additions, 85% Cu-10% Sn-5% C, 80% Cu-10%
Sn-10% Pb, and 90% Cu-10% Pb weight percentages alloys,
respectively.The Cu-Sn alloy indicates that high strength and
remarkable strain with respect to the 85% Cu-10% Sn-5%
C alloy in Figure 8(a). Brittle fracture was observed for
the 85% Cu-10% Sn-5% C alloy. The strength and ductility
were substantially affected by the addition of Sn and Pb
particles, as presented in Figure 8(b). The ductility of the
90% Cu-10% Pb alloys, as in Figure 8(a), demonstrated
improvement over the 90% Cu-10% Sn alloys, as presented in
Figure 8(b). In addition, the Pb addition for the Cu-Sn alloys
did not show any improvements in the strength or ductility
as seen in Figure 8(b). Comparison of the yield strength,
ultimate strength, and the elongation percentage for the
tested materials produced by the hot pressing PM technique
were extracted as in Table 3.

Similarly, with the introduction to the C large particles to
the Cu-Sn alloys the stress-strain response tends to decrease.
As explained through the hardness the addition of C weakens
the interlock inner connections between the Cu and Sn
particles, whereas the addition of Pb enhances it.

3.5. Fracture Surface. Copper particles coated with thin tin
were relatively small, irregularly shaped, and tending to
agglomerate. The Cu phase was dispersed with many pools
or lakes present in the compression fractured samples. The
high hardness may be attributed to the process of continuous
crystallization during the plastic deformation. Cu-Sn alloys
with the addition of C and Pb have been observed to undergo
mechanically induced fine crystallization as presented in
Figures 9(a) and 9(b). Fine crystal precipitation in Cu-Sn
alloys was also observed within vein protrusions on the
compression fracture surface and along crack propagation
paths, as well as within shear bands resulting from bending
[32]. The 85% Cu-10% Sn-5% C and 80% Cu-10% Sn-10% Pb
alloys show an apparently classical inclined fracture surface,
about 45∘ with the applied stress axis, which was similar to
that encountered for a variety of hardmetals [33] as presented
in Figures 9(a) and 9(b).
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Figure 8: The stress-strain curves for the heat-treated (a) 90% Cu-10% Sn and 85% Cu-10% Sn-5% C and (b) 80% Cu-10% Sn-10% Pb and
90% Cu-10% Pb alloys.
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Figure 9: SEM image of irregularity and rough morphology of the fracture surface for (a) compression fractured 85% Cu-10% Sn-5% C
alloys, (b) higher magnification showing melting droplets morphology, (c) compression fractured 80% Cu-10% Sn-10% Pb alloys, and (d)
higher magnification showing melting droplets morphology.

Evidence of severe melting spots were noticed as shown
in the higher magnifications of the fracture surface of 85%
Cu-10% Sn-5% C and 80% Cu-10% Sn-10% Pb alloys in
Figures 9(b) and 9(d). This could be due to the release of
the load at the final event of fracture in this limited area.
The fracture surface was linked to the formation of the very

fine particles in the alloys. This enhances the homogeneity of
the deformation, leading to the formation of multiple shear
planes instead of a single shear plane normally encountered
in 85% Cu-10% Sn-5% C and 80% Cu-10% Sn-10% Pb alloys
as presented in Figures 9(a) and 9(c).The viscosity of the Cu-
Sn alloys in the region where fewer fine particles exist will
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be lower. This leads to a less critical shear stress and a more
readily plastic deformation [34, 35].

4. Conclusions

Based on the results of the present study, the following
conclusions can be summarized:

(1) The Cu-Sn powder alloys were successfully fabricated
using hot pressing technique with the additions of C
and Pb.

(2) The hot pressed specimens Cu-Sn alloys included
intermetallic phases such as 𝛼-Cu and 𝛿-phase, which
were homogeneously distributed.

(3) As higher inner connections between Cu and Sn
particles have the higher mechanical interlock of
these alloys, the introduction of large C particles
weakens the interlock compared to the effect of the
smaller Pb particles as presented from the hardness
values.

(4) The effect of adding C improves the wear resistance of
the Cu-Sn alloys compared to alloys without graphite
addition by three times. Compressive properties of
Cu-Sn-C alloys were lower than those of Cu-Sn alloys.

(5) Significant differences in the mechanical properties
such as yield strength, ultimate, and elongation per-
cent of Cu-Sn and Cu-Sn-Pb alloys were noticed. Cu-
Pb alloy had higher mechanical properties than those
other compacts. Also, the wear resistance of Cu-Sn
alloy was considerably higher compared to the other
alloys.

(6) Evidence of severe melting spots was noticed in the
higher magnifications of the compression fracture
surface of 85%Cu-10% Sn-5%C and 80%Cu-10% Sn-
10% Pb alloys, as it could be explained by the release
of the load at the final event of fracture in this limited
area.
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