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CuSn10-Gr nanocomposite powders were successfully synthesised by mechanical alloying of the powder mixtures of CuSn10 and Gr (1, 3 and
5 wt%, respectively, of Gr). The effects of increasing the graphite particles weight percentage and milling time on the morphology, the particle
size and the microstructure of the CuSn10-Gr nanocomposite powders were investigated. The CuSn10-Gr nanocomposite powders were
characterised using a scanning electron microscope, a laser particle-size analyser, X-ray diffraction analysis and energy dispersive X-ray
analysis. The results show that the addition of the graphite particles as the reinforcement and the milling time has an important effect on
the particle size, the morphology and the yield of the powder. The electron microscopy studies showed the formation of the equiaxed
grains with a wide size distribution ranging from 50 to 250 nm. It was found that the particle size decreased until the creation of a balance
between the rate of welding and fracturing. Moreover, the powder yield dropped drastically with the increasing milling time and the
decreasing graphite content.
1. Introduction: Nowadays, there are potential applications for the
nanocomposite materials because of their superior mechanical
properties (strength and ductility with attendant workability) in
comparison with monolithic materials. However, the method of
production and the amounts of the components are vital
challenges for the researchers in this field. In recent years,
nanocomposite materials have received serious attention from
researchers in view of their superior properties compared to either
monolithic material or composites containing a coarse-grained
reinforcement phase [1].
Copper-based materials are widely used in many industrial appli-

cations because of their good wear resistance and friction ductility,
remarkable corrosion resistance, as well as self-lubrication proper-
ties, such as sliding bearings, sleeves, brushes and other compo-
nents. CuSn bronzes have been used for a long time in many
tribological fields on account of their self-lubricating, high strength
and corrosion resistance properties. At the same time, these materi-
als have a high wear resistance and hardness. In these alloys, Sn was
used at 4–10 wt%. These types of bronzes have been used in the
chemical industry, navigation, pivots, springs in electrical engineer-
ing, machine production, gears against corrosion resistance and
crank pivot bearings [2]. Cu-based P/M composites are extensively
used in the friction devices of various machines and mechanisms
because of a good heat conductivity, wear resistance and stable
chemical properties. Solid lubricants can be added into the Cu
matrix for improving the wear resistance. Solid lubricant-rich
films which are beneficial for improving the wear resistance could
be produced between the contact surfaces in the friction process
because of the lamellar structure and the softness of these solid
lubricants. Graphite as a solid lubricant is widely used because of
its low cost and excellent lubrication performance [3].
Nanosized materials have attracted considerable attention

because of their improved physical, mechanical, optical and mag-
netic properties in comparison to coarse-grained polycrystalline
materials. These properties arise from the crystallite size refinement
down to the nanoscale and the consequent high density of the inter-
faces as well as the significant fraction of the atoms residing at the
grain boundaries. These materials are fabricated through various
methods. Among these, mechanical alloying (MA) is one of the
useful methods for the production of nanostructured powders by a
solid-state reaction at room temperature. The nanosized materials
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can be readily produced by MA with relatively inexpensive equip-
ment, and there is the potential for scale up production for commer-
cial quantities [4]. MA is a solid-state powder processing technique
involving repeated deformation, welding and fracturing of the
powder particle. MA has been widely used to synthesise a variety
of materials, such as amorphous alloys, nanocrystalline materials,
intermetallic compounds and composites. In almost all the cases,
the final product has a nanosized structure which exhibits better
properties and performance compared with conventional coarse-
grain materials [5].

Previous studies have discussed the production of composite
powders, metal matrix composite and nanocomposite using the
MA method. Different materials and methods have been used in
these studies. For example, Khadem et al. [1], Woo and Zhang
[6], Wang et al. [7] and Mostaed et al. [8] produced nanocomposite
powders with different matrix and reinforcement materials by using
the MA process. However, there are no studies on the synthesis and
the characterisation of the CuSn10-Gr nanocomposite powders
by the MA method.

Therefore the objective of the reported work was the production
of the CuSn10-Gr nanocomposite powders and the investigation of
the effect of the graphite content and the milling time on the morph-
ology, particle size and microstructure of the CuSn10 – 1 wt% Gr, the
CuSn10 – 3 wt% Gr and the CuSn10 – 5 wt% Gr nanocomposite
powders during the MA process.

2. Experimental procedures: High purity CuSn10 powder
(Gündoğdu Exotherm Company, Turkey) with mean particles
sizes of 28 µm and graphite powders (Alfa Easer, Germany) with
particle sizes of 30 µm were used as the starting materials. MA
was performed in a planetary ball mill (Fritsch ‘Pulverisette 7,
Premium line’) by using a tungsten carbide container and balls. A
total of 25 g powder with no process control agent was used in
all the MA runs. The samples were milled at different graphite
particles weight percentages (0, 1, 3 and 5 wt%), milling times
(0.5, 1, 2, 5, 8, 12 and 24 h) and balls-to-powder weight ratio
(10:1). The other parameters applied were: ball diameter (10 mm)
and speed (400 rpm), respectively.

The size distributions (d50) of the as-received and milled
powders were quantified by using a laser particle size analyser
(Malvern, model ‘Mastersizer Hydro 2000e’). The morphology
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and microstructure investigations of the composite powders were
performed using a scanning electron microscope (SEM) (Zeiss
Evo LS10). Energy dispersive X-ray spectroscopy spot analysis
was employed to quantify, determine and indicate the composition
of the resulting powders. A Rigaku Corporation X-ray diffractometer
was used to study the structural evolution of the milled powders.
3. Results and discussion
3.1. Morphology and particle size: Figs. 1 and 2 show the SEM
images of the CuSn10 – 3 wt% Gr and the CuSn10 – 5 wt% Gr
nanocomposite powders mechanically alloyed for different
milling times. In the early stages of MA (from 0.5 to 2 h), the
Figure 1 SEM images of the CuSn10 – 3 wt% Gr nanocomposite powders
a 1 h
b 5 h
c 24 h
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CuSn10 powders are still soft, and cold welding predominates.
Consequently, the particles size increases (Figs. 1 and 2). The
particles shape has become flattened because of the cold working
effects during the milling process (Figs. 1a and 2a). When the
graphite content is low, the CuSn10 particle deformation and the
cold welding are the predominant mechanisms. By increasing the
graphite content, the contribution of the fracture mechanism is
increased and consequently the particle size is decreased (Fig. 3).
Cold welding between the CuSn10 powders decreased with
increasing graphite content and so the efficiency of the ball-
powder-ball collisions increased with increasing graphite content
in the milling vial. Fracturing of some flattened powder particles
is observed after 2 h. Continuation of the MA for 5 h resulted in
Figure 2 SEM images of the CuSn10 – 5 wt% Gr nanocomposite powders
a 1 h
b 5 h
c 24 h
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Figure 3 Effect of the milling time and the graphite content on the particle
size

Figure 5 Variation of the powder yield as a function of the milling time
the fragmentation of the particles (Figs. 1b and 2b) and a reduction
of the average particles size. However, the cold welding process
continued until the end of a 5 h milling for the monolithic
CuSn10 powders (Fig. 3). Eventually, when the milling time
increased to 24 h (Fig. 2c) a balance was established between the
cold welding and the fracturing events and a steady-state situation
was obtained. This means that the distribution of the graphite
particles in the CuSn10 matrix is very uniform at this stage. Also,
the average particles size of the CuSn10 – 5 wt% Gr powder at
the end of 24 h milling was 50–200 nm (Fig. 2c). In all cases, a
similar trend in the powder particle size was observed, that is, an
initial increase followed by a decrease and then a steady state.
This behaviour can be attributed to the cold welding of the initial
ductile particles followed by a work hardening and thus the
fracturing of the powder particles. When the rate of the cold
welding and the fracturing process is equal, a steady state is
achieved [1, 9]. Moreover, it should be noted that although a
process control agent was not used in the MA process, graphite
prevented excessive cold welding between the ductile particles
and the ball-vial surfaces. Therefore it can be said that the
graphite acted as a process control agent. In addition, it is
observed that the powder agglomeration increased with the
increasing milling time because of a decrease in the particle size
(Figs. 1c and 2c). The agglomeration and the growth of the
nanoparticles could be attributed to the surface free energy of the
nanoparticles [10–12]. As can be seen in Fig. 4, there was no
reaction between CuSn10 and the graphite particles for different
Figure 4 XRD patterns of the CuSn10 powders
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milling times as the CuSn10 phase was still present in the powder
mixtures.

3.2. Powder yield: Powder yield is one of the most important
indicators to estimate the milled powders recovered after the MA
process, which is commonly expressed by the ratio between the
weight of the powders before and after ball milling. The powder
yield can also quantificationally reflect the adhering degrees of the
powders during MA. During the MA process, constant collisions
among the milling balls, the powders and the milling vial result in
the plastic deformation of the CuSn10 powders. Owing to the
increase of the surface activity, the refined powders will be
inclined to get together and will be coated onto the milling balls
and the vial spontaneously [13]. The yield of the MA process was
calculated as the weight ratio between the total powder loaded
into the milling vial and the powder collected at the end of the
process. As a result, the increasing graphite content can greatly
increase the powder yield, which is an important material in
overcoming the adhering problem (excessive cold welding) during
the ductile-brittle milling process. Fig. 5 shows the variation of
the powder yield as a function of the milling time. It is shown in
Fig. 5 that the increasing graphite content further led to an
increasing powder yield. It should be noted that the effect of the
graphite content on the powder yield is very important in milling
without a process control agent.

4. Conclusions: CuSn10-Gr nanocomposite powders were
synthesised by a MA process. The conclusions can be
summarised as follows:

1. On increasing the milling time and the graphite content, the par-
ticle size of the CuSn10-Gr nanocomposite powders is decreased.
The average particle sizes of the CuSn10 – 5wt% Gr powder after
24 h milling is about 50–200 nm.

2. It was found that the addition of graphite has a great influence on
the powder morphology. Particle agglomeration is observed in the
nanocomposite powders because of the surface free energy of the
nanoparticles.

3. Graphite can be prevented from excessive cold welding in the
mechanical alloying process without a process control agent.

4. The powder yield of the samples increased with increasing
graphite content. In other words, higher graphite content leads to
a higher powder yield.
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