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Abstract
This research was carried out with the sole objective of investigating the structure and mechanical properties of Cu-Sn-Zn and
Cu-Sn-Mg alloys. The effect of zinc and magnesium content on the structural modification and mechanical properties of Cu-Sn
alloy was also investigated. Cu-10wt%Sn was used as the base alloy while zinc and magnesium of different concentration (0.21%wt) were used as the alloying elements. The alloys samples were developed using permanent die casting technique and
machined to the required dimension for the mechanical tests and structural analysis. Mechanical properties such as percentage
elongation, ultimate tensile strength, brinell hardness and impact strength were conducted using JPL tensile strength tester
(Model: 130812), dynamic hardness tester and impact testing machine respectively. The structural analysis was conducted
using an optical metallurgical microscope (model: L2003A) and scanning electron microscopy (SEM) equipped with energy
dispersive spectroscopy (EDS). Structural analysis of the control sample revealed the presence of α-phase and dendrite of
intermetallic compound. Fine and evenly distributed intermetallic phases were indicated in the alloy doped with zinc and
magnesium respectively. Mechanical tests results indicated that addition of zinc and magnesium significantly improved the
percentage elongation, ultimate tensile strength, hardness and impact strength of the alloy. Cu-Sn-Zn alloy showed increased
mechanical properties as the concentration of zinc increased. The hardness values of Cu-Sn-Zn and Cu-Sn-Mg alloys increased
as the zinc and magnesium content increased to 0.8%wt and decreased with further increase in the dopants content. Maximum
percentage elongation and impact strength of 17.3% and 63J respectively were obtained by the sample containing 1wt% zinc
while optimum hardness and ultimate tensile strength values of 285MPa and 312MPa respectively were obtained by the sample
containing 0.8%wtand 1wt% magnesium respectively.
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1. Introduction
Tin bronze is a copper based alloy containing tin as the
major alloying element usually in range of 75 to 95%Cu and 5
to 25%Sn [1]. The strength and ductility of tin bronze increase
with tin content up to 8%wt, above which the ductility
decrease rapidly with increase in tin content. Tin bronze is
comparatively hard with good wear resistance. It can be cast
into shape or rolled into wires, rods and sheets very easily [2].
Research [1] has shown that tin bronzes (Cu-Sn) are mostly

applicable in highest quality thermo-static bellows and other
parts that require resistance to severe stretching, good tensile
strength and elastic properties. They are also useful in
aerospace, ship building and automobiles industries as bearing
material. Cu–Sn alloys are applied extensively for the
production of hydraulic fittings, pump linings, utensils,
bearings, bushes, sheets, rods, wires, bell and gongs [1]. This is
mainly because of their interesting mechanical properties such
as excellent hardness, tensile strength and wears resistance,
good corrosion resistance and ductility.
It is known [3] that slowly cooled tin bronze (Cu-10%Sn)
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exhibits low strength and ductility as a result of the formation
of hard and brittle intermetallic phase (α +(α+ δ)) in the alloy
structure. This problem gave rise to this present research with
the sole objective of refining and modifying this existed
phase and hence improves the mechanical properties of the
alloy through alloying.
Various researches have been carried out on the structure
and mechanical properties of Cu-10wt%Sn but no emphases
have been given on the refining and modification of the
structure through alloying. Ketut et al., [4] investigated the
effect annealing temperature on the structure of tin bronze
(Cu-20%Sn). The study indicated that increase in annealing
temperature caused the precipitation of coarse grains, thereby
reduced the grain boundary and hence decreased the tensile
strength and hardness of the alloy. The study also indicated
that the damping capacity and impact strength increased with
increase in annealing temperature and grain size. Study [5]
indicated that high tin bronze alloys (20-22%Sn) are widely
used in production of music instrument such as bell,
saxophones, cymbals and materials for Javanese and Balinese
gamelan (gong). They have good acoustic properties, which
are capable of producing long-lasting sound, because of
slowly damping vibrations. They are hard and stable at room
temperature [5]. Eggenschwiler [6] investigated the effect of
addition of antimony (0 to 0.58%) on the structure,
mechanical properties of a bearing bronze (Cu-10%Sn10%Pb). The study revealed that addition of antimony
decreased the impact strength of the alloy. It was also
indicated that addition of antimony up to about 0.2% slightly
increased the hardness of the alloy, but further addition of
antimony, up to 0.58% caused little or no further change in
hardness. Martorano and Capocchi, [7] investigated the
dendrite structure control in directionally solidified tin
bronze castings. The structural analysis revealed an increase
in the columnar zone length when the pouring temperature
and heat extraction flux were raised simultaneously. Marcelo
and Jose [8] investigated the effects of processing variables
on the micro-segregation of directionally cast samples of Cu8wt%Sn alloy. The study reported a decrease in microsegregation along the longitudinal axis toward the cast
sample surface. Kumoto et al., [9] investigated the microsegregation and dendrite arm coarsening in tin bronze. It was
indicated that the secondary dendrite arm spacing γ2
decreased with increase in cooling rate or decreasing local
solidification time. Greater tin contents in the alloy caused a
decrease in secondary dendrite arm spacing in specimens
subjected to similar cooling rates. The majority of specimens
quenched in water immediately after solidification presented
micro-segregation indices greater than those measured in
non-quenched specimens subjected to the same solidification
cooling rate. The effects of tin on hardness, wear rate and
coefficient of friction of cast Cu-Ni-Sn alloys were studied
[10]. The results of the study revealed that hardness increased
when the tin (Sn) content increased from 4% to 8% in the
solution heat treated conditions. The peak ageing time was
found to decrease with an increase in the Sn content. Further,
the coefficient of friction was observed to be independent of

hardness whereas the wear rate decreased linearly with
hardness irrespective of Sn content. Krivtsova et al., [11] in
their study of the influence of equal channel angular pressing
on the microstructure and mechanical properties of singlephase tin bronze established that the size of the grain was
consistently refined with each new cycle of deformation. The
study indicated maximum hardness and tensile strength at
pressing temperature up to 230°C and 520°C respectively.
The evaluation of mechanical properties of high-tin bronzes
was investigated by Nadolski [12]. The study established that
both the ultimate tensile strength and impact strength of the
alloy decreased with corresponding increase in hardness of
the examined alloys as the tin content increased. This trend in
mechanical properties was attributed to the change in the
shape of α phase precipitates from dendritic one, occurring
within the range of 20-22 wt% of tin in the alloy, to the
acicular one developed when tin content in the alloy reached
23 wt% or more. It was also attributed to the crystallization
of nuclei in the form of β phase nucleating directly from the
liquid phase. The influence of crystallization conditions of
leaded tin bronze on the obtained microstructure parameters
was examined by Martyushev et al., [13]. The results of the
study indicated that maximum mechanical properties were
obtained at high cooling rates (casting into mold at ambient
temperature) compared with low cooling rates (casting into
mould heated up to 800°C). Sergejevs et al., [14] investigated
the influence of casting velocity on mechanical properties
and macrostructure was studied and optimal velocity
parameters were given. The study revealed a significant
effect of the velocity of continuous casting on the mechanical
properties of tin bronze, which was also reflected in the
macrostructure of the selected samples. Kexing et al., [15]
studied the crystallization under pressure processing of Cu10Sn-4Ni-3Pb alloy in a bid to improving the wear
resistance, segregation and mechanical properties of the
alloy. The results showed that the dendrite has obviously
disappeared and the dendritic segregation alleviated by using
the crystallization under 680MPa pressure process, in
comparison with the remarkably dendrite microstructure and
severe as-cast defects of alloy prepared by traditional melting
and casting technology. Based on the experimental study, the
properties and microstructures of Cu-10Sn-4Ni-3Pb tin
bronze prepared by crystallization under pressure were
improved significantly.

2. Materials and Method
Copper wire and tin powder of 99.99% and 98.5% pure
respectively were used as the base materials for this
experimental study while zinc and magnesium powder of
98.7% and 99.8% pure respectively were used as the alloying
element. 1000g of pure copper wire was charged into a
preheated bailout crucible furnace and heated until melting
was achieved at a temperature of 1200°C. Thereafter, 31g of
pure tin powder wrapped in an aluminium foil was
introduced into the melt, stirred vigorously and left for 10
minutes to achieve a complete dissolution of the tin metal.
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The melt was poured into a preheated permanent die mould
cavity of dimension of 250mm in length and 16mm in
diameter and allowed to cool to ambient temperature. The
procedure was repeated and the melt was doped with pure
zinc and magnesium at concentrations of 0.2, 0.4, 0.6, 0.8
and 1wt% respectively, stirred and cast. The cast samples
were machined to the required dimensions for the mechanical
tests. The tensile strength, hardness and impact strength of
the developed alloys were determined using an automated
100KN JPL tensile strength tester (Model: 130812), portable
dynamic hardness testing machine (Model: DHT-6) and
impact testing machine (Model: U1820) respectively. The
samples for structural analysis were subjected to filing,
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grinding, polishing and etching. The filing was performed
using a rectangular file and an electric grinding machine.
Subsequently, the specimens were ground using emery paper
of grid sizes (400, 600, 800 and 1200µm), polished to mirror
finish using an aluminium oxide powder (gamma alumina,
Al2O3), rinsed with water and dried using an air-gun drying
machine. The specimens were subjected to etching by
swabbing them to a mixture of 10g of iron (III) chloride,
30cm3 of hydrochloric acid and 120cm3 of water) for
60seconds, after which the surface morphology was
examined using an optical metallurgical microscope (model:
L2003A) and scanning electron microscopy (SEM) at
magnifications of x400 and x1500 respectively.

3. Results and Discussion
3.1. Microstructure Analysis

Figure 1. Micrograph of Cu-10wt%Sn alloy (control).

Figure 2. Micrograph of Cu-10wt%Sn-0.2wt%Mg alloy.
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Figure 3. Micrograph of Cu-10wt%Sn-0.6wt%Mg alloy.

Figure 4. Micrograph of Cu-10wt%Sn-0.8wt%Mg alloy.

Figure 5. Micrograph of Cu-10wt%Sn-1wt%Mg alloy.
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Figure 6. Micrograph of Cu-10wt%Sn-0.2wt%Zn alloy.

Figure 7. Micrograph of Cu-10wt%Sn-0.6wt%Zn alloy.

Figure 8. Micrograph of Cu-10wt%Sn-0.8wt%Zn alloy.
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Figure 1 represents the microstructure of tin bronze (Cu10wt%Sn) in an as-cast condition. Figure 1 showed that the
microstructure of the control sample comprised of eutectic αsolid solution (the region where tin formed a solid solution
with the copper matrix) and a typical dendrite of intermetallic
compound (Cu3Sn). Figure 1 showed that the structure
consisted of coarse intermetallic compounds Cu3Sn and
Cu31Sn8 precipitated in the copper matrix. Analysis of
Figures 2-5 showed clearly that addition of magnesium
refined and modified the form and size of the intermetallic
compound. Figures 2-5 revealed that the precipitates formed
decreased in size and dispersed evenly as the concentration
of magnesium increased in the copper matrix. The
micrographs show dendrites of copper solid solution as the
primary phase, with a eutectic mixture filling the

interdendritic spaces. The eutectic is of the divorced typeparticles of a second phase in a solid solution. The secondary
phase can be intermetallic compounds such as Cu-CuMgSn,
CuMg2-Mg2Sn, and Cu2Mg-Mg2Sn. Figures 6-8 indicated the
grain refining effect of zinc on the structure of the alloy in an
as-cast condition. The coarse monoclinic intermetallic
compounds formed in the as-cast structure were greatly
refined by the addition of zinc (Figure 6). Zinc enhanced
nucleation rate of ε-precipitate. Zinc atoms have a large
effect on the distribution of vacancy clusters and modifying
the structure of ε- precipitate. This is thought to take place by
eliminating the coarse planer features and the non-uniformity
within the microstructure and consequently increased the
lattice parameter and decreased the integral intensity.

3.2. Scanning Electron Microscopy (SEM) and Energy Dispersive Spectroscopy (EDS) of the
Developed Alloys

Figure 9. Micrograph (SEM) of Cu-10wt%Sn alloy (Control).
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Figure 10. EDS spectrum of Cu-10wt%Sn alloy.

Figure 11. Micrograph (SEM) of Cu-10%Sn-0.8%Mg alloy.
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Figure 12. EDS spectrum of Cu-10wt%Sn-0.8wt%Mg alloy.

Figure 13. Micrograph (SEM) of Cu-10wt%Sn-1wt%Zn alloy.
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Figure 14. EDS spectrum of Cu-10wt%Sn-1wt%Zn alloy.

The scanning electron microscopy and energy dispersive
spectroscopy of Cu-10%wt. Sn doped with magnesium and
zinc are presented in Figures 9-14. Scarcely distributed typical
dendrite of intermetallic phase was evidenced in Figure 9.
Figure 11 and 13 revealed fine intermetallic phases evenly

distributed in the copper matrix. Analysis of Figure 10 showed
that the control sample consisted of four elements such as Cu,
Sn, O and Br while the alloy doped with magnesium consisted
of Cu, Sn, Mg, Fe, Si, C, O and Br (Figure 12). Figure 14
indicated the presence of Cu, Sn, Zn, C, O and Br.

3.3. Mechanical Properties of the Developed Alloys

Figure 15. Effect of alloying elements on the percentage elongation of tin bronze (Cu-10wt%Sn).
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Figure 16. Effect of alloying elements on the ultimate tensile strength of tin bronze (Cu-10wt%Sn).

Figure 17. Effect of alloying elements on the hardness of tin bronze (Cu-10wt%Sn).
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Figure 18. Effect of alloying elements on the impact strength of tin bronze (Cu-10wt%Sn).

A detailed analysis of Figures 15-18 showed clearly that
addition of zinc and magnesium to Cu-10wt%Sn alloy
significantly improved the percentage elongation, ultimate
tensile strength, hardness and impact strength of the alloy. It
was indicated in Figures 15 and 18 that the percentage
elongation and impact strength of Cu-10wt%Sn-Zn alloy
increased with increase in zinc content with maximum values
of 17.3% and 63J respectively obtained at 1wt% Zn content.
Different trend in mechanical properties was observed in Cu10wt%Sn-Mg alloy as the percentage elongation and impact
strength of the alloy decreased with increase in magnesium
content with maximum values of 15.6% and 31J obtained at
0.2wt% magnesium content. Figure 16 showed that the
ultimate tensile strength of Cu-10wt%Sn-Mg and Cu10wt%Sn-Zn alloys increased with increase in zinc and
magnesium content with maximum values of 312MPa and
310MPa respectively. The hardness of Cu-10wt%Sn-Zn and
Cu-10wt%Sn-Mg alloys increased as the zinc and
magnesium content increased to 0.8wt% with maximum
value of 283MPa and 285 MPa respectively and decreased to
213MPa and 269MPa with further increase in zinc and
magnesium contents respectively.

Addition of zinc and magnesium to Cu-10wt%Sn alloy
significantly improved the percentage elongation, ultimate
tensile strength, hardness and impact strength of the alloy.
This was attributed to the presence of dispersed fine
precipitates of intermetallic phases in the alloy structure.
The percentage elongation and impact strength of Cu10wt%Sn-Zn alloy increased with increase in zinc content
with maximum values of 17.3% and 63J respectively
obtained at 1wt% Zn content. Different trend in mechanical
properties was observed in Cu-10wt%Sn-Mg alloy as the
percentage elongation and impact strength of the alloy
decreased with increase in magnesium content with
maximum values of 15.6% and 31J obtained at 0.2wt%
magnesium content.
The ultimate tensile strength of Cu-10wt%Sn-Mg and Cu10wt%Sn-Zn alloys increased with increase in zinc and
magnesium content with maximum values of 312MPa and
310MPa respectively.
The hardness of Cu-10wt%Sn-Zn and Cu-10wt%Sn-Mg
alloys increased as the zinc and magnesium content increased
to 0.8wt% with maximum value of 283MPa and 285 MPa
respectively and decreased to 213MPa and 269MPa with
further increase in zinc and magnesium contents respectively.

4. Conclusion
The investigative study of the structure and mechanical
properties of Cu-10wt%Sn-Mg and Cu-10wt%Sn-Zn alloys
has been carried out in details using the standard engineering
techniques. The following conclusions were drawn from the
results of the study.
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