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The main objective of this research is to study the grain refinement and improved trend in mechanical properties of brass (Cu-20wt%Zn) doped with tin. Tin was
added in concentrations of (x: 0.1, 0.3, 0.5, 0.8, and 1wt%). The alloy samples were produced by permanent die casting and machined to the required dimensions for the
structural analysis and mechanical tests. Mechanical properties studied were percentage elongation, ultimate tensile strength, and Brinell hardness using a T00KN JPL
tensile strength tester (Model: 130812) and portable dynamic hardness testing machine (Model: DHT-6) respectively. The structural analysis was conducted using an
optical metallurgical microscope (Model: L2003A) and scanning electron microscopy (SEM) equipped with EDS. The results of the structural analysis showed that the
control specimen consisted predominantly of coarse a-phase of zinc in copper (Cu,Zn). The samples doped with tin consisted of refined a-grains with patches of the
second phase (Cu,Sn,). Mechanical test results indicated that the addition of tin to alpha brass improved the ultimate tensile strength and hardness with a slight decline
in percentage elongation. The values recorded for ultimate tensile strength and Brinell hardness were 322MPa and 176HB respectively.

Introduction

Copper remained a widely used metal renowned for its high
electrical conductivity. The quest for an excellent combination
of ductility, strength, hardness, electrical, and thermal
conductivities makes copper alloys outstanding for a wide
range of applications [1-3]. These properties are bestowed when
copper is alloyed with other elements in specific quantities for
a variety of purposes. It has been established over the years
that some elements form a binary system with copper; zinc and
tin being predominant [3,4]. Brasses have been distinguished
from other alloys of copper due to their corrosion resistance,
and high thermal and electrical conductivities. The name of
the alloys was also derived from the alloying elements of brass
ie silicon brass, leaded brass, tin brass, etc. Some alloying
elements form intermetallic compounds in the structure of
brass and alter the proportion of alpha, beta, or gamma phases
[5-7]). This strengthening effect and improved mechanical

properties were attributed to a reduction in grain size, modulus
effects, and interfacial or surface energy (7,8].

Earlier research shows that an aluminum and titanium
addition has an influence on the microstructure and mechanical
properties of leaded brass and indicates structural modification
and improved mechanical properties. Metastable phases of
Cu,ZnTi and CuZnTi were revealed in Cu-40Zn alloy with a
yield strength and ultimate tensile strength of 345MPa and
597MPa respectively [9,10]. The effect of the addition of tin,
manganese, and silicon to brass shows enhanced structure,
and improved mechanical properties and aids machining
chip formation. It was found that the addition of tin together
with silicon to Cu-40Zn alloy increased the amount of beta
(B) phase and more uniform dispersive gamma (y) phase.
In the case of 60Cu-0.5Si-39.5Zn brass a hardness value of
123.4HV, Cu-38Zn-xFe3.3Sn alloy with improved hardness
from 95HV-175HV.while Cu-40Zn-CrFe0.6Sn recorded 35%,
158HV, 300MPa, and 600MPa for ductility, hardness, yield,
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and ultimate tensile strength respectively [11-16]. The main
objective of this research is to develop alpha brass of medium
zinc content with enhanced microstructure and improved UTS
and hardness in addition. The studied brass can serve as an
alternative to tin bronze because of its cost-effectiveness and
can be used in electrical terminals, automotive coolers, heat
exchangers, plugs, lamp fittings, locks, ship-forging products,
tubes, valves, decorative hardware, and architecture.

Methodology

The materials used for the experimental study were copper
wire, zinc granules, and tin powder of percentage purity of
99.4%, 99.5%, and 98.9% respectively. The copper wire is
reddish brown in color with a gauge thickness of 6 mm, zinc
of silver gray amorphous granule with size 3 mm - 5 mm,
and tin silvery rough powder with a thickness of 30 pm - 60
pm. The quantities of these materials were determined using
weight percent calculation and measured using an electronic
compact scale (Model: BL20001). For the control sample (Cu-
20wWt%Zn), 404 g of copper was charged into the preheated
(700 °C) bailout crucible furnace and heated until melting was
achieved slightly above 1083 °C. Thereafter, 105 g of pure zinc
granule was introduced into the melt and stirred to achieve
homogeneity. Extra 4g of copper and 5 g of zinc were added
to compensate for percentage oxidation losses during heating.
The mixture was stirred for 15 seconds to achieve a complete
dissolution of the zinc metal. The prepared permanent mold
was preheated at a temperature of 200 °C. The melt was
poured into the preheated permanent mold and allowed to
cool to ambient temperature. The Cu-20wt%Zn-xSn were
developed by repeating the same procedure with tin addition
in concentrations of 0.1, 0.3, 0.5, 0.8, and 1.0wt%. The tensile
test samples were machined to 120 mm in length and 10 mm
in diameter with a gauge diameter and length of 8 mm and 50
mm respectively. A tensile load of 100KN was applied to the
specimen as the jaws separated apart until the test specimen
fractured. The length of the samples before and after fracture
was recorded. The load force and extension at the point of
fracture were read directly from the indicator scale at the
control system and recorded. The UTS was calculated from
o = P . /A where ¢ is UTS, P is the maximum load, A is the
cross-sectional area of the samples, and %E calculated from
L,-L /L, x 100 where L is the original length, L, is final length.
The hardness samples were machined to 20 mm in length
and 16mm in diameter. The result was recorded after a load
capacity of 612.9N with a 2.5 mm ball diameter for 15 seconds.
The surface morphology of the developed Cu-20wt%Zn-xSn
alloys was analyzed using an Optical Metallurgical Microscope
(OM) and Scanning Electron Microscopy (SEM) equipped with
EDS. Prior to the analysis, the sample surfaces were ground
with emery paper of different grit sizes, polished with pure
aluminum powder to a mirror surface, and etched in iron III
chloride solution, HCI, and water. The samples for SEM were
positioned and scanned and the energy peaks emitted by each
constituent element were recorded.

Discussion

Tables 1,2 show the chemical composition and the
mechanical test results of alpha brass (Cu-20Zn) with tin
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Table 1: Chemical composition of alpha-brass alloy (Cu-20Zn) without & with (0.1,
0.3,0.5,0.8 and 1.0) wt% Sn additions.

Alloy Elements (wt%)
composition Cu Zn Sn Ag Al cl
BZ20 (Control) 80.00 19.98 0.020
BZ20-0.1Sn 79.91 19.98 0.095 0.001 0.010 0.0010
BZ20-0.3Sn 79.69 19.99 0.305 0.0028 0.012 0.0010
BZ20-0.5Sn 79.50 19.97 0.510 0.003 0.010 0.0015
BZ20-0.8Sn 79.22 19.96 0.800 0.004 0.015 0.0015
BZ20-1.0Sn 79.03 19.95 1.001 0.005 0.010 0.0020

Table 2: Mechanical properties of alpha-brass alloy (Cu-20Zn) without & with (0.1,
0.3,0.5,0.8 and 1.0) wt% Sn additions.

Alloy Mechanical properties
composition %E UTS (MPa) BHN
BZ20 (Control) 28.2 164 124
BZ20-0.1Sn 29.2 179 133
BZ20-0.3Sn 29.1 213 138
BZ20-0.5Sn 27.6 237 150
BZ20-0.8Sn 25.1 290 165
BZ20-1.0Sn 22.5 322 176

addition. Table 1 revealed that there are other impurity elements
found in the doped alloy in minor fractions. These were
contained in the compositional content of tin powder produced
by the manufacturer and may have an effect on the results.
Figures 1-3 show the variations in percentage elongation,
ultimate tensile strength, and hardness of Cu-20Zn-xSn. The
Standard Deviation (STD) of each of the mechanical test results
was calculated using ¢ = +/£(X- x)?/N. The standard deviation
values for %E, UTS, and Brinell hardness were # 2.4, + 56.65,
and + 18.15 respectively. The experimental results showed
that the percentage elongation, ultimate tensile strength,
and hardness of the parent alloy were 28.2%, 164MPa, and
124BHN respectively. The percentage elongation of the parent
alloy increased by 3.5% after a trace addition of 0.1wt% tin
with a corresponding decline as tin content increased. The
increase in %E is discontinued as tin goes into solution with
copper forming a second phase (Cu,Sn,). The addition of tin to
as low as 0.1wt% increased the ultimate tensile strength and
hardness of the control sample by 9.1% and 7.2%respectively.
It is obvious from the micrographs in Figures 4b-4f that the
addition of tin refined the grain morphology of the parent
alloy, leading to an improvement in UTS and hardness to
322MPa and 176HB respectively. The values obtained from
this study were in the range of values obtained by Nnakwo, et
al. 2017; Cu-10Sn-1.0Ni alloy with UTS of 300MPa, Haruhiko,
et al .2010; Cu-40Zn-CrFe0.6Sn recorded 35%, 158HV, and
600MPa for ductility, hardness, and ultimate tensile strength,
Sasiworada et al., 2013; 60Cu-0.5Si-39.5Zn with a hardness
value of 123.4HV, Moustafa, et al. 2016; Cu-38Zn-xFe3.3Sn
alloy with hardness 95HV-175HV. Figures 4e-41 also shows
that informed solid solubility with copper dispersed as the
second phase. These improvements can also be linked with the
decrease in the grain size and IMC formed at grain boundaries
creating more barriers to dislocation movement. The EDS of
the Cu-20Zn alloy contains aluminum as the only impurity
while Cu-20wt%Zn-xSn has other impurities (Al, Ag, Cl) in
minor quantities (Figure 5a,b). As tin concentration increased
the volume of the second phase (CuSSnS) in the alloy increased.
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Figure 1: Percentage elongation of Cu-20wt%Zn-xSn alloy.
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Figure 2: Ultimate tensile strength of Cu-20wt%Zn-xSn alloy.
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Figure 3: Brinell hardness of Cu-20wt%Zn-xSn alloy.
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Figure 4: Optical microstructure of (a) Cu-20Zn (as-cast) (b) Cu-20Zn-0.1Sn (c) Cu-
20Zn-0.3Sn (d) Cu-20Zn-0.5Sn (e) Cu-20Zn-0.8Sn (f) Cu-20Zn-1.0Sn (g) SEM of Cu-

20Zn (h) SEM of Cu-20Zn-0.1Sn (i) SEM of Cu-20Zn-0.3Sn (j) SEM of Cu-20Zn-0.5Sn
(k) SEM of Cu-20Zn-0.8Sn () SEM of Cu-20Zn-1.0Sn.
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Figure 5: EDS of (a) Cu-20Zn (b) Cu-20Zn-1.0Sn.

Conclusion

Insight into the microstructure and mechanical properties
of Cu-20wt%Zn-xSn ternary alloy in addition have been
investigated using standard engineering techniques. The XRD
elemental composition showed the inclusion of other impurities
other than tin. The structure of the control sample primarily
consists of the a-phase (Cu,Zn) of zinc in a copper matrix.
The structure of Cu-20wt%-xSn showed refined precipitates
of o-phase with patches of the second phase (Cu,Sn,)
dispersed in the alloy matrix. The second phase (Cu,Sn,)
precipitates increased in the alloy matrix as the concentration
of tin increased. The ultimate tensile strength and hardness
of the investigated alloy increased with an increase in the
concentration of tin while %E showed a decline. Alpha brass
Cu-20wt%Zn exhibited more ductile fracture than the alloy
doped with tin (Cu-20wt%Zn-xSn). The values recorded for
ultimate tensile strength and Brinell hardness increased from
164MPa - 322MPa and 124MPa - 176HB respectively. Although
the structure and mechanical properties of the studied alloy
were sensitive to an increase in the concentration of tin within
the limit of this study, there is still a need for optimization of
Sn in alpha brass as mechanical results of other researchers
(30%wtZn, 40%wtZn) were still increasing.
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