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Background

Copper stands out among non-ferrous metals due to its 
superior electrical and thermal conductivity, excellent corrosion 
resistance, good ductility and malleability, and adequate tensile 
strength. The constant demand from the electrical industry 
for the world's dwindling copper resources has prompted 
the search for more affordable materials to substitute the 
increasingly costly copper alloys [1,2]. While metallurgists have 
been enhancing the ductility of mild steel, engineers have been 
devising more effi cient metal-forming techniques. As a result, 
copper alloys are now reserved for applications where high 
electrical conductivity or a combination of good formability 
and corrosion resistance is essential [3,4]. Copper-based alloys 
encompass bronzes and brasses, with the latter being copper-
rich alloys that include tin, aluminum, silicon, beryllium, 
cerium, etc. Cu-30%Zn alloy, a type of brass where zinc is 
the primary alloying element added to copper, is valuable in 

numerous engineering structures, with various alloys fi nding 
applications across different industries [5,6]. According to the 
ISO 428 specifi cation, most types of brass consist of 5% - 30% 
by weight of zinc, along with other alloying elements like tin, 
nickel, manganese, and silicon in varying amounts [7]. The 
higher strength of brass compared to other copper alloys makes 
it particularly suitable for manufacturing Plumbing and Pipe 
Fittings, Electrical Components, Musical Instruments, Marine 
Hardware, Decorative Items and Jewelry, and Automotive 
Industry [8,9]. Brass offers a unique blend of chemical and 
mechanical properties that surpasses many other alloy series, 
making it especially favored for critical applications. Despite 
these advantageous traits, most brass performs poorly in certain 
critical applications, such as subsea weapons ejection systems, 
aircraft landing gear components, and power plant facilities. 
It is crucial to address these clear performance limitations in 
brass to align with the demands of modern technologies [10]. 
Modifying the structure of brass involves employing one or a 
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combination of these processes: heat treatment, alloying, and 
deformation. Typically, the method chosen is determined by 
its cost-effectiveness. The mechanical properties of brass are 
infl uenced by how extensively zinc and other alloying elements 
alter the structure [11,12]. There are two main methods of 
alloying, namely, macro and micro alloying. Macro alloying 
involves the addition of alloying elements in large quantities 
to a metal or alloy, resulting in signifi cant changes to its 
composition and properties. In contrast, microalloying utilizes 
small amounts of elements for a specifi c effect [13-16]. Macro 
alloying can greatly impact the metal’s mechanical, physical, 
and chemical properties, addressing specifi c requirements 
and enhancing performance in targeted applications. The 
effects of macro alloying can include improved strength, 
increased hardness, enhanced corrosion resistance, better heat 
resistance, or other desired property modifi cations [17-21]. 
The selection of macro alloying elements depends on factors 
such as the base metal, desired properties of the fi nal alloy, 
and intended application. Examples of common macro alloying 
elements include chromium (Cr), nickel (Ni), molybdenum 
(Mo), manganese (Mn), and tungsten (W), each contributing 
unique characteristics such as increased strength, improved 
wear resistance, or enhanced heat resistance [22-24].

Macro alloying is critical in developing advanced materials 
for the aerospace, automotive, construction, and energy 
industries. Manufacturers can customize alloys by strategically 
incorporating macro alloying elements to meet specifi c 
performance requirements, producing stronger, more durable, 
and more effi cient materials [24-26]. It is worth noting that 
the concentration of macro alloying elements is signifi cantly 
higher compared to microalloying. Therefore, carefully 
considering the alloy’s composition and the potential effects 
of macro alloying is essential to ensure the desired properties 
are achieved while maintaining overall material integrity and 
performance Ozgowicz, et al. [27]. Microalloying refers to 
adding small amounts of specifi c alloying elements to a metal 
or alloy to achieve desired improvements in its properties. 
Unlike macro alloying, which involves adding elements in 
larger quantities, microalloying focuses on precise additions 
of elements to achieve targeted effects at the microstructural 
level [14].

The added micro-alloying elements interact with the base 
metal or alloy on a microscopic scale, infl uencing the material’s 
mechanical, physical, and chemical properties. These elements 
are chosen based on their ability to form stable compounds 
or phases within the microstructure, leading to enhanced 
strength, toughness, corrosion resistance, or other desired 
characteristics [11,12,28].

The research will help to reduce the factors that lead to 
failure in engineering designs and construction by creating 
reliable alloys with better mechanical properties than 
traditional ferrous materials like stainless steel. To achieve 
this, carbide-forming elements and rare earth metals will be 
added to the alloys, which will refi ne and alter the intermetallic 
compounds in them, stabilize the beta phase, and prevent the 
formation of the gamma phase that can negatively impact 

the properties of the alloys. This research aims to modify the 
structure of a Cu-30% Zn alloy by incorporating Cerium and 
Silicon, focusing on altering the types, forms, and distribution 
of phases within the matrix, and studying their impacts on the 
mechanical properties. 

Materials and methods

The initial alloy used in the study was created from 
commercially pure copper (99.99%) and commercially 
pure zinc (99.98%). The doped Cu-30%Zn alloy was then 
manufactured by adding cerium and silicon in concentrations 
ranging from 0.1%, 0.3%, 0.5%, 1.0%, 3.0%, and 5.0% by 
weight using the permanent mold casting technique. A bail-
out crucible furnace was utilized for the melting process. To 
produce the control alloy cast samples, pure copper in the 
form of copper wire was initially charged into the preheated 
furnace and melted. A specifi ed amount of zinc in piglet form 
was then added to the molten copper and stirred thoroughly. 
The melt was held for approximately 15 minutes to ensure the 
complete dissolution of zinc into the copper melt and achieve 
homogeneity. Subsequently, the mixture was poured into 
preheated permanent molds and allowed to cool to ambient 
temperature. Following this, the Cu-30wt%Zn alloys containing 
the additives were produced by following the same procedure 
described above, with the addition of varying concentrations of 
cerium and silicon. 

A tensile test was conducted on cast specimens using an 
automated 100 kN JPL tensile strength tester (Model: 130812) 
to determine the tensile strength and percentage elongation of 
the developed alloys following the ASTM D 638 standard for 
universal testing.

The Brinell hardness test was performed using a portable 
dynamic hardness testing machine (Model: DHT-6) according 
to the British standard (BS EN ISO 6505-1:2014). The specimen 
was positioned on an Equotip test block, and the machine was 
automatically operated until the indenter made contact with the 
specimen's surface. The hardness value was then read directly 
from the machine's scale and recorded as the test result.

Impact testing was conducted on the cast samples by the 
ASTM D256 standard, utilizing a pendulum impact testing 
machine (Model: U1820). Before conducting the structural 
analysis, the surfaces of the specimens underwent preparation 
steps as follows: they were ground using emery papers of 
varying grades, starting from rough (200 μm) to fi ne (1200 
μm). Subsequently, the specimens were polished to achieve a 
mirror fi nish using aluminum oxide (Al2O3) powder, followed 
by rinsing with water and drying with a hand dryer.

Next, the dried samples were etched for 60 seconds using 
a solution composed of 10 g of iron (III) chloride, 30 cm3 of 
hydrochloric acid, and 120 cm3 of water.

Finally, the surface morphology of the etched samples was 
analyzed using an optical metallurgical microscope (Model: 
L2003A), Scanning Electron Microscopy (SEM), and Energy 
Dispersive Spectroscopy (EDS).
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and α-copper phase. This alloy demonstrates the lowest 
mechanical properties, including tensile strength, impact 
strength, percentage elongation, and hardness, due to its 
coarse microstructure. Plates 2-11 show the microstructures of 
Cu-30% Zn alloy modifi ed with 0.1, 0.3, 0.5 1.0, 3.0, 5.0 (wt 
%) of modifying elements (cerium and silicon) respectively. 
The plates 2-7 reveal the presence of CuZn5, Cu5Zn8, and Cu2Ce, 
and plates 8-13 reveal the presence of CuZn5, Cu5Zn8, and Cu3Si 
intermetallic phases in the structure of the alloys doped with 
cerium and silicon. Scanning electron microscopy (SEM) and 
electron dispersive X-ray (EDX) analyses of the alloy samples 
also indicate the presence of this intermetallic in the structure 
of the alloys, (Plates 14-19) respectively. The addition of 
cerium and silicon refi nes and modifi es the morphology of the 
intermetallic compounds, leading to an increase in ultimate 
tensile strength, percentage elongation, hardness, and impact 
strength. The grain size decreases with the concentration of 
cerium and silicon up to 3.0 wt% (plates 6 and 12). Smaller 
grain sizes result in an increased number of grain boundaries, 
which impede dislocation motion and consequently enhance 
the ultimate tensile strength, hardness, percentage elongation, 
and impact strength of the alloys. But, plates 2-5 and 8-11 
showed a coarse morphology. However, increasing the cerium 
concentration beyond 3.0 wt% coarsens the morphology of the 
intermetallic compounds, resulting in a decrease in ultimate 
tensile strength, percentage elongation, impact strength, and 
hardness (plates 7 and 13). The presence of Cu2Ce and Cu3Si 
compounds in the structure of the alloy further improved the 

Results and discussion

Mechanical properties of Cu-30wt%Zn alloy

The results of the effect of cerium and silicon additions 
on the structure and mechanical properties of Cu-30%Zn 
alloy were presented in graphical form. Figures 1-4 show the 
variation of ultimate tensile strength, hardness strength and 
impact strength, and percentage elongation of the studied 
alloys. The study's results indicated that mechanical properties 
improved with increasing concentrations of cerium and silicon 
additives. However, alloys treated with cerium exhibited higher 
values compared to those treated with silicon. The maximum 
values obtained for ultimate tensile strength, % elongation, 
hardness, and impact strength after adding cerium and silicon 
to the Cu-30wt%Zn alloy resulted in signifi cant improvements. 
The improvement in the mechanical properties of the alloys was 
attributed to the presence of refi ned and modifi ed intermetallic 
phases in the structure of the alloys.

Optical, Scanning Electron Microscopy (SEM) and Elec-
tron Dispersive X-ray (EDX) analyses of the alloys

Plates 1-14 present the analyses of the alloys using 
optical microscopy, scanning electron microscopy, and X-ray 
diffraction. From plate 1 which is the control specimen, 
it was observed that the microstructure consists of large 
coarse interconnected intermetallic Cu5Zn8, CuZn5 compound, 
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Figure 1: Effect of cerium and silicon content on the ultimate tensile strength of 
Cu-30wt%Zn alloy.
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Figure 2: Effect of cerium and silicon content on the percentage elongation of Cu-
30wt%Zn alloy.
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Figure 3: Effect of cerium and silicon content on the hardness of Cu-30wt%Zn alloy.
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Figure 4: Effect of cerium and silicon content on the impact strength of Cu-30wt%Zn 
alloy.
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strength and hardness of the alloy. Tables 1-3, showed the data 
in EDX spectrometry for the control sample (as-cast), doped 
with 3wt% cerium and silicon respectively.

Conclusion

The modifi cation of the structure and mechanical properties 
of Cu-30%Zn alloy with Cerium and Silicon has been examined. 
The following conclusions can be drawn from the experimental 
results and theoretical analysis:

Plate 1: Micrograph of Cu-30wt%Zn alloy (Control sample).  (x400).

CuZn5 Cu5Zn8 

Cu2Ce 

Plate 2: Micrograph of Cu-30wt%Zn+0.1wt%Ce alloy. (x400).  

Cu2Ce 

Cu5Zn8 

CuZn5 

Plate 3: Micrograph of Cu-30wt%Zn+0.3wt%Ce alloy (x400).

CuZn5 Cu2Ce 

Cu5Zn8 

Plate 4: Micrograph of Cu-30wt%Zn+0.5wt%Ce alloy. (x400).

CuZn5 

Cu5Zn8 

Cu2Ce 

Plate 5: Micrograph of Cu-30wt%Zn+1.0wt%Ce alloy. (x400).

Cu2Ce 

CuZn5 

Cu5Zn8 

Plate 6: Micrograph of Cu-30wt%Zn+3.0wt%Ce alloy. (x400). 

Cu5Zn8 
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Cu2Ce 

Plate 7: Micrograph of Cu-30wt%Zn+5.0wt%Ce alloy. (x400).
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Plate 8: Micrograph of Cu-30wt%Zn+0.1wt%Si alloy. (x400).

Cu3Si 
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Plate 9: Micrograph of Cu-30wt%Zn+0.3wt%Si alloy. (x400).
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Cu5Zn8 

Cu3Si 

CuZn5 

Plate 10: Micrograph of Cu-30wt%Zn+0.5wt%Si alloy. (x400).

Cu5Zn8 Cu3Si 
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Plate 11: Micrograph of Cu-30wt%Zn+1.0wt%Si alloy. (x400).
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Plate 12: Micrograph of Cu-30wt%Zn+3.0wt%Si alloy. (x400).
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Plate 13: Micrograph of Cu-30wt%Zn+5.0wt%Si alloy. (x400).

Plate 14: Scanning electron microscopy of Cu-30wt%Zn alloy. 

 

 

Plate 15: Energy dispersive X-ray diffraction (EDX) of Cu-30wt%Zn alloy.
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Plate 16: Scanning electron microscopy of Cu-30wt%Zn+3.0wt%Ce alloy.

 

 
 

Plate 17: Energy dispersive X-ray diffraction (EDX) of Cu-30wt%Zn+3.0wt%Ce alloy.
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Plate 18: Scanning electron microscopy of Cu-30wt%Zn+3.0wt%Si alloy.
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 Adding cerium and silicon to the Cu-30wt%Zn alloy 
successfully refi ned and modifi ed the alloy's structure, 
resulting in improved physical and mechanical 
properties.

 When comparing the effects of cerium and silicon on 
Cu-30wt%Zn, cerium yielded better results than silicon.

 Undoped Cu-30wt%Zn alloy exhibits low physical and 
mechanical properties due to the presence of a coarse 
intermetallic phase at the grain boundaries.

 It was also established that macro alloying of the 
Cu-30wt%Zn alloy provided better properties than 
microalloying.

 The addition of cerium and silicon also led to the 
formation of Cu2Ce and Cu3Si respectively, which further 
contributed to the enhancement of the alloy's physical 
and mechanical properties.
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