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Abstract: Cu-Be alloys are known for their outstanding strength, hardness, and electrical conductivity. They are 

often used in applications where high performance is required, such as aerospace, electronics, and 

telecommunications. One significant drawback of Cu-Be alloys is that beryllium is toxic and poses health risks, 

especially during the manufacturing and machining processes. This has led to concerns about worker safety and 

environmental impact. In this study, novel Cu-Si-Mo ternary alloys composition with improved tensile strength, 

ductility, and hardness are produced. The Cu-3Si-xMo (x: 0.1-5 wt%) alloys were fabricated via stir-casting 

technique. The surface morphologies of the Cu-Si and Cu-Si-Mo alloys were investigated and linked with the 

mechanical properties using optical metallurgical microscope (OM). Results of the study indicated that tensile 

strength, ductility, and hardness of the parent alloy improved significantly, recording maximum values of 130 MPa, 

18.4%, and 192 BHN, respectively. Alloy with composition; Cu-3Si-1.5Mo gave the best mechanical properties, 

owing to increased solid solution strengthening, modification, and refinement of the dendritic grains by molybdenum 

addition.  
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1.   INTRODUCTION 

Copper-based alloys are essential materials with a wide range of properties that make them indispensable in various 

industries. Copper is well-known for its electrical and thermal conductivity, corrosion resistance, and ductility, however, 

ongoing research and development efforts are exploring alternative alloys to address specific limitations and drive further 

advancements in copper-based materials (Xie et al., 2003; Qing et al., 2011; Yu et al., 2011; Jeong et al., 2009). Copper is 

renowned for its excellent electrical conductivity, making it an ideal choice for electrical and electronic applications. It's 

used extensively in wiring, cables, and electrical components because it allows for efficient transmission of electrical power 

and signals. Copper also possesses outstanding thermal conductivity. This property makes it suitable for applications where 

efficient heat transfer is essential, such as heat exchangers, radiators, and condenser tubes. Copper's ability to conduct heat 

efficiently ensures effective heat dissipation in various industrial processes and systems. Copper and its alloys are highly 

resistant to corrosion, which is a critical factor in applications where exposure to moisture or corrosive environments is a 

concern(Yu et al., 2011; Jeong et al., 2009). This corrosion resistance makes copper alloys suitable for use in water pipes, 

automotive components, and railway infrastructure, where durability is essential. Copper is highly ductile, meaning it can 

be easily shaped and formed into various configurations. This property is invaluable for industries like automotive, 

construction, and plumbing, where copper components need to be fabricated into specific shapes and sizes to meet design 

requirements. 
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Copper-Beryllium (Cu-Be) alloys are known for their exceptional combination of high strength and electrical conductivity. 

However, they do have limitations, such as toxicity and cost. These drawbacks have led to the exploration of alternative 

alloys like Cu-Ni-Si, Cu-Si, and Cu-Ti-Si, which aim to maintain similar mechanical properties while addressing the issues 

associated with Cu-Be alloys(Nnakwo, 2019; Nnakwo et al., 2017a,b; 2019a,b; 2020, 2021, 2022;Nnakwo and Nnuka, 

2018; Cheng et al., 2014; Qing et al., 2011; Qian et al., 2010; Gholami et al., 2017b; Cheng et al., 2014; Wang et al., 

2014).The field of copper-based alloys is continually evolving, with ongoing research and development efforts focused on 

improving existing materials and developing new alloys. This research aims to enhance the properties of copper-based 

materials, reduce toxicity concerns, and optimize cost-effectiveness. Such innovations can lead to the development of alloys 

better suited to specific applications and industries. 

The high strength and electrical conductivity of Cu-Ni-Si alloyshave been reported to be achieved through various 

processing techniques such as alloying, thermo-mechanical treatments, and precipitation hardening (Gholami et al., 2017a; 

Jia et a., 2012; Xie et al., 2009;Lei et al., 2017;Qing et al., 2011;Qian et al., 2010;Gholami et al., 2017b;Cheng et al., 2014; 

Wang et al., 2014). These alloys exhibit excellent mechanical and electrical properties due to the presence of specific phases, 

including β1-Ni3Si, α-Cu (Ni,Si), γ′-Ni3Al, β-Ni3Si, and δ-Ni2Si, as reported in several studies (Qian et al. 2017; Suzuki et 

al. 2006; Wang et al. 2016; Srivastava et al. 2004; Li et al. 2017; Pan et al., 2007; Li et al., 2009; Lei et al., 2013a; Lei  et 

al., 2013b).However, it is noted that the ductility of these alloys is low, which could limit their application in situations 

where impact resistance is crucial. To address this limitation, the study aims to improve the tensile strength, ductility, and 

hardness of Cu-Si based alloys by introducing molybdenum. The effectiveness of molybdenum as an alloying element and 

its impact on the properties of Cu-Si-based alloys would depend on the alloy's composition, processing techniques, and the 

specific phases that form within the material. The study aims to investigate these aspects to tailor the alloy's properties for 

applications that require a combination of high strength, ductility, and hardness 

2.   EXPERIMENTAL PROCEDURE 

Analytical grade copper wire, silicon powder, and molybdenum powder with different percentage purities (98.9%, 95.9%, 

and 99.7%) were used as starting materials for this experimental study.The alloys were produced by melting the materials 

together using a bailout crucible furnace. The molten alloys were cast into iron molds with specific dimensions of 16 mm 

diameter and 250 mm length. The alloys were allowed to cool inside the molds until they reached room temperature. Tensile 

strength samples were milled to specific dimensions: 120mm total length, 50mm gauge length, and 8mm gauge diameter. 

Hardness samples were milled to 25 mm length and 15 mm diameter. The surfaces of the samples were ground and polished 

thoroughly to ensure a consistent surface finish. 

Tensile strength tests were conducted according to British standards: BS EN ISO 6892-1:2016. Hardness tests were carried 

out following BS EN ISO 6505-1:2014. Tensile strength tests were performed using a 100kN capacity automated JPL tensile 

strength tester (Model: 130812). Hardness tests were conducted using a Brinell hardness tester (Model: DHT-6).Prior to 

microstructural analysis, the surfaces of the alloy samples were prepared through several steps: grinding with emery paper 

of different grit sizes, polishing with pure aluminum powder, and etching in a mixture of iron III chloride, HCl, and water. 

3.   RESULTS AND DISCUSSION 

Figs. 1-3 depict the ultimate tensile strength, percentage elongation, and hardness of Cu-3Si binary alloys doped with 

different concentrations of molybdenum. It is noted in Figs.1-3 that addition of molybdenum resulted in a significant 

increase in the ultimate tensile strength, percentage elongation, and hardness of Cu-3Si binary alloys. As the concentration 

of molybdenum increased, the percentage elongation decreased. This means that the materials became less ductile as more 

molybdenum was added.Figs. 2 and 3 showed that both hardness and ultimate tensile strength values increased with 

increasing concentrations of molybdenum up to 1.5wt%. This indicates that the alloys became harder and stronger with the 

addition of molybdenum.The maximum ultimate tensile strength was obtained at 1.5wt%Mo, with a value of 130MPa.The 

maximum hardness was also achieved at 1.5wt%Mo, with a value of 192 BHN.These improvements in mechanical 

properties can be attributed to two factors: increased Solid Solution Region: As molybdenum was added, it formed a solid 

solution with copper and silicon, which enhanced mechanical properties.The addition of molybdenum led to the formation 

of finer grains in the alloy, which can also contribute to improved mechanical properties. Beyond 1.5wt%Mo, both ultimate 

tensile strength and hardness started to decline. This decline can be attributed to the coarsening of grains at higher 

molybdenumcontents (specifically at 5wt%Mo).Coarser grains led to a decrease in mechanical properties as they are less 

resistant to deformation and fracture. 

https://www.researchpublish.com/
https://www.researchpublish.com/


 International Journal of Mechanical and Industrial Technology       ISSN 2348-7593 (Online) 
Vol. 11, Issue 1, pp: (54-59), Month: April 2023 - September 2023, Available at: www.researchpublish.com 

 

Page | 56  
Research Publish Journals 

Fig. 4 shows the microstructure analysis of the developed Cu-3Si and Cu-3Si-xMo alloys. In Fig. 4a, the microstructure 

analysis shows that the developed Cu-3Si alloy contains evenly dispersed dendritic grains within the copper matrix.These 

dendritic grains are identified as primary silicon and Cu3Si intermetallic compounds.Figs. 4b, 4c, and 4d represent optical 

microscope (OM) images of Cu-3Si alloys with varying amounts of Mo (Cu-3Si-0.2Mo, Cu-3Si-1.5Mo, and Cu-3Si-5Mo, 

respectively).These images reveal that the addition of Mo led to the modification and refinement of the dendritic grains 

compared to the parent Cu-3Si alloy (Fig. 4a). This refinement resulted in an increased number of grain boundaries and 

dislocation density within the alloys.The changes observed in the microstructure, such as grain refinement and increased 

dislocation density, are correlated with an increase in the tensile strength and hardness of the alloy.This suggests that the 

modified microstructure due to the addition of Mo contributed to improved mechanical properties. The Cu-3Si-5Mo image 

reveals coarse grains within the copper matrix.The presence of coarse grains is associated with a decrease in the tensile 

strength and hardness of the alloy, as shown in Figs. 2 and 3. 

 

Fig. 1: Percentage elongation of Cu-3Si-xMo ternary alloys 

 

Fig. 2: Ultimate tensile strength of Cu-3Si-xMo ternary alloys 

0

10

20

P
er

ce
n

ta
g
e 

el
o
n

g
a
ti

o
n

 (
%

)

Molybdenum contents (wt%)

0

20

40

60

80

100

120

U
lt

im
a
te

 t
en

si
le

 s
tr

en
g
th

 (
M

P
a
)

Molybdenum contents (wt%)

https://www.researchpublish.com/
https://www.researchpublish.com/


 International Journal of Mechanical and Industrial Technology       ISSN 2348-7593 (Online) 
Vol. 11, Issue 1, pp: (54-59), Month: April 2023 - September 2023, Available at: www.researchpublish.com 

 

Page | 57  
Research Publish Journals 

 

Fig. 3: Hardness of Cu-3Si-xMo ternary alloys 

 

Fig. 4: OM microstructures of (a) Cu-3Si (b) Cu-3Si-0.2Mo (c) Cu-3Si-1.5Mo (d) Cu-3Si-5Mo alloys 

4.   CONCLUSIONS 

A novel Cu-Si-Mo ternary alloys composition with improved tensile strength, ductility, and hardness has been produced. 

The Cu-3Si-xMo (x: 0.1-5 wt%)  alloys were fabricated via stir-casting technique. Results of the study have shown that 

addition of molybdenum to Cu-3Si binary alloys had a significant impact on their mechanical properties, leading to 

increased strength and hardness up to a certain concentration (1.5wt%Al), beyond which the properties started to deteriorate 

due to grain coarsening. These findings are crucial for understanding the behavior of these alloys and optimizing their 
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composition for specific applications. The tensile strength, ductility, and hardness of the parent alloy recorded maximum 

values of 130 MPa, 18.4%, and 192 BHN, respectively. Alloy with composition; Cu-3Si-1.5Mo gave the best mechanical 

properties, owing to increased solid solution strengthening, modification, and refinement of the dendritic grains by 

molybdenum addition. The percentage elongation showed a decreasing trend with increasing concentration of molybdenum. 
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