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Abstract: In this study, Al was added to the Cu15Ni8Sn Ni-bronze alloy. The effects of the added amount of
Al on the microstructure and strength of the alloy were investigated. As an approach, the Sn element has been
replaced by Al. The element Al was added at 2, 4, 6, and 8 wt. %. Alloys were melted in a graphite crucible by
induction melting and poured into a graphite mold. No heat treatment was applied to the cast alloys. The
microstructure of the alloys was studied under a light optical microscope (LOM) and scanning electron
microscope (SEM). Mechanical characterizations were made by hardness measurement and tensile tests.
Metallographic studies showed that the microstructure was not changed with the amount of Al added. Chemical
composition changes in the phases were reflected in the mechanical properties. It was determined that the
composition with the highest hardness and strength among the alloys was the composition containing 15Ni, 4Sn,
and 4Al wt.%. The alloy with the highest ductility and toughness is Cul5Ni8Al.
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Introduction

Copper and copper alloys, which have the best conductivity after silver, are the oldest metals used by humanity.
Copper can form solid solutions with many elements, so many copper alloys are homogeneous. Copper alloys
attract the attention of researchers due to their very good properties such as electrical and thermal conductivity,
corrosion resistance, strength, ductility and wear resistance (Yin et al. 2011).

It is known that the change in the microstructure has a great effect on the mechanical properties of the alloy.
Microstructure also primarily depends on the chemical composition. In Cu-Ni-Sn alloys that can decompose
spinodally, the mechanical properties can also be changed by microstructure (ilangovan et al. 2016, Zhao et al.
1998).

Cul5Ni8Sn alloy, commercially known as C72900, is an alloy that hardens spinodally and exhibits very good
bearing properties in dry and lubricated environments. These alloys are widely used as bearing materials
especially in aviation and mining applications due to their very good properties. (Singh et al. 2007). In addition,
due to its high strength and electrical conductivity, it also provides opportunities for use in the machinery and
electrical/electronic industries (Peng et al. 207, Hoang et al. 2018).
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The properties of Cu-Ni-Sn alloys can also be changed by heat treatment. These alloys are alloys in which the
aging process can be applied. (llangovan et al. 2016, Peng et al. 2017, Sato et al. 1988, Lopez et al. 1999). There
are also studies on the use of these alloys as coatings (Huia et al. 2010, Hunnik et al. 1992).

The effects of alloying elements are investigated to improve the mechanical and physical properties of these
alloys. Luo et al. (2019) reported that by adding 0.5 Si to Cu-Ni-Sn alloy with low tin content, the strength of
the alloy decreased slightly while its ductility increased. On the other hand, Lei et al. (2013) studied the effects
of Aluminum on the microstructure and properties of Cu-Ni-Si alloys. A slight increase in yield and tensile
strengths was achieved with the addition of a small amount of Al.

When the studies in the literature are examined, no study has been found on how the properties of Cu-Ni-Sn
spinodal alloys change with the systematic addition of a second alloying element. In this study, the effects of Al
added by systematically increasing amounts of Al to Cul5Ni8Sn spinodal alloy on the microstructure, hardness
and tensile strength of the alloy were investigated. As an approximation, Al has been added instead of Sn
element.

Method

Elements with the purity of 99.9%Cu, 99.65%Ni, 99.7%Al, 99.8%Sn were used in the preparation of alloys. The
elements prepared according to the alloy composition were melted in a graphite crucible by an induction melting
furnace. After melting, the alloys were poured into a graphite mold and allowed to cool in the air. Thus, 10mm
diameter rods were produced.

Commercial Cul5Ni8Sn alloy was taken as the basis for alloy selection. In this alloy, Aluminum element has
been systematically added instead of Tin at increasing rates. For this purpose, Cul5Ni2AI6Sh, Cul5Ni4Al4Sn,
Cul5Ni6AI2Sn, and Cul5Ni8Al alloys were cast. No treatment (thermal/mechanical) was applied to the alloys
after casting.

Sections were taken from the cast alloys and the surfaces were sanded and polished with a 3-micron diamond
paste. The microstructures of the alloys were studied under optical light microscope (LOM) and scanning
electron microscope (SEM).

The hardness of the alloys was measured by Vickers hardness measurement by applying 0.5kgf load for 15
seconds. The tensile test samples were prepared from the bars by machining. Tensile tests were carried out in a
universal testing device at room temperature and with a jaw speed of 5Smmmin™. The effects of the change in
alloy composition on alloy hardness, ductility, tensile strength, and toughness were revealed.

Results and Discussion

The optical microstructure images of the alloys at low magnifications are given in Figure 1. From the
microstructure images, Cul5Ni8Sn alloy has a microstructure consisting of long dendrites. Dendrites are
randomly oriented. It is considered that this structure is a result of rapid cooling as a result of casting into a cold
graphite mold. There is no significant change in the microstructure of the alloys with Al added either. It can be
said that the dendrites are shortened and expanded with the addition of Al. In the alloy containing no Tin (Fig.
1le), the detrites were formed in an even longer form.




International Conference on Technology, Engineering and Science (IConTES), November 04-07, 2021, Antalya/Turkey

Figure 1. The light optlcal mlcrostructure of the alloys atlow magnlflcatlon a) Cul5Ni8Sn, b) Cul5Ni2AIl6Sn,
c) Cul5Ni4Al4Sn, d) Cul5Ni6AI2Sn, and e€) Cul5Ni8Al

Microstructure images at high magnifications (Fig. 2) show that the structures usually contain 3 phases. It is
seen in Figure 2a that the [ phase, which appears as a precipitate in the form of very small grains, grows with
the addition of Al. The Cul5Ni8Al alloy, which does not contain any Tin, is seen as two-phase (Figure 2¢)

Figure 2. The light optlcal mlcrostructure of the aIons at hlgh magnlflcatlon a) Cu15N|88n b) Cul5Ni2AIl6Sn,
c) Cul5Ni4Al4Sn, d) Cul5Ni6AI2Sn, and e€) Cul5Ni8Al

In Figure 3, SEM microstructure images of alloys and SEM energy dispersive spectroscopy (EDS) composition
analyzes taken from certain points are given. From the general composition analyzes made, it is seen that the
alloys have compositions very close to their nominal compositions. The Cul5Ni8Sn alloy, determined as the
base alloy, contains the tin-rich-phase and the Cu-Ni matrix phases. The Sn content of the matrix phase is much
less than that of the precipitate particles. The tin content increases at the boundary between the matrix phase and
the precipitate phase (Figure 3a). With the addition of Al to the alloy, Aluminum also entered the precipitate
phase, and while the Tin ratio in this phase decreased, the Aluminum and Nickel ratios increased (Figure
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Figure 3 shows the tensile curves of cast alloys. It is clearly seen from the curés hat Cu 5Ni4I4Sn.5II.y has
the highest strength, on the other hand, Cul5Ni8Al alloy exhibits the highest ductility and toughness.

In the tin-free alloy, the precipitate phase is in the nickel-rich Cu-Ni composition (Figure 3e). Tin content in the

matrix phase decreased with the addition of Al. No Tin was found in the matrix phase of the alloy where the Tin
and Aluminum contents were equal. This composition is the composition with the highest hardness and strength.

1
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Figure 4. Tensile diagrams of the alloys.

Table 1 summarizes the mechanical properties of cast alloys. Al-containing alloys have higher hardness than
Cul5Ni8Sn alloy. When the Al and Sn content of the alloy are equal, the hardness and strength take the
maximum value. If the amount of Al is more than Sn, there is a decrease in strength but an increase in ductility.

Table 1. Mechanical properties of the alloys
Hardness, Tensile Toughness,

Alloy HVO0.5 Ductility, % Strength, MPa Nmmmm

Cul5Ni8Sn 140

CulbNi2Al6Sn 214 3.46 424 8.7

Cul5Ni4Al4Sn 310 0.94 711 3.13

Cul5Ni6AI2Sn 229 2.06 581 6.83

Cul5Ni8sAl 195 16.63 541 62.9
Conclusion

The cast microstructure of the Cu15Ni8Sn alloy chosen as the base alloy has a dendritic structure as a result of
rapid cooling. Adding aluminum to the alloy at increasing rates did not cause a significant change in the casting
microstructure of the alloy. While the change in the composition did not cause a change in the phase structure of
the alloys, it created differentiation in the composition of the phases, which was reflected in the mechanical
properties of the alloy. The highest hardness and strength were observed in the composition containing 4% Al
and Sn. In this composition, the composition of the precipitate particles is similar to other alloys, while the
matrix phase does not contain any Tin. In the alloy containing no Tin, the composition of the precipitate and
matrix phases is similar. It has been determined that the strength is high in the alloys containing tin, but the
strength decreases slightly in the alloy containing only Al, but the ductility and toughness increase significantly.
It has been evaluated that the most responsible for this effect is the composition of the matrix phase.

Recommendations

1. The alloys should be heat treated including aging to determine the microstructural evaluations and mechanical
properties.

2. The friction and wear behavior of the Al added alloys should be investigated.

Scientific Ethics Declaration

The authors declare that the scientific ethical and legal responsibility of this article published in EPSTEM

journal belongs to the authors.

12



International Conference on Technology, Engineering and Science (IConTES), November 04-07, 2021, Antalya/Turkey

References

Hoang, A. T., Nguyen, L. H., & Nguyen, D. N. (2018). A study of mechanical properties and conductivity
capability of CU-9NI-3SN ALLOY. Int. J. Appl. Eng. Res, 13(7), 5120-5126.

Hui, Z., Yizhu, H., Xiaomin, Y., & Ye, P. (2010). Microstructure and age characterization of Cu—15Ni-8Sn
alloy coatings by laser cladding. Applied surface science, 256(20), 5837-5842.

Van Hunnik, E. W. J., Colijn, J., & Schade van Westrum, J. A. F. M. (1992). Heat treatment and phase inter-
relationships of the spray cast Cu-15 wt% Ni-8 wt% Sn alloy. In Materials Science Forum (pp. 115-
124). Trans Tech Publications Ltd.

llangovan, S., & Sellamuthu, R. (2016). Measurement of the variation of mechanical properties with aging
temperatures for sand cast Cu-5Ni-5Sn alloy. Journal of Engineering Science and Technology, 11(11),
1609-1619.

Lei, Q., Li, Z,, Dai, C., Wang, J., Chen, X., Xie, J. M., ... & Chen, D. L. (2013). Effect of aluminum on
microstructure and property of Cu—Ni-Si alloys. Materials Science and Engineering: A, 572, 65-74.

Lopez-Hirata, V. M., Arias-Pérez, A. D. J., & Saucedo-Muiioz, M. L. (1999). A study of precipitation in a Cu-
15 wt% Ni-8 wt% Sn alloy. Journal of materials science letters, 18(20), 1697-1699.

Luo, B, Li, D., Zhao, C., Wang, Z., Luo, Z., & Zhang, W. (2019). A low Sn content Cu-Ni-Sn alloy with high
strength and good ductility. Materials Science and Engineering: A, 746, 154-161.

Peng, G., Gan, X., Jiang, Y., Li, Z., & Zhou, K. (2017). Effect of dynamic strain aging on the deformation
behavior and microstructure of Cu-15Ni-8Sn alloy. Journal of Alloys and Compounds, 718, 182-187.

Sato, A., Katsuta, S. I, & Kato, M. (1988). Stress aging of a Cu-10Ni-6Sn spinodal alloy. Acta
Metallurgica, 36(3), 633-640.

Singh, J. B., Cai, W., & Bellon, P. (2007). Dry sliding of Cu—-15 wt% Ni—8 wt% Sn bronze: Wear behaviour and
microstructures. Wear, 263(1-6), 830-841.

Yin, B., Yin, Y., Lei, Y., Dong, L., & Zhang, Y. (2011). Experimental and density functional studies on the
corrosion behavior of the copper-nickel-tin alloy. Chemical Physics Letters, 509(4-6), 192-197.

Zhao, J. C., & Notis, M. R. (1998). Spinodal decomposition, ordering transformation, and discontinuous
precipitation in a Cu—15Ni-8Sn alloy. Acta materialia, 46(12), 4203-4218.

Author Information

Ibrahim CELIKYUREK Bedri BAKSAN

Eskigehir Osmangazi University Eskigehir Osmangazi University

Eng. and Arch. Faculty, Metallurgical and Materials Eng. Eng. and Arch. Faculty, Metallurgical and Materials Eng.
Dept. Eskisehir, Turkey Dept. Eskisehir, Turkey

Contact e-mail: cibrahim@ogu.edu.tr

Adem TASDEMIR

Eskisehir Osmangazi University

Eng. and Arch. Faculty, Mining Eng. Dept.
Eskisehir, Turkey

To cite this article:
Celikyurek, 1., Baksan, B. & Tasdemir, A. (2021). Effect of alloying on the microstructure and strength of the

Ni bronzes. The Eurasia Proceedings of Science, Technology, Engineering & Mathematics (EPSTEM), 16, 8-
13.

13



