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1- Introduction

Demands for the high strength and high conductive
materials are increasing nowadays. Using the solid
solution mechanism to increase the strength of copper
causes a severe reduction in the copper's conductivity.
One of the proper methods to increase copper's strength
without any serious adverse effect on its conductivity can
be precipitation hardening. Cu-Cr is the most common
alloy used to produce high-strength conductive parts. As
the strengthening capacity of the binary alloys is limited,
alloying copper with two or more elements has been
considered in recent research. Using various elements in
the copper alloy composition, the alloy can be more
strengthened due to the creation of the intermetallic
compounds' precipitates such as Fe-P, Fe;Ti, CusZr, etc.
Zirconium (Zr), magnesium (Mg), iron (Fe), phosphorus
(P), titanium (Ti), cesium (Cs), and yttrium (Y) are the
elements that were added to the Cu-Cr alloy in recent
research published in the open literature.

In addition to the study of the microstructure and
investigation of the effects of the various elements on the
mechanical and electrical properties of the precipitation-
hardened alloys, analytical models also have been
presented for the prediction of strength increases resulting
from being precipitation hardening in the optimized aging
condition. Although the electrical conductivity of the aged
alloy was used to determine the amount of the phase
transformation, estimation of the precipitates fraction at
different aging conditions has not been done yet.

In this research, the effects of the aging condition on the
microstructure, mechanical properties, and electrical
conductivities of the precipitation-hardened Cu-0.4 wt. %
Cralloy are investigated. An analytical model is presented
to estimate the increase in the strength values. In this
model, the electrical conductivity of the sample is used to
estimate the fraction of the elements of solid solution in
the lattice of the copper matrix, and the average size of the
precipitates is determined by analyzing the SEM
micrographs of the samples' microstructure.

2- Materials and method

The copper alloy used in this research is cast using an
induction furnace under vacuum conditions. The chemical
composition of the alloy is listed in Table 1. The

equivalent alloy of the chemical composition in UNS
standard is C18400.

Table 1. Chemical composition of samples

Cu Cr Zn Fe Ni Si
Base 0.395 0.0598 | 0.0797 | 0.021 0.0088
Pb Sn P Co Sh Mn
0.0298 | 0.0495 | 0.0062 | 0.0021 | 0.0016 | 0.002

The solid solution treatment was performed at 950 °C
for 1 hour. Then the samples were aged for 5 hours at 200,
300, 400, 500, and 600 °C. The microstructure of the
samples is studied using a Mira 3-XMU field-emission
scanning electron microscopy, FESEM. The tensile test
sample preparation and test procedure are performed
based on the ASTM E8/E8M standard. The electrical
conductivity tests are measured based on the IACS scale.

3- Results and discussion

To determine the precipitates’ size and distance
distribution in the present samples, the SEM micrograph
of the samples’ microstructure was analyzed using ImageJ
software. Figure 1 shows the binary image of the SEM
micrograph of the sample aged at 300 °C, in which the
white phase shows the precipitates.

Figure 1. The SEM micrograph of the sample aged at 300 °C.

The precipitates area fraction versus the aging
temperature of the samples is shown in Figure 2. As seen
in this figure, the total fraction and fine particles fraction
increase continuously by increasing the aging temperature
to 500 °C and then decrease at 600 °C.
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Fig. 2. The precipitates area fraction versus the aging temperature.
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Figure 3 shows the stress-strain diagrams of the solid
solution and aged samples at various temperatures. As
seen, the yield and tensile strength, and toughness of the
sample aged at 500 °C are higher than other aged and solid
solution samples.
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Figure 3. The stress-strain diagrams of the solid solution and aged
samples.

The Orowan and solid solution are two important
strengthening mechanisms that are considered in this
paper to predict the yield strength of the heat-treated
samples. According to the results of the analytical model,
as the aging temperature increases the strength growth
resulting from the solid solution mechanism decreases
and the Orowan mechanism increases the strength of the
samples until 500 °C.

Figure 4 shows the tensile and yield strengths versus the
aging temperature diagrams. The predicted yield strength
using the present analytical model is also shown in figure
4. As seen, the analytical model results are in good
agreement with the experimental one.
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Figure 4. Experimental tensile and yield strengths, and
predicted yield strength values versus the aging
temperature.

4. Conclusions

- In the sample aged at 500 °C, the number of the

precipitates was higher and their size and shape are more

uniform than in other samples.

- The optimum aging temperature was 500 °C. The
corresponding sample which was aged at 500 °C had the
highest yield and tensile strengths, electrical
conductivity, and toughness.

- The yield and tensile strength in the optimum aging
condition were 51.7 and 21.7 % higher than the solid
solution sample.

- The work hardening power decreased at first by
increasing the aging temperature and increased until the
temperature reached 500 °C and then again decreased at
600 °C.

- The predicted yield strength by the presented model was
in good agreement with the experimental results.
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