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Severe plastic deformation; Copper alloys (brasses) are widely used as engineering materials in shipbuilding, aerospace,
Brass alloy; petrochemical, and military industries. In this study, brass alloy 60-40, as one of the most
Microstructure; important copper-based alloys, was subjected to severe plastic deformation (SPD) in the ECAP
Mechanical properties. (Equal Channel Angular Pressing) process to improve its strength and maintain elongation

percentage, which is an indicator of ductility. The process was carried out at 350 °C in C-path and
up to six passes for the samples. Microstructural studies performed using optical microscopy
showed that discontinuous recrystallization starts from the first pass in the alpha phase. With
increasing strain, the fraction of recrystallized grains increased and the size of the new grains was
smaller than the initial grains. The grain size reached less than one micron after the fifth and sixth
passes. Also, examination of the microstructure of the beta phase showed that recrystallization in
this phase started after the third pass and gradually spread in the structure with increasing number
of passes. The results of micro hardness and uniaxial tensile tests confirmed the significant
increase in the hardness and tensile strength of the alloy with increasing number of passes. Also,
the elongation percentage at room temperature of the ECAP-processed samples was over 40%,
which is only 15% less than the initial annealed sample. The results of this study showed that
ECAP can be used to improve the mechanical properties of Cu-60Zn alloy. The refinement of
grains in this process can lead to an increase in tensile strength and hardness, while the elongation
can be maintained at an acceptable level.

Extended Abstract

1. Purpose

industries. Cu-40Zn is one of the most important brass alloys with good mechanical properties and corrosion

resistance. The microstructure of this alloy consists of two phases: a-phase with FCC structure and 3-phase with CsCl
structure. The presence of these two phases with significantly different mechanical properties, chemical composition, and
crystal structure makes this alloy unique. The low stacking fault energy (SFE) of a-phase has been the subject of many
studies on the physical and mechanical properties of this phase under low strains. Similarly, there is sufficient information on
the behavior of B-phase under single-phase conditions. Studies have also been reported on the behavior of these two phases in
combination and as single crystals in brass alloys at different temperatures under strains of less than 40%. However, the
behavior of these phases under high strains has not been studied enough. Therefore, it is necessary to investigate the
deformation behavior of Cu-40Zn alloy to clarify the deformation mechanism in such alloys under high strains.

Brass alloys are widely used as engineering materials in shipbuilding, aerospace, petrochemical, and military
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The use of severe plastic deformation (SPD) processes to improve the mechanical and microstructural properties of
metals and alloys has attracted the attention of many researchers. Among these processes, equal-channel angular pressing
(ECAP) is one of the few methods for producing cylindrical specimens. In this process, the specimen is passed through a die
with two channels of equal diameter. The angle between these two channels can be varied from more than zero to less than
180 degrees. The smaller the angle, the higher the shear stress applied to the specimen. The use of ECAP for brittle alloys
such as Cu-40Zn is very difficult. However, in the present study, Cu-40Zn alloy was subjected to ECAP at 350 °C.

2. Methodology

e  Brass alloy with the following chemical composition was used:
60 wt% Cu
40 wt% Zn
0.03 wt% Pb

The annealing treatment was performed at 500 °C for 2 hours.

e  The ECAP process was performed at 350 °C in the C-route for six passes.
e  The tensile tests were performed at room temperature.
e  The hardness tests were performed in the ECAP direction.
e  The grain size was measured using image analysis software.
3. Finding

The results of this study showed that ECAP can be an effective method for improving the mechanical properties of Cu-
60Zn alloy. The refinement of grains in this process led to an increase in tensile strength and hardness, while the elongation
was also acceptable.

Specific points of interest:

e  The microstructure of the alloy was significantly refined with increasing the number of passes. The average
grain size of the a-phase decreased to less than 1 um after the sixth pass.

e  The tensile strength and hardness of the alloy increased with increasing the number of passes. In the last three
passes, these values reached about twice the tensile strength and hardness of the annealed sample, respectively.

e The elongation of the alloy decreased with increasing the number of passes. However, the elongation was still
acceptable, especially in the first, third and final passes.

4, Conclusion

The results of this study showed that ECAP can be used to improve the mechanical properties of Cu-60Zn alloy. The
refinement of grains in this process can lead to an increase in tensile strength and hardness, while the elongation can be
maintained at an acceptable level.
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