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Shape memory alloys (SMAs) comprise several types of functional metals that would retain 

As can generally be grouped into 

two major categories based on its material makeup - copper based SMAs (such as Cu-Zn-Al, Cu-Al-Ni 

and Cu-Al-Mn alloys) and nickel titanium based SMAs (such as Ni-Ti, Ni-Ti-Cu and Ni-Ti-Nb alloys). 

Additionally, many different processes exist and can be used to produce SMAs ranging from induction 

melting techniques, vacuum melting methods, electron beam melting processes, powder metallurgy 

routes, rapid solidification methods and mechanical alloying methods that can be performed on either 

small laboratory scales or large-scale industrial operations. Martensitic phase transformations of 

copper aluminum nickel based SMAs have been studied and documented extensively, resulting in 

extensive amounts of evidence to demonstrate that a large amount of martensite is developed through 

the various metals used to manufacture the alloy. The β phase of copper aluminum nickel based SMAs 

that exist at ambient temperature exhibit multiple phases of order-disorder transformation i.e. long 

period stacking ordered martensites – (3R, 9R, 2H). There are three different types of martensite that 

can be developed from the thermal treatment and chemical composition of the steel; these are termed 

α1, β1 and γ1 [2, 3]. An increased amount of aluminum in the alloy will aid in the transformation from 

β to γ1; however, adding nickel provides greater stability to the β1-type of martensite [8,9]. 

 

Research is being conducted on Cu-Al-Mn alloys as a possible alternative to Cu-Al-Ni alloys as they 

have many advantages over Cu-Al-Ni including, lower cost, improved machinability, increased 

pseudoelasticity and thermal stability. In addition to the previously mentioned advantages Cu-Al-Mn 

alloys can also be engineered to have varying transformation temperatures based on the chemical 

composition of the alloy; therefore, allowing for many different engineered applications. Manganese 

plays a vital role in Cu-Al-Mn alloys because it contributes to stabilizing the β phase in addition to 

reducing the formation of β2 intermetallic. Manganese also assists in refining the microstructure of the 

alloy and has an effect on the martensitic transformation temperatures and mechanical properties of the 

powder metallurgy process produces a finer microstructure and more uniform properties than the cast 

alloys [16,17]. 

 

There are many advantages to Cu-Al-Mn SMAs but there are still some impediments to developing 

these materials due to the conventional melting techniques. These techniques can produce micro-

segregation effects, large grain size and secondary phase formation, which compromise overall 

mechanical reliability [18,19]. In addition, little has been published on systematic studies of Cu-Al-Mn 

alloy processed through powder metallurgy, but many studies have been done on cast metals [20,21]. 

Specifically, only minimal integrated research exists evaluating the impact of incremental additions of 

Mn on the microstructure, transformation temperature, hardness, functional performance or chemical 

reliability [22,23]. This aspect is of concern because ion release into an aqueous/physiological 
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environment will affect the long-term performance of the material and its potential biocompatibility; 

however, there has not been much research into the latter [24,25]. 

 

This research fills an important knowledge gap by determining how adding varying amounts of 

manganese to copper-aluminum-manganese shape memory alloys as made from powder metallurgy 

techniques will influence two properties of those alloys. A variety of complementary experimental 

techniques (light microscopy, scanning electron microscopy with energy dispersive spectroscopy, X-

ray diffraction, differential scanning calorimetry, microhardness and shape recovery tests, and 

inductively coupled plasma optical emission spectrometry) are used to gain a comprehensive and 

unified understanding of the relationship between the amount of manganese in the alloy, the 

microstructure. metallurgical characteristics, and the resulting mechanical and corrosion 

characteristics. An empirical relationship (composition-structure-property) for Cu-Al-Mn shape 

memory alloys will also be established for use by future engineers and may be beneficial to both 

functional and biomedical applications that have been designed to optimise shape memory behaviour. 

This article describes the fabrication, characterization, and evaluation of copper-aluminum-manganese 

shape memory alloys manufactured using powder metallurgy and varying levels of manganese, and 

will provide direction for future design and use of these materials.
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Figure 3 Differential scanning calorimetry (DSC) thermograms of Cu–Al–Mn shape memory alloys 

with varying Mn content: (a) CuAlMn1 (1 wt.% Mn), (b) CuAlMn2 (3 wt.% Mn), (c) CuAlMn3 (5 

wt.% Mn), (d) CuAlMn4 (7 wt.% Mn), and (e) CuAlMn5 (9 wt.% Mn). 
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3.5. X-Ray diffraction 

 

Figure 4 shows the X-ray diffraction (XRD) patterns of the Cu–Al–Mn alloys (a) CuAlMn1, (b) 

CuAlMn2, (c) CuAlMn3, (d) CuAlMn4, and (e) CuAlMn5. All samples display a similar arrangement 
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