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Abstract

In this study, some physical and mechanical properties in Cu-9.97%Al-4.62%Mn (Wt) alloy were investigated by X-ray diffraction (XRD), Scanning Electron Microscopy (SEM) and compression deformation test. Bainite phase were obtained in the samples according to SEM and XRD analyses. Compression stress was applied on the alloy in order to investigate the deformation effect on the bainite phase transformation. On the surface of the Cu-9.97%Al-4.62%Mn alloy after the deformation, both bainite and martensite variants formed. 
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1. Introduction

Because of low price and high recovery force (only secondary to Ni–Ti alloy), Cu-based shape memory alloys have an extensive application field. However, the stabilization of martensite and decomposition of parent phase are problematic, which may degrade shape memory performance [1, 2]. According to the different heat treatments, quenching techniques, and chemical compositions, steels and other alloys can display different product phases such     as bainite, pearlite, and martensite [3-7]. Since the discovery of bainitic transformation in 1920s, controversies on the true nature of this transformation, i.e. whether the transformation is diffusion-controlled or shear type deformation-controlled, have continued [8-13]. Bainite is  #Corresponding author: ealdirmaz@gmail.com
the most complicated microstructure of steel. It is well known that two distinct forms of bainite, classified as upper and lower bainite, occur in steels in different temperature ranges [14]. The upper bainite forms at temperatures between 350°C and 550°C and is often characterized by a feathery structure. The lower bainite occurs at temperatures between 250°C and 350°C and is often characterized by a needle-like structure [15, 16]. Cu-based shape memory 
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-phase alloys exhibit order-disorder transformation at high temperatures. Although the 
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-phase is metastable, it remains stable at room temperature upon quenching from the high temperature 
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-phase [17, 18]. Metastable parent 
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(B2 or DO3) and martensitic 
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 (M9R or M18R) phases are transformed to bainitic 
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 (9R), complex cubic 
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, or fcc 
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phases by thermally activated processes [19-22]. In the majority of copper-based alloys, the bainite phase transformation has been found. Bainitic transformation occurs in these copper-based alloys, and 
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-phase forms diffusionally [23, 24]. However, these phase transformations may result in a drastic drop in shape memory capacity and change of martensitic characteristic temperature [25].
The present study aimed to investigate the effect of deformation on microstructure of bainite transformation in Cu-9.97%Al-4.62%Mn alloy. Although there are many studies reporting some physical properties of bainite in Cu-9.97%Al-4.62%Mn alloy, literature reveals no studies on the effects of deformation on microstructure and mechanical properties of bainite transformations for the related composition of alloy. 
2. Experimental
The composition of the alloy used in the present study was Cu-9.97%Al-4.62%Mn (wt%), which was prepared by vacuum induction melting under an argon atmosphere from pure (99.9%) alloying elements. After this alloying, product alloy was cylindrical bars with 1 cm diameter and 10 cm length. The samples were homogenized at 800 °C for 1 h and cooled to 25 °C furnace, and then air-cooled. This sample is denoted as A. Subsequently, homogenized specimens were compressed by 7% plastic deformation with an INSTRON 8510-type machine, operated at a constant strain rate of 0.2 mm/min at room temperature. Compression sample was prepared in the shape of rectangular pieces with 8×4×4 mm dimensions. This sample is denoted as B. The bulks A and B used in the SEM observations were mechanically polished and etched in a solution composed of 2.5 g FeCl3.6H2O and 48 ml methanol in 10 ml HCl for 10 minutes. SEM observations were made using a JEOL 5600 scanning microscope, operated at 20 kV. X-ray diffraction patterns of the powder samples were taken by using a Bruker D8 Advance diffractrometer. For these examinations, the monochromatic copper Kα radiation with wavelength of 1.5418 Ǻ was used.
3. Results and discussion
3.1. SEM Observations

The undeformed and deformed samples were characterized by means of SEM and their microstructures were compared in Fig. 1(a) and (b), respectively. In SEM micrograph of the sample A, bainite transformation was formed. In addition, in some regions needle-like and rod-shaped and precipitates could be seen simultaneously    (see Fig. 1(a)). Based on obvious morphological evidence, precipitates appear clearly and different in morphology; bainite structures have different orientations in different grains (Fig.1(a)) [26]. In sample A, the rod-shaped bainite disappeared after deformation. The plate-like bainite and 
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 martensite structures formed in the same sample (see Fig.1(b)). In Cu-Al-Mn SMAs, it was seen that two types of martensite structures, 18R and 2H, formed depending on alloy composition, heat treatment and deformation. Martensites appear to be predominantly in the typical morphology of 
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 martensite with effect of the deformation, these results are in agreement with the observation made by previous work [27]. It is known that the driving force necessary for the nucleation of the 
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 martensite is larger than that of the 
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 martensite [28, 29]. In our study, the driving force occurred in sample B during the deformation is larger than that of sample A [30, 31]. Thus, it can be said that microstructure of the sample B is composed of 
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(2H) martensite variants with plate-like bainite [26, 32].
3.2. XRD Measurement

 In order to determine the crystal structure of the Cu-Al-Mn alloy, the powder samples of the alloy were obtained. The phases of X-ray diffraction sample of Cu-Al-Mn alloy is determined by comparing the data obtained with those published in the literature [33]. By using these data, the unit cell parameters of the phases were calculated with POWD 2.2. computer program. Related peak positions of the phases were noted in the diffractogram of the samples A and B as shown in Fig. 2(a) and (b), on which diffraction peaks have been indexed.
XRD observations showed that phase transformation occurred in sample A and B. These phase was identified as α1 bainite (9R), and the lattice parameters   a = 4,52 Å, b = 2,64 Å and c = 19,18 Å from the X-ray analyses were used [33]. Most of β-phase alloys are divide into two types according to the superlattices or composition ratio. One type is denoted by β2-phase, which has a CsCl-type B2 superlattice and other type is denoted by β1-phase, which has an Fe3Al-type DO3 superlattice [34]. Sample B was observed, 
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(2H) from DO3 parent phase. This behavior can be explained in effects of the 7% deformation. The bainite may possess either M18R or M9R type ordered structure, depending on the type of order in the parent phase, as observed in Cu-Zn-Al alloys [35-37]. In addition, X-ray diffraction of the sample B, as shown in Fig. 2(b), exhibited the peaks corresponding to 
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precipitates. In these alloys due to the formation of a large amount of aluminum rich particles of 
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 precipitate, there was a decrease in the aluminum concentration in the parent austenitic phase [38].
4. Conclusions
The results of this study can be summarized as follows: In the present study, bainite was formed over a wide range of temperatures, and the two types of bainite morphology in Cu-%9.97Al-%4.62Mn alloy were rod-shaped bainite and a needle-like bainite. The microstructure of the alloy was still composed of bainite phase with some precipitations after the thermal effects. In sample B with deformation, only a needle-like bainite and some martensite variants were formed. 
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Figure Captions

Figure 1. is a scanning electron micrographs showing the bainite structures of (a) sample A (b) sample B.
Figure 2. X-ray diffraction patterns of samples (a) sample A and (b) sample B.
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