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ABSTRACT 

 Cu–Sn–Mn Shape Memory Alloys in the range of 10-15 wt.% of Tin and  

1-5 wt.% of Manganese, exhibiting β-phase at high temperatures and 

manifesting shape memory effect upon quenching to lower temperatures, were 

prepared through ingot metallurgy. The alloy ingots were homogenized followed 

by step quenching so as to obtain a structure that is completely martensitic. They 

were subsequently characterized by optical emission spectrophotometry, 

differential scanning calorimetry and optical microscopy. The superelastic 

properties of the alloys were studied by tensile test. This paper deals with the 

characterization of the Shape Memory Effect in Cu-Sn-Mn Shape Memory 

Alloys. 
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1. INTRODUCTION 

 Shape Memory Materials (SMMs) are one of the major elements of 

intelligent/smart materials because of their unusual properties, such as the Shape 

Memory Effect (SME), pseudoelasticity or large recoverable strain, high 

damping capacity and adaptive properties which are due to the (reversible) phase 

transitions in the materials. SMMs may sense thermal, mechanical, magnetic or 

electric stimulus and exhibit actuation or some pre-determined response, making 

it possible to tune some technical parameters such as shape, position, strain, 

stiffness, natural frequency, damping, friction and other static and dynamical 

characteristics of material systems in response to the environmental changes. 

Copper-based shape-memory alloys have some advantages, such as low cost and 

simple fabrication procedure, compared to Ti-Ni alloys. Of the alloys, the 

ternary Cu-Zn-Al and Cu-Al-Ni alloys have been extensively studied and they 

are also now commercially available [1]. However, the applications of these 

alloys have been much limited mainly for two reasons: (1) the poor ductility and 

workability of the polycrystalline alloys resulting from the coarse grains, the 

high elastic an-isotropy and the precipitation of brittle second-phase particles; 

and (2) the metastability of both the parent (B2, D03 or L21) and martensite (9R 

or 18R) phases in the alloys, which result in complicated ageing effects and 

hence an undesirable reliability of the performance of the alloys. Because Cu-

Sn-Mn alloys have a much better thermal stability and higher operating 

temperatures than Cu-Al-Zn alloys, they may become one candidate for practical 

high-temperature shape-memory alloys if only their poor processibility can be 

improved. Cu-Sn-Mn Shape Memory Alloys exhibit excellent Shape Memory 

Effect, Pseudoelastcity and good damping properties. Addition of Sn and Mn 

can broaden the β-phase region which in turn enhances the ductility. The  

β-phase is the main structure for the formation of shape memory behaviour and 

it can be stable in the room temperature range by the rapid cooling from the  

β-phase region. The disordered β -phase has become ordered DO3 austenitic 
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structure before transforming to martensitic phase. So, the shape memory 

properties are a kind of austenitic ↔ martensitic phase transformation [2]. 

2. EXPERIMENT 

 Cu–Sn–Mn SMAs with 10–15 wt.% of Tin and 1–5 wt.% of Manganese 

were chosen for the present study, as the alloys exhibit β-phase at high 

temperatures and manifest shape memory effect on quenching to form 

martensite in this composition range. The alloys were prepared in such a way 

that small pieces of pure copper, aluminum and manganese cut from the 

respective metal ingots were taken in the right quantities to weigh 500 g of the 

alloy and were melted together in an induction furnace under an argon 

atmosphere. The molten alloy was poured into a cast iron mould of dimensions 

150mm×100mm×5mm and allowed to solidify. The ingots were then 

homogenized at 900 ◦C for 6 h under an argon atmosphere. The compositions of 

the cast alloys were determined using an integrally coupled plasma-optical 

emission spectrophotometer . The alloy samples were then hot rolled at 900ºC to 

a thickness of 1 mm. The rolled samples were betatized for 30 min at 900ºC and 

step quenched into boiling water (100ºC) and then quenched into a water bath at 

room temperature (~30ºC). 

 The microstructure and morphology of martensites formed were studied 

using an optical microscope. The transformation temperatures were determined 

using a differential scanning calorimeter (DSC) by heating/cooling the samples 

at the rate of 10ºC/min. The phases present in the polycrystalline samples at 

room temperature were determined by X-ray diffraction. The magnitude of strain 

recovery by SE for the different loads were determined by tensile test.  
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Figure 1 : Schematic illustration for the bending test 

2.1 Shape Recovery Strain 

 A strip specimen of 20mm in length×2mm in width×0.5mm in thickness 

was cut off from the hot-extruded rod. The Strip was solution-treated at 850 ◦C 

for 10 min and then to water quenched. The phase transformation temperatures 

Ms, Mf, As and Af were measured by the electrical resistance method to be 30, 

15, 46 and 65◦C, respectively. The quenched strip was bent to 90◦  at room 

temperature. The bent strip was put into boiled water for 40 s and then the angle 

θ1 was measured. The maximum deformation strain, ε, was pre-determined as 

4% for D= 12 mm.  

 The recovery, η, and the deformation strain, ε, can be calculated as the 

follows: 
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Where, t is the specimen thickness and D is the diameter of curvature [3]. 

3. RESULT 

3.1 Transformation Temperatures 

 The transformation temperatures vary with the variation in aluminum and 

manganese contents in the copper matrix. Fig. 1shows the variation in 

transformation temperatures with the variation in the aluminum or manganese 

contents when the wt.% of one element is held constant. It can be observed that 

the transformation temperatures decrease linearly with an increase in the 

aluminum or manganese content when the wt.% of one of the element is held 

constant. The variation in the transformation temperatures is mainly attributed to 

the formation of different types as well as amounts of martensite in the β-phase 

matrix with the variation in the aluminum and manganese contents. For smaller 

aluminum and manganese contents, β’ 1 (18R) martensite is predominant, which 

is derived from the L21 (Cu2AlMn) parent phase. At higher aluminum content, 

L21(2H) martensite is observed. Invariably, in all the alloys both β’ 1 and γ’ 1 

martensites are present. An increase in the proportion of γ’ 1 martensite in the 

alloys with an increase in aluminum or manganese content decreases the 

transformation temperatures of the alloys.  

 

Figure 2 : Variation in the transformation temperatures of Cu–Sn–Mn 

SMAs with the variation in Sn and Mn contents 
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 The different types of martensite formed in the alloys were determined by 

X-ray diffraction analysis of the polycrystalline samples. The X-ray diffraction 

patterns of the alloys are shown in Fig. 3. By comparing the results obtained 

with the data in the JCPDS files and with those published in the literature, the 

peaks in the patterns were identified.  

 

Figure 3 : X-ray diffraction patterns of Cu-Sn-Mn SMAs 

3.2 Microstructure  

 The shape memory behavior seen in many alloys is completely related to 

martensitic transformations. Martensitic transformations can be divided into two 

groups: athermal and isothermal. Some athermal and isothermal martensite 

phase transformation can be induced and affected by the stresses, strains and 

deformation applied to the material The heat treatment stages have also affects 

the martensitic structures and martensitic–austenitic reverses transformation, 

which appeared during shape memory behavior. 

 

Figure 4 : Microstructure of β-Martensite formed 
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3.3 Shape Memory Effect (SME) 

 The shape memory effect of the strip cut off from the hot as cast sample 

solution-treated at 850◦C for 10 min then water-quenched is measured with the 

results showed in Fig.5 The sample is undergone 4.0% deformation and then 

recovered in boiling water for 40 s. The shape memory recovery, η, is measured 

to be 100%. The η of the sample has remained 100% as it is subjecting to 

deformation and recovering for 100 times cycling. This is much higher than that 

of the as cast  Cu-Sn-Mn shape memory alloy [4] . The reported initial recovery 

of the Cu-Sn-Mn shape memory alloy was 68% and dropped to 30% in the 

second test where the deformation strain used was only 1%. 

 

Figure 5 : Show the shape memory behavior of Cu-Sn-Mn ribbon: (a) the 

austenitic sample at room temperature; (b) the bent sample in 

the liquid nitrogen while it is in the martensite phase; (c) and (d) 

the occurrence of shape memory behavior during the heating 

from liquid nitrogen temperature to room temperature 
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 After production, the ribbon shown in Fig. 5(a) was homogenized at 7408C 

for 30 min in the b-phase region and cooled in the water for stabilizing of the 

austenite phase. The austenitic ribbon sample was placed in liquid nitrogen 

where the martensite phase occurred. Whilst the specimen was in the liquid 

nitrogen, the martensitie ribbon was bent and deformed plastically, as shown in 

Fig. 5(b). During subsequent rising of the temperature from that of liquid 

nitrogen temperature to room temperature, the bent ribbon become a flat ribbon 

by itself as shown in Fig. 5(c) and (d). This is important shape memory behavior 

for samples producing from almost commercially pure elements [5]. 

4. CONCLUSIONS 

• The transformation temperatures of the Cu-Sn-Mn SMAs vary with 

variation in chemical composition of the alloys. The transformation 

temperatures decrease with an increase in either aluminum or 

manganese concentration of the alloys. 

• The shape memory recovery of the hot-extruded sample solution-

treated at 850 ◦C for 10 min then water-quenched is measured to be 

100% as it is recovered in boiling water bath for 40 s after deformed to 

4.0%, and the shape memory recovery of the sample remains 100% as 

it was subjected to deforming and recovering for 100 times cycling. 

• By placing them in to the liquid nitrogen, the austenized ribbon sample 

were transformed to martensite phase. 

• After deformation in the martensite phase region, shape memory 

behavior occurred during heating to room 

              temperature. 
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