Research Proposal:  Improvement of Copper based Shape Memory alloys 

[image: image11.emf]
Improvement of Copper Based Shape
Memory alloys 
A Proposal Submitted to

Department of Production and Metallurgy Engineering, University of Technology - Baghdad, Iraq 

As PhD Research
By

Ali Munther Mustafa
Theoretical Background

1.1 Introduction

         Smart Materials are materials that change their shape, color, or size in response to an externally applied stimulus. One of these is Shape memory alloys (SMA's) are metal alloys that exhibit shape memory properties, It is possible to have a transformation temperature below ambient temperature in which case the alloy will behave like a spring. Over a range of temperatures, starting at the transformation temperature, the alloy undergoes a reversible solid state transformation; the transformation temperature is influenced by composition and other factors. In This study I make Survey of the Copper group shape memory alloys about the most important factors that affected the shape memory Behavior and the techniques that used to improve the shape memory Behavior. These alloys have good workability, weldability and corrosion resistance, shape memorization properties in addition to a relatively low cost of production.
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Figure 1 Stress temperature plot for a typical shape memory system.

1.2 Copper Based Shape Memory Alloys

Among various ferrous shape memory alloys, the cost-saving Copper based shape memory alloys appear to have commercial significance. Cu-Al-Ni and Cu-Al-Be shape memory alloys are at present the only alternative if high transformation temperatures are required. The temperatures of martensitic transformation can be “adjusted” between -200°C and 200°C. The shape memory properties are based on properties of the high temperature binary Cu-Al phase b, having a body centre cubic structure. Nickel in ternary alloys slows down the diffusion of Cu and Al; in this way Ni efficiently helps to suppress the decomposition of the parent phase b during cooling, until the Ms-temperature is reached. The optimal chemical composition is about 14 wt. % Al and 3 to 4.5 wt. % Ni . Transformation temperatures decrease with increasing Al-content. At 14 wt. % Al the Ms Temperature lies already around the room temperature.
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     Figure 2 show a) the transformation of SME , b) Cu-based SMAs
1.3 Applications of copper SMAs

Among a wide variety of shape memory alloys, copper shape memory alloys are considered as strong candidates to replace more expensive Ni-Ti and Fe based shape memory alloys because of their low cost and good properties. To date, copper based shape memory alloys have succeeded to find their applications in:-

 1- Heat to shrink pipe couplings (Pipe joint).

2- Oil fields.

3- Dampers (alloys also posses adequate damping capacity and can be used in different applications).

4- Thermal actuators and Sensors.
5- Hydraulic Fittings (for Airplanes and aerospace).
1.4 The Aim from the study
     Cu-based shape memory alloys suffered from intergranular failure and corrosion failure causes by coarse grain structure, so recent development has interest on improve corrosion resistance and Cu-based shape memory alloys properties.        
    It was found from the survey some researches who are working on this alloy mention that the copper shape memory alloys can be improvement by many factors.
           The Idea that can be significantly increases the SME and corrosion resistance by grain refining and adding some additives like (Cr, Mn, Ti and B) that improve the corrosion resistance.   
           The following main objectives were considered to improve shape memory effect and mechanical properties of copper shape memory alloys during this research project:

1- Effect of Grain-refined on the Shape Memory alloys. 

2- Effect of Heat treatment on the copper shape memory alloys Mechanical properties.
3- Improvement of a series of copper shape memory alloys with increase the recovery strain and corrosion resistant by add some element like (Cr, Mn, Ti and B).
4- A comparative study between two copper shape memory alloys with and without additives.

5- A comparative study of the microstructure change of copper SMA's and the improved copper SMA's. 
Experimental Work
2.1 Introduction

There is some problems exist in the fabrication of SMAs, The fabrication of SMAs is effected with many factors. So there is an important Consideration in the fabrication of SMAs are:

1. Control of alloying composition.
2. Cold or hot working.
3. Shape memory treatment.
One of the most important fabrication techniques is powder metallurgy.
 2.2 materials and equipments

Materials:

The elemental powders that will use in this study to prepare shape memory alloys with a good average particle size & purity are:
1- Fine Copper powder with average particle size (under test) and high purity (99.999 from alpha. co).
2- Two fine Aluminum powder with average particle size (under test) and high purity (99.999 from alpha. co), and the second from the department of engineering production and metallurgy (under tested)
3- Nickel powder with average particle size (under test) from the department of engineering production and metallurgy. 
4- The additives powder (Cr, Mn, Ti,B…) from the market with purity (99.999). (Under tested)
Equipments:
1- Mixing machine with alumina balls to mix the powder is prepared.

2- Design and fabricate die for compacting the powder mixture of the SMA's. 
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3- Design a vacuum France up to 10-3 and then flow argon in the tube to sintering the green part of the SMA's. (Under constriction).
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2.2 Fabrication of Cu- shape memory alloys by powder metallurgy
        Powder metallurgy is one of the important fabrication processes, the powders will be pre-alloyed and homogeneity then compacting to green part and sintered in vacuum or protected environment to desired shape.
The copper Shape-memory alloy composed of Cu/Al/Ni or Cu/Al/Be will produce; the powders (Cu, Al, (Ni or Be) and Cr , Mn , Ti and B) with coarse and fine grain will pre-alloyed or mixed in a metal or ceramic container. Selecting one of the above compositions and adding a trace amount of different alloying elements mainly Cr or Mn and  Ti or B with a percent of (0.1, 0.2 and 0.3). Than the powder will placed into a die for compacting it to green part, after compacting the green part will sintered in vacuum France with a protective atmosphere.
2.3 hot working
 Then Pre-rolling or extruded to a strip or rod at temperature 700-900 oC and water quenched this improves the grain and particle refining.
2.4 Shape memory treatment
 The samples will divided into two groups ; the first group will heat treated to various times and temperatures  from the rang 800-950 oC and time from 15 min to 1 h under flowing argon atmosphere or solution Heat treatment to the same temperatures and time , and the second group that rolled or extruded will subjected to the same heat treatments. Than all samples will tested and inspection to determine the shape memory effect and the changes on the microstructure for the copper based SMA's.
2.4 Testing and Inspections:

1- Sample Preparation.
2- Differential scanning calorimetry (DSC).
DSC is a thermoanalytical technique in which the difference in the amount of heat required to increase the temperature of a sample is measured as a function of temperature. The temperature program for a DSC analysis is designed such that the sample holder temperature increases linearly as a function of time. The sample should have a well-defined heat capacity over the range of temperatures to be scanned.
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3- Investigating of microstructure differences of the improve SMAs by optical and scanning electron microscopy (SEM). 

4- X-ray diffraction, determine the phases.

5- Mechanical Properties (Micro Hardness Testing).

6- Investigating of corrosion rate of the improve SMAs. 
7- Modeling of shape-memory-alloy.
· Modeling will be done by transforming all the relation between the compositions and transformation Temperatures and hardness and corrosion resistance to equations.



















9 | Page

[image: image9.jpg]


[image: image10.jpg]Cu-base shape memory alloys

% Cu-Al-X

X = Al, Si, Sn, Ga, Mn X = Ni, Be, Zn, Mn

Cu-Zn-Al-Ni Cu-Al-Ni-Mn
Cu-Zn-Al-Mn

Commercial alloys Commercial alloys

Cu-Al-Ni-Y(gr)
Cu-Al-Ni-Mn-Y(gr)

Cu-Zn-Al-Y(gr)
Cu-Zn-Al-Mn-Y(gr)

Y(gr) = Grain refining elements; B, Ce, Co, Fe, Ti, V ,Zr.



