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Abstract. It is important to control the martensitic transformation start temperature (Ms) of Ti–Ni 

alloys because it determines the temperature range over which the shape memory effect and 

superelasticity appear. Powder metallurgy (PM) is known to provide the possibility of material-

saving and automated fabrication of at least semi-finished products as well as net-shape components 

for NiTi alloys. In this study powder with different particle sizes was subjected by gas atomization. 

The evolution of the control the martensitic transformation start temperature (Ms) was studied by 

differential scanning calorimetry. The effect of the particle size of powders on the transformation 

temperatures behaviors was discussed. 

 

Introduction 

 

Shape memory alloys (SMA) have attracted much interest for their potential use as 

functional materials in many engineering applications, such as active, adaptive or smart structures, 

as well as certain biomedical applications [1-/3]. NiTi alloys with near-equiatomic composition of 

Ni and Ti have the highest technological interest regarding their ability to provide controlled 

material and damping properties and to change their shape with temperature or load. Shape memory 

effects and pseudoelastic behavior are associated with the reversible martensite-austenite phase 

transformation and the reorientation or detwinning of martensite variants. The reversible and 

diffusionless martensite-austenite transformation takes place in the temperature range from 50 to 

100 
o
C as a function of the Ni content of the matrix (usually 48-51 at.%). A variation of the Ni 

content by 0.1 at.% changes the transformation temperature by approximately 10 
0
C [4], which 

indicates that the chemical composition has to be maintained very accurately.  

 Conventionally, SMAs are produced by arc or induction melting followed by hot working. 

Then they are machined to final dimensions. Arc melting requires multiple remelts to ensure 

sufficient homogeneity, while induction melting has the drawback of crucible and oxygen 

contamination [4]. Cast metals display segregation, and during subsequent high-temperature 

working rapid grain growth occurs leading to poorer fatigue properties [5]. Therefore, throughout 

the last decade powder metallurgy (PM) processing routes have gained considerable interest for 

NiTi fabrication. The PM route can avoid problems associated with casting, like segregation or 

extensive grain growth. Moreover, it can allow an exact control of the chemical composition and 

offers the ability to produce a variety of component shapes minimizing subsequent machining 

operations. Nickel-Titanium is one of the most commonly-used SMAs. NiTi shape memory alloy 

powders are produced by gas-atomization, which results in relatively large, spherically-shaped 

particles, which may be undesirable for any number of reasons. Since a sphere has the maximum 

volume per surface area for any kind of shape, this shape minimizes the amount of the surface area 

available for interfacial bonding [6]. 

 The aim of this paper was measure the effect of the particle size of powders obtained by gas 

atomization on martensitic transformation behavior. 
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Experimental Procedure 

 

The Ti–49Ni (at.%) pre-alloy ingot was prepared by high-frequency vacuum induction 

melting. The powder was produced by gas atomization (Figure 1) generating spherical particles as 

shown in Fig. 2. The process of producing metal alloy powders is as follows. First, the metal or 

alloy was fused in an induction furnace. Second, the melt flowed into the atomizer and atomized to 

liquid droplets of various sizes by inert gas. Finally, all particles with different sizes were collected 

in chamber and classified by sieve. The phase transformation temperatures were also determined by 

differential scanning calorimetry (DSC) using heating and cooling rate of 10 K/min. 
 

 
Figure 1- Gas atomization schematic process. 

 

 
Figure 2- Ti-49at%Ni powder produced by gas atomization. 

 

Results and Discussion 
 

The Table 1 gives the powder manufacturer the nominal particle sizes. In addition, the 

transformation temperatures of the alloyed NiTi powder for cooling (AS, austenite→martensite) and 

heating (MS, martensite→austenite) are included. 
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Table 1- Transformation temperatures of the samples. 
 

Samples Particle size (µµµµm) MS (°C) MF (°C) AS (°C) AF (°C) 

As received - 59,3 44,0 67,6 87,8 

Powder 1 > 20 73,6 47,0 125,0 137,8 

Powder 2 < 20 88,7 61,7 135,0 143,9 

 

The effect of particle size analysis on the transformation temperatures has already been 

investigated. Fig. 3 shows DSC curves of the powders fabricated with particle size larger than 20 

µm and particle size less than 20 µm. The powder with particle size larger than 20 µm showed one 

exothermic and two endothermic peak on cooling and heating of DSC curves, as shown in Fig. 3(a). 

The splits in DSC peaks probably corresponding to the B2 parent phase and the B19 martensite. 

The powder with particle size less than 20 µm showed only one exothermic and endothermic peak 

on cooling and heating of DSC curves. The splits in DSC peaks in Fig. 3(b) probably corresponding 

only the B19 martensite. Significant difference on the transformation temperatures was detected for 

the individual powder fractions. But with increasing particle size, the transformation character shifts 

from a nearly perfect single step transformation to a fully developed multiple step transformation 

[2]. Similar results were also reported recently by Mentz et .al [7] who characterized NiTi powders 

by DSC. The NiTi powders considered here were produced by a rapid solidification and thus the 

resulting material states are far from being in thermodynamic equilibrium. Rapid solidification 

produced grain refinement that can be the cause to the increase in the transformation temperatures. 

Decomposition processes or shrinkage related stresses may well affect the transformation behavior.  
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Figure 3- DSC curves of the powders: (a) Particle size larger than 20 µm; (b) Particle size less than 

20 µm. 

 

Conclusions 

 

 The effect of the particle size of powders on the transformation temperatures behaviors was 

investigated. The hypotheses that the powders were produced by a rapid solidification, the less 

particles size have a larger grain refinement increasing the transformation temperatures. Probably 

the B2–B19 transformation occurs in particle size larger than 20 µm, while only B19 martensite 

transformation occurs in particle size less than 20 µm.  
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