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ABSTRACT 

Ti rich and Ni rich NiTi materials were 3D printed by using 

two Additive Manufacturing techniques: i) Laser Metal 

Wire Deposition (LMWD) and ii) Selective Laser Melting 

(SLM). Fine elements, like thin walled structures and stent 

like elements, were built through LMWD and SLM, 

respectively. 

A comparison of microstructures and martensitic 

transformation characteristics obtained with the two 

experimented AM methods will be reported. 
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INTRODUCTION 

Additive Manufacturing (AM) of functional materials, like 

shape memory alloys, has been a challenging topic for 

developing advanced smart components. Several 

experimental studies on 3D printing of NiTi employed a 

powder bed fusion method, selective laser melting (SLM) 

with a poor control of the composition and a certain degree 

of porosity in the built components [Elahinia, 2016; Van 

Humbeeck, 2018]. The SLM process allows thin parts, as 

stent-like structures, to be realized through a fine 

adjustment of the process parameters during SLM process 

[Demir, 2017]. On the contrary, one of the largest 

drawbacks is the long production time and high costs.  

Among the available AM technologies, thanks its relatively 

low cost and versatile material capability, the laser metal 

wire deposition (LMWD) can be applied for advanced 

manufacturing as an alternative process [Demir, 2018]. 

In this work Ti rich NiTi was printed starting from a 0.4 mm 

in diameter wire, by using a LMWD and a Ni rich NiTi 

powder was used as starting material for SLM builds. The 

martensitic transformation and the microstructure of thin 

built elements were analyzed with differential scanning 

calorimetry (DSC) and optical microscopy (OM) and SEM.  

EXPERIMENTAL 

Commercial NiTi powder was used for printing thin 

structures, as thin wires and stent-like elements, using SLM 

technology (mod. AM200 from Renishaw). On the other 

side, a commercial laser system (Trumpf powerweld) and a 

prototype wire feeder were used for  LMWD process; 

Nitinol wire, 0.4 mm in diameter, was adopted for 

manufacturing thin wall parts up to 2m mm in heigth. 

Process parameters, not listed here, have been optimized for 

producing thin parts for both SLM and LMWD processes. 

Preliminary samples characterization was carried out 

through differential scanning calorimetry (DSC, mod. Seiko 

220) with a heating/cooling rate of 10°C/min, and optical 

microscopy (OM) for looking the microstructure obtained. 

 

RESULTS 

Figure 1 show the thin parts manufactured via SLM and 

LMWD processes. Some stent-like elements, having 

different size, were printed via SLM (see Figure 1 left). The 

manufacturing of such thin struts required the optimization 

of the process parameters. The stent width is about 120 

microns. On the contrary, in Figure 2 (right) some thin-

walled structures, realized through a layer by layer laser 

melting of a wire, were depicted.  

 

 

 

Figure 1: Thin wall structures in Nitinol manufactured by 

SLM (left) and LMWD (right) 

 

The Nitinol feedstock, powder and wire for SLM and 

LMWD respectively, is subjected to different thermal 

histories. The martensitic transformation (MT) of the 

manufactured samples, measured by DSC scans, is reported 

in Figure 2. In both the samples, the enthalpy of the MT 



values around 10-12 J/g while the transformation 

temperatures are different, coherently with the Ni/Ti ratio of 

the initial material. 
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Figure 2: DSC scans of Nitinol samples manufactured by 

SLM (a) and LMWD (b) 

 

In Figure 3 the microstructures of the manufactured parts 

are shown. The fine traces of the laser scanning during the 

SLM process, corresponding to the liquid pools, are visible 

from the OM picture shown in Figure 3a. On the contrary, 

the melting of the wire feedstock highlights larger liquid 

pools (see Figure 3b). Finer microstructure should be 

obtained in SLM than in LMWD, due to the faster cooling 

rates when the single layer of powder is consolidated. 

Moreover, the parts manufactured via SLM shown a relative 

density lower than the one produced via LMWD.  

 

CONCLUSIONS 

Both of the laser based AM technologies shown a suitable 

potentiality for the production of NiTi components. The 

process parameters adjustment is relevant for defining the 

functional properties on built parts. The MT is maintained 

after both the processes. However, functional fatigue, 

compositional stability as well as statistical reliability has to 

be further investigated before commercial applications use 

of NiTi AM components.  
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Figure 3: Optical microscopy of Nitinol parts 

manufactured by SLM (a) and LMWD (b) 
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