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Abstract Nowadays, thanks to the growing interest

regarding the manufacturing of 3D complex parts with

integrated functionalities, the additive manufacturing of

NiTi shape memory alloy is a challenging technological

issue. Particularly, 3D printing of NiTi components

requires a strong interaction between technological and

metallurgical approaches, due to the significant correlation

among the process conditions, the microstructure, and the

functional performances. The goals of the present work are

to define the processability of NiTi powder for realizing

fully dense samples using Selective Laser Melting process

and the correlation between the microstructure and the

superelastic response of specimens processed in different

process conditions. It was found that highest relative den-

sity values can be obtained for a laser fluence in the range

63–160 J/mm3. The resulting microstructures exhibit vari-

able degrees of orientations, according to the different

cooling rates and melt pool size, specific for each condi-

tion. Finally, mechanical testing in compression indicated

that the as-built alloy exhibits a limited superelastic

behavior. A typical flag-like behavior, characterized by 6%

of complete recoverable strain, was obtained through heat

treatment at 500 �C. This suggests that the microstructure

of as-built samples is highly efficient to promote supere-

lasticity after annealing.

Keywords NiTi � Shape memory alloy � Selective laser

melting � Microstructure � EBSD � Martensitic

transformation � Superelasticity

Introduction

Shape Memory Alloys (SMAs) are functional materials,

which are well known for their unique properties, namely,

shape memory effect (SME) and pseudoelasticity (PE) [1].

Due to its stable and optimal properties, intermetallic NiTi

compound is the most widespread SMA. These peculiar

characteristics are due to a diffusionless solid-to-solid

phase transformation, namely, martensitic transformation

(MT), which can be found in Ti-rich NiTi and Ni-rich NiTi

alloys above or below room temperature, respectively. The

temperature range, at which the MT occurs, dictates the use

of these materials as actuators or for biomedical devices

showing SME or PE, respectively. However, the use of Ni-

rich NiTi alloy, showing SE at room temperature, was also

demonstrated to be suitable for developing high-perfor-

mance actuators based on heating and cooling of the stress-

induced martensite [2]. Transformation temperatures of the

MT are strongly affected by Ni/Ti ratio, and stable func-

tional characteristics are obtained through challenging

processes [3, 4]. The limited processability of NiTi through

conventional manufacturing methods [5, 6] stimulates the

use of advanced manufacturing processes [7], like laser

welding [8–11] and cutting [12], and additive manufac-

turing (AM) [13, 14]. The formers are the most adopted in

industrial applications, while the latter is nowadays widely

experimented in scientific fields. Due to the benefits of AM
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[15, 16], such as the realization of complex parts and the

possible redesign of the components according with the

concept of placing material only where it is necessary, NiTi

can be considered as one of the most promising alloys

produced by AM, only superseded by industrially recog-

nized metallic powders. On the other side, there are sig-

nificant issues to be taken into account, including Ni loss

[17], appropriate heat treatments [18], and optimization of

functional performances of the parts [19].

The manufacturing of NiTi SMAs using different AM

technologies, such as Powder Bed processes (Selective

Laser Melting—SLM and Electron Beam Melting—EBM)

and Direct Energy Deposition (DED), has been deeply

studied in several experimental works [13, 20–22]. Among

these AM methods, nowadays, the SLM process appears to

be the best solution for nearly equiatomic NiTi compound.

In fact, SLM can be considered the most proper one not

only due to its reasonable ability of protecting both powder

and liquid pool from oxidation, but also for its capability of

limiting the Ni evaporation, counteracted by the pressure of

the inert gas present in the chamber. Several works

focusing on the microstructure and functional properties of

SLM-built samples, manufactured using Ni-rich NiTi, can

be found in the literature, specifically for biomedical

applications [19]. It was found that MT temperatures

comparable to those of the wrought alloy can be obtained

[23, 24], even though the strict control of the Ni/Ti ratio is

a challenging issue [25, 26]. Another relevant difference

between SLMed and wrought NiTi lies in the different

texture orientations, which arises from the manufacturing

characteristics, such as cooling rates and thermal gradients.

In fact, the SLMed microstructure can be strongly textured,

depending of the process conditions [27], and this feature

may be optimized for tailoring the functional performances

of the NiTi parts [23, 24, 28–31].

However, all the mentioned works are related to the

SLM process carried out using a continuous wave (CW)

laser emission mode. It is well known from laser material

processing that the use of continuous wave (CW) and

pulsed wave (PW) laser emission modes can promote

modifications in the processability map and in the

microstructure of metals [32–34]. The literature reports

several works regarding the use of CW laser emission

mode in SLM of NiTi alloys, while no available informa-

tion on the use of PW lasers for printing NiTi alloys can be

found in the literature.

Therefore, the scope of the present work is to identify

the technological window for realizing fully dense samples

using the PW laser emission mode and to correlate dif-

ferent process conditions to the microstructure and the

functional properties of NiTi SLMed specimens.

It was found that the relative density maximum is

associated to a laser fluence range, which is able to

promote microstructures exhibiting different levels of ori-

entations, according to variable cooling rates and different

melt pool sizes. The induced fluence can also induce a shift

of the martensitic transformation temperatures to higher

values, accordingly, with the use of higher laser pulse

energies. Finally, mechanical testing in compression indi-

cated that the as-built alloy exhibits a limited superelastic

behavior; on the contrary, a typical flag-like behavior,

characterized by 6% of complete recoverable strain, was

obtained after a heat treatment at 500 �C.

Experimental

Selective Laser Melting Process

Cylindrical samples (3 mm in diameter, 5 mm in height)

were produced from Ni50.8Ti49.2 (at%) spherical powder

by means of a SLM system (mod. AM400 from Renishaw)

equipped with a pulsed wave laser with a maximum power

of 400 W. The process parameters, listed in Table 1, were

used for manufacturing cylinders printed on a Ti6Al4V

platform at room temperature [31]. Full factorial design

was performed for fixing the optimal set of process

parameters able to maximize the relative density.

Sample Characterizations

Density measurements were performed with a Gibertini E

50 S/2 balance equipped with a set up for implementing the

Archimedes method on all the SLMed samples. Relative

density is evaluated by ratio between the measured density

and the nominal density of 6.45 g/cm3. This procedure was

carried out in order to define the process conditions able to

guarantee the highest values of relative density in function

of the laser power density per unit of volume, namely,

fluence, which was calculated as follows (Eq. 1):

Table 1 List of variable and fixed process parameters used for

printing NiTi cylinders

Parameters Values

Power 30-40-50-75-100-125-150-175 W

Exposition time 25-50-75-100-125-150 ls

Scanning strategy Meander

Atmosphere Argon

Layer thickness 30 lm

Hatch distance 50 lm

Point distance 50 lm

Laser spot size 65 lm

Oxygen level \ 20 ppm
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F ¼ P � texP
dp � dh � s

ð1Þ

where P, texp, dp, dh, and s indicate laser power, exposition

time, point distance, hatch distance, and layer thickness,

respectively [31].

Two process conditions, in correspondence of low and

high fluence, were selected in the peak of the relative

density of the samples in order to perform further analysis.

X-ray CT was performed on selected cylinders using a

Phoenix v|tome|x M 300 CT system (Baker Hughes) having

a tension of 300 kV and spatial resolution below 1 mm; the

types of defects within the entire volume of the samples

were analyzed.

Roughness of the upper surfaces of the built cylinders

were quantitatively evaluated by using a 3D non-contact

profilometer (Sensofar S-neox) equipped with an interfer-

ometric 10 9 objective (vertical resolution: 1 nm; spatial

sampling: 1.29 lm) and a confocal 100x (vertical resolu-

tion: 2 nm; spatial sampling: 0.13 lm) CF60-2 Nikon

objectives. Quantitative measurements according to the

ISO 25178 standard have been performed using the soft-

ware embedded in the system (SensoSCAN).

Calorimetric properties of the SLMed NiTi samples

were investigated through a differential scanning

calorimeter (DSC, mod. SSC 5200 by Seiko Instruments),

in the [- 100 �C; 150 �C] range with heating/cooling rate

of 10 �C min; five complete thermal cycles were per-

formed for each sample. Characteristic temperatures and

corresponding transformation enthalpies were evaluated for

both direct/reverse transformations upon cooling/heating,

respectively.

Microstructure was investigated through Scanning

Electron Microscopy (SEM), coupled with Electron Back

Scatter Diffraction (EBSD) and energy Dispersive X-ray

Spectroscopy (EDXS), on the xy and xz views for the three

selected samples (FEG-SEM mod. SU70 from Hitachi,

equipped with EBSD and EDXS systems from Ther-

moFisher Scientific). Sections were cut with a precision

cut-off machine, and then included in graphite-loaded hot

mounting resin, and after conventional metallographic

preparation, consisting of silicon carbide paper grinding

and diamond suspension polishing, a final polishing step

with colloidal silica was applied.

Compressive tests were conducted at 25 �C by means of

an MTS 2/M machine, equipped with extensometer, at

strain rate of 0.01 min-1. Eight complete loading and

unloading cycles, up to 10% in maximum strain, were

carried out on specimens in as-built condition and after a

low-temperature heat treatment, for stress release and

shape setting, at 500 �C for 5 min followed by water

quench.

Results and Discussion

Processability of NiTi Powder Using SLM

A feasible processing window was identified by consider-

ing the main process parameters, including laser power and

exposure time (see Table 1), which determine the energy

transferred by the laser beam to the powder layer during the

PW emission mode.

In detail, in the present work, the processability was

correlated to the maximization of the relative density, the

latter was measured via the Archimede’s method. Figure 1

shows the effect of the fluence F, which is directly pro-

portional to the pulse energy (product between laser power

and exposure time), on the densification of the NiTi pow-

der. The curve, depicted in Fig. 1, represents the typical

evolution of the relative density as function of F for SLMed

parts, which can be found in the literature for several

alloys. A rapid increase of the relative density up to its

maximum value can be observed, then a stable part follows

and finally density decays smoothly for higher values of F

(see the red dashed lines (1), (2) and (3) in Fig. 1,

respectively. In the case of the NiTi alloy, a steep increase

in the relative density up to 99.7% was detected with

increasing values of F up to 63 J/mm3, which corresponds

to the process condition, defined by P = 30 W and texp-

= 120 ls (see the red circle on the left in Fig. 2). For

limited increase of the laser energies, the relative density

remained slightly constant up to F equal to 160 J/mm3

(process condition, defined by P = 125 W and texp-

= 75 ls; see the red circle on the right in Fig. 2), which

corresponds to a relative density value of 99.9%. Finally,

for further increase of energy, the relative density started to

Fig. 1 Relative density of NiTi samples in function of the fluence F
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slowly decrease, since higher fluence can induce the for-

mation of gas pores.

It is known that this particular trend can usually be

explained by considering that the adoption of low-energy

inputs causes defects, such as unmelted powders, due to the

lack of fusion. On the contrary, high-energy ones induce

porosity, due to gas entrapment and potential local vapor-

ization of elements. The mentioned different kinds of

defects are located in the regions (1) and (3) in the relative

density evolution shown in Fig. 2. In particular, the pres-

ence of these different defects can be explained by the

energy required by the material to allow its melting and its

partial vaporization, according to the following equation

(Eq. 2):

E ¼ A � q � Cp � TM � Ti½ � þ LM þ m0 � LV
� �

ð2Þ

where A is the absorption coefficient; r is the density; Cp is

the thermal capacity; TM and Ti are the melting and initial

temperatures, respectively; LM and LV are the latent heat of

melting and vaporization, respectively; and m0 represents

the percentage of liquid material that is subjected to

vaporization, if present.

Combining Eqs. 1 and 2, it can be obtained that the

density of energy per unit of volume, transferred by the

laser beam to the powder and representative of the specific

process condition, is correlated to the energy required by

the alloy for its melting and, eventually, for its partial

evaporation (if m0 [ 0). For typical defects of SLMed

parts, such as lack of fusion or gas pores, the fluence F

would be lower or higher than E, respectively.

In Fig. 2, CT scans and optical micrographs of sections

were combined in order to analyze the defects in NiTi-built

cylinders, produced with the extreme conditions of the

region (2) of Fig. 1. In details, Fig. 3a, d report 3D

reconstructions of the large volume samples from CT

scans, while the correlations between the defect diameter

and its sphericity are plotted in Fig. 3 b, e. Additionally,

OM was adopted for analyzing the cross section (xy view)

of the samples.

It can be seen that the NiTi sample, produced with flu-

ence equal to 63 J/mm3 (P = 30 W; texp = 125 ls), shows

residual porosity (residual porosity = 100%—relative

density), which is in good agreement with the relative

density value measured with Archimede’s method (see

Fig. 1). These defects are spread all across the sample

volume without any preferential location, as shown in

Fig. 3a. Figure 3b indicates that the detected pores size

varied from 30 lm up to 270 lm, and the corresponding

sphericity factor ranged from 0.82 down to 0.34, respec-

tively. The cross section of Fig. 2c exhibits a representative

distribution of the size, shape, and position of the defects;

Fig. 2 Analysis of defects, by CT and OM, respectively, of NiTi samples manufactured with different energy density values: F = 63 J/mm3 (a-b-

c) and F = 160 J/mm3 (b-d-f). In the Fig. 3D, CT scans (a, d), diameter-sphericity trend (b, e), and cross section in the xy view (c, f)
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in fact, the large variation in the defects size can be well

appreciated by the OM image.

The increase of fluence to 160 J/mm3 (P = 125 W;

texp = 75 ls) leads to lowering the residual porosity down

to 0.1%, evenly distributed in the entire volume of the built

sample, as shown in Fig. 2d. The number of detected

defects and their size and shape is lower than in the pre-

vious sample, as indicated in Fig. 2e: the pores size varied

from 60 lm up to 125 lm, except for few outliers, and

their corresponding sphericity factor ranged from 0.72

down to 0.43, respectively. The observation of the cross

section acquired with OM confirms that the level of

porosity has been reduced (see Fig. 2f). The enhancement

in terms of relative density as well as the reduction of the

defects size is due to the increase of the energy transferred

to the powder bed, which provokes a larger liquid pool and

better joining between adjacent pools.

Both the plots reported in Fig. 3b and e are divided into

two regions: lack of fusion in correspondence of irregular

and large size defects, and gas pores, characterized by

smaller dimension and high sphericity. SEM analysis

confirmed the different types of porosity that could be

found in the samples (see Fig. 3): while the lower fluence

sample presented both round pores from gas trapping and

irregular pores from lack of fusion, higher fluence sample

mostly presented mostly round pores.

These regions can be correlated to the process condi-

tions and mainly to the fluence. The first region can be

correlated to insufficient energy for the complete melting

of the powder; therefore, elongated and irregular voids are

generated along a preferential direction, related to the laser

scanning. With increasing energy density, the second

region is characterized by finer and spherical porosities:

higher energy given to the powder can promote the for-

mation of a more uniform and stable liquid pool, which

allows for an increase in the relative density of the SLMed

part [35].

Representative 3D profiles of the surfaces of NiTi

samples obtained at F = 63 and 160 J/mm3 are shown in

Fig. 4 and surface parameters are reported in Table 2: the

good achieved densification is confirmed at the surface

level too. Surface roughness expressed as Sa (Arithmetical

mean height of the surface) or Sq (Root mean square height

of the surface) were comparable for both the type of

samples at any surface scale and whatever the acquisition

technique. As these parameters involve the distribution of

heights along the examined surfaces, they do not account

for the spatial distribution of the surface features; however,

a different pattern regularity can be observed on the sur-

faces of NiTi samples obtained at different energy densi-

ties. A useful spatial parameter able to quantitatively

determine this feature is the Str (Texture Aspect Ratio)

which can assume values ranging from 0, for surfaces

exhibiting regular directionality and privileged orienta-

tions, to 1 for surfaces having an isotropic random texture

[36]. The values of Str presented in Table 2 are lower for

the surface of NiTi samples obtained at F = 160 J/mm3

demonstrating a more regular surface pattern compared to

samples obtained at F = 63 J/mm3. This confirms that

higher fluence value permits to achieve a complete melting

of the NiTi powder, and the smoother upper surface indi-

cates that a higher densification can also be obtained, as

indicated in the previous analysis of the defects. However,

as expected, the presence of partial melted residual powder

was also visible from both the 3D images, acquired at high

magnification (see Fig. 4b, d).

Martensitic Transformation, Microstructure,

and Mechanical Behavior

In Fig. 5, the DSC curves of small NiTi samples, pro-

duced with the different values of fluence and the ref-

erence DSC scan of starting powder, are depicted. Both

forward and back transformation peaks of as-built

SLMed are broad with low enthalpy values due to high

residual stresses as consequence of the rapid solidifica-

tion of SLM layer-by-layer process. Again, upon cooling

typical double steps transformation B2-R-B190 is shown,

Fig. 3 SEM micrographs in the

xz view of the NiTi samples

manufactured with different

energy density values: F = 63 J/

mm3 (a) and F = 160 J/mm3

(b); building direction vertical
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while for the high residual stresses condition, only a

broad peak related to reverse martensite to austenite (B2)

is highlighted.[37, 38].

EDXS analyses were performed on the cross section of

the two samples, and no evident compositional variations

were detected (see Table 4). Anyways, it is worth men-

tioning that the increase of fluence is correlated to a slight

decrease of the average Ni content from 51.0 down to 50.8

in atomic percentage; thus, it should be correlated to the

temperatures shift, as those are very sensible to Ni/Ti ratio

[38].

As expected, after HT, the DSC curves, depicted in

Fig. 6, show a marked double-step transformation for both

the heating and the cooling scans. A slight increasing of

R-M peak for higher value of fluence can be associated to a

very slight increasing of Ni content as reported above.

Because R phase is less affected by the Ni/Ti ratio, the

peaks associated to R phase transformation are basically

overlapping. Details of MT temperatures and enthalpies of

SLM samples after HT are collected in Table 3.

The shift of the MT temperatures can be due to several

reasons, such as Ni loss, residual stresses, and

microstructural modifications. EDXS analyses were per-

formed on the cross section of the two samples, and no

evident compositional variations were detected (see

Table 4). Anyways, it is worth mentioning that the increase

Fig. 4 3D reconstruction of surface scans of NiTi samples manufactured with different energy density values: F = 63 J/mm3 (a, b) and

F = 160 J/mm3 (c, d)

Table 2 Surface parameters

obtained by interferometric and

confocal microscopy for NiTi

samples obtained at different

fluence values

Fluence, F [J/mm3] 10 9 interferometric

(1.75 9 1.32 mm2)

100 9 confocal

(175 9 132 lm2)

Sa [lm] Sq [lm] Str Sa [lm] Sq [lm] Str

63 J/mm3 8.66 11.07 0.69 1.26 1.68 0.72

160 J/mm3 8.08 11.52 0.48 1.25 1.59 0.46

Fig. 5 DSC scans of NiTi samples manufactured with different

energy density values: F = 63 J/mm3, F = 160 J/mm3, and reference

powder
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of fluence is correlated to a slight decrease of the average

Ni content from 51.0 down to 50.8 in atomic percentage:

this should be correlated to the transformation temperatures

shift, as those are very sensible to Ni/Ti ratio [38]. This

trend is confirmed for a very high-fluence value (300 J/

mm3) SLM specimen where a Ni composition of 50.4 at.%

was detected (see Table 4). However, very poor density

samples with fluence values higher than 160 were not

considered in this work.

Microstructural investigations were performed on the

two selected samples. For both samples, grains shape was

irregular on XY section and characterized by a rather

squared patter, with bigger grain at center surrounded by

smaller ones. On XZ section, grains appeared elongated, as

generally shown by SLMed materials. Significant differ-

ences were detected with EBSD analyses, and those main

results are presented in Figs. 7, 8, and 9. Low fluence

sample shows random orientation of the grains, while in the

high-fluence sample, the grains show a preferred [100]

orientation rather parallel to z direction (building direc-

tion). The found preferred orientation agrees with literature

results [30, 39, 40]. This difference in orientation is quite

evident in Fig. 7, in which analyses performed on xy sec-

tion are reported. OIM and pole figures, related to orien-

tation with respect to building direction, clearly denote the

difference between the two conditions. Additionally, in

Fig. 7a, the regular pattern due to the parallel scanning

lines can also be observed, separated of 50 lm, i.e., the

hatch distance.

Analyses performed on xz section (see Fig. 8) confirmed

the different preferred orientation with respect to xy ones

and also highlighted a sharper epitaxial growth in the high-

fluence sample. Figure 8d shows elongated grains that

nucleates in a melt pool and continued through several

building layers.

Both microstructural features, namely, preferred orien-

tation and elongated grains, are known to affect shape

memory materials properties [19]. Higher-magnification

analyses allowed to verify the presence of both bigger

grains, and also micrometric size ones, often clustered,

with similar orientation (see Fig. 9). Grain boundaries

appear wavy, denoting a far from equilibrium configuration

of the microstructure and high energy stored in grain

boundaries, that can be released upon thermal treatment.

Figure 10a, b display loading/unloading curves of

samples, produced with fluence equal to 63 and 160 J/mm3,

respectively. The trend of recovered strain vs imposed

deformation is shown in Fig. 10c. During initial cycles, the

two samples display a qualitatively similar behavior:

recovered strains increase almost linearly at every cycle,

but at lower fluence higher superelasticity can be obtained.

Moreover, it is characterized by higher stresses (e.g.,

300 MPa vs. 151 MPa at 3% deformation). When imposed

strain exceeds 6%, however, the superiority of the sample

processed with the low fluence value in recovering strain is

reversed and the increase of fluence provokes a better

behavior [30]. In particular, whereas the use of low fluence

permits to achieve the ability to recover deformation like a

plateau, certainly due to the accumulation of irreversible

Fig. 6 DSC scans of NiTi samples manufactured with different

energy density values: F = 63 J/mm3 and F = 160 J/mm3 after HT

at 500 �C for 10 min ? WQ

Table 3 Transformation temperatures peaks and heat exchange, evaluated at the second thermal cycle, of the NiTi-built samples after HT

500 �C for 10 min ? wq

Conditions PA�R [�C] PR�M [�C] PM�R [�C] PR�A [�C] HM�A [J/g]

F = 63 J/mm3 12 - 89 - 4.4 15.0 13

F = 160 J/mm3 11 - 72 - 0.5 15.0 15.9

Table 4 EDS analysis of the NiTi-built samples manufactured with

different energy density values

Fluence, F [J/mm3] Ti [at%] Ni [at%]

63 J/mm3 49.0 ± 0.3 51.0 ± 0.3

160 J/mm3 49.2 ± 0.3 50.8 ± 0.3

300 J/mm3 49.6 ± 0.3 50.4 ± 0.2
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plastic deformation, the recovered deformation by using

higher fluence keeps increasing linearly.

Effect of Low-Temperature Heat Treatment

on Functional Properties

A loading/unloading test was also performed on the sample

produced with low- and high-fluence values after heat

treatment, as shown in Fig. 11. It may be appreciated that

the mechanical response changed, giving rise to the well-

known flag-like behavior, with evident formation of

reversible stress-induced martensite plateau, with loading/

unloading mechanical hysteresis of about 200 MPa at 3%

in strain and a complete compressive superelastic effect,

with recovery strain of 6% at room temperature. For higher

fluence, a reduction of the stress values can be correlated to

major texture in [100] direction that it would create a larger

bias than other orientation and the transformation is

favored [41].

Conclusions

Selective Laser Melting confirmed to be a suitable AM

technology for producing NiTi. The process parameters

need to be properly adjusted to reach high-density material:

Fig. 7 Results of EBSD analyses performed on the xy section of NiTi samples manufactured with F = 63 J/mm3 (a-b-c) and F = 160 J/mm3 (d-

e-f). OIM (a, d) and IPF (b, e) according to Building Direction (normal to the section), (110) Pole Figures (c, f)
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it was found that for laser fluence of about 160 W/mm3 a

density of 99.9% is reached.

Porosity of the material is strongly affected by laser

fluence and for each AMed part a compromise between the

irregular defects due to lack of fusion and the gas entrap-

ment spherical pore needs to be reached. Anyways,

homogeneous distribution of defects was found in the

entire volume of the SLMed parts. The upper surface

morphology, correlated to the roughness of the part, can be

modified by changing the fluence. A limited Ni evapora-

tion, proportional to the laser fluence, was indirectly

observed with DSC analysis, correlated to EDS measure-

ments. Depending on the selected process parameters,

SLMed NiTi can show a (100) preferred out of plane ori-

entation along the building direction, while on xz section,

the grains exhibit a partial epitaxial grown. The SLMed

parts, in as-built condition, are characterized by a rapid

solidification microstructure suitable for promoting a

complete superelasticity that can be triggered by a low-

temperature annealing.

Fig. 8 Results of EBSD analyses performed on the xz section of NiTi samples manufactured with F = 63 J/mm3 (a-b-c) and F = 160 J/mm3 (d-

e-f). OIM (a, d) and IPF (b, e) according to Building Direction (vertical in the section), (100) Pole Figures (c, f)
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Fig. 9 EBSD analyses, carried out at increasing magnifications, on

the xy surface of the NiTi sample produced with F = 160 J/mm3 (a, b,

c): pattern quality maps, (d, e, f) OIM according to building direction.

b–e and c–f: highe- magnification analyses of the areas in black boxes

on figures a–d and b–e, respectively

Fig. 10 Compressive response during cycling of NiTi as-built samples manufactured with different energy density values: F = 63 J/mm3 (a);

F = 160 J/mm3 (b); and recoverable strain (c)
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