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Abstract: In this study, for the first time, the application of plasma electrolytic polishing (PEP) of
porous Nitinol structures, mimicking a trabecular bone structure, that were additively manufactured,
is reported. The cube-shaped samples were polished in a diagonal position three different times. The
effect of PEP was evaluated in terms of the polishing depth, the effect on sample chemical composition
and a possible shift of the phase transition temperature using microscopy, the energy dispersive X-ray
spectroscopy (EDX), and the differential scanning calorimetry (DSC) techniques, respectively. The
obtained results demonstrated that the PEP technique is suitable for polishing porous structures up
to a certain depth into the sample inner structure and does not have any influence on the chemical
composition and the phase transformation temperatures. However, small changes in the specific
enthalpy were observable among the investigated samples. These changes could be attributed to the
sample chemical inhomogeneity, measurement error, and/or differences in sample size and shape.

Keywords: Nitinol; additive manufacturing; plasma electrolytic polishing; phase change;
porous structures

1. Introduction

The intermetallic NiTi compound, also known as Nitinol due to its commercial avail-
ability, mechanical durability and reliable functionality [1,2], is used for the manufacturing
of products such as bone, dental, and/or (non)vascular implants/stents [3-5], solid-state
regenerators for elastocaloric cooling [2,6,7], and actuators and sensors [8]. However,
mainly due to the high reactivity of titanium, Nitinol is difficult to process [9], resulting in
high tool wear and long machining times using conventional manufacturing methods [10].
To overcome this challenge, an additive manufacturing (AM) processes for fabricating
Nitinol was established [8,11-15], after which the shape memory effect of Nitinol could be
successfully recovered [16]. However, an important issue limiting the applicability of the
additive manufactured Nitinol, and other metallic parts as well, is the low surface quality.
As-built AM parts usually contain partly molten particles on their surface [17-19], result-
ing in tremendously increased surface roughness, which compromises their mechanical
integrity [5] and/or hinders the cell adherence to an implant of a bone [20]. In addition, it
was experimentally demonstrated that the quality of the surface finish of Nitinol parts has
a tremendous effect on the operational life of the parts [21]. Furthermore, due to the high
reactivity of titanium and a low evaporation temperature of nickel, various precipitates are
formed during the AM process, resulting in shifts in the phase transformation temperature
of final Nitinol products [11-13,17,22]. Nitinol is also sensitive to thermal treatments or
changes in its chemical composition as it affects its phase transformation behaviour [23].
Any shift of the phase transformation temperature could cause operation failure of the
Nitinol part as it might not “respond” at the set operational conditions. Moreover, it was

Plasma 2022, 5, 555-568. https:/ /doi.org/10.3390/plasma5040039

https:/ /www.mdpi.com/journal /plasma


https://doi.org/10.3390/plasma5040039
https://doi.org/10.3390/plasma5040039
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/plasma
https://www.mdpi.com
https://orcid.org/0000-0002-9830-2060
https://orcid.org/0000-0002-2390-9159
https://orcid.org/0000-0003-0800-9678
https://doi.org/10.3390/plasma5040039
https://www.mdpi.com/journal/plasma
https://www.mdpi.com/article/10.3390/plasma5040039?type=check_update&version=1

Plasma 2022, 5

556

experimentally demonstrated that by using electro-discharge machining to fabricate Nitinol
goods, so-called heat-affected zones are developed [24]. In these zones, material mechanical
and functional properties differ from those of the rest of the material, compromising the
service life of the produced parts. Therefore, it is very important to develop a process chain
for manufacturing Nitinol goods that that are fully mechanically and functionally stable
and have application-relevant properties.

To improve the surface integrity of AM parts, an effective post-treatment of such
parts is inevitable. While a large number of post-treatment techniques is available, not
all of them are equally suitable for polishing complex AM geometries, such as the porous
structures investigated in this study. Moreover, a number of these conventional post-
treatment technologies, such as particle blasting and electrochemical polishing (EP) cause
serious environmental problems. For example, sand blasting creates large amounts of
dust [25] and EP uses strong, hazardous and highly toxic acid, i.e., perchloric, hydrofluoric
and nitric acids, that cannot be properly recycled [5,26-29]. However, a study on additively
manufactured Nitinol bone fixation plates that were electrochemically polished in two
different concentrations of hydrofluoric and nitric acids was reported in Ref. [14]. The
study reported efficient removal of partly molten particles form the surface of the samples
and the highest consistency with the CAD data after two min of EP process. However,
longer treatment caused dissolution of some geometrical features.

Another way of polishing porous Nitinol structures is mechanical polishing. However,
such structures are polished as separate units and are assembled into a single structure later
on [2,21]. Naturally, such a polishing method is not applicable on additively manufactured
porous structures produced as a single unit.

In this study, a highly time-efficient post-processing technique that is well suited for
complex geometries and uses more environmentally friendly electrolytes [29-34] compared
to the conventional EP technology, known as plasma electrolytic polishing (PEP) was
investigated. There are two types of PEP processes—the bath-PEP, shown in Figure 1,
and the jet-PEP [35-37]. The main difference between them is that during the bath-PEP
process, the part (7) is immersed into an electrolyte (6) tank (9), while during the jet-PEP,
an electrolyte jet is selectively applied on the part’s surface through a nozzle moving over
the part.
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Figure 1. A principal scheme of a bath-PEP setup adapted with permission from Ref. [31].

From Figure 1, one can see that part (7) is connected and acting as an anode (2) and is
immersed into electrolyte (6) tank (9), which is connected and acting as a cathode (4). Note
that only electrically conductive metal parts can be post-processed using PEP. To achieve a
stable PEP process, electrolyte (6), which is a material-specific low-concentration weak salt
water-based low-viscosity fluid [30], is heated above ®,; = 50 °C [27,33]. Then the direct
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voltage, U, in between 180 V and 400 V is applied [32] generating a highly conductive
plasma (8) and water vapour envelope (5) around part (7). This allows the electric discharge
to take place between the highest surface peak of the part and the electrolyte resulting in a
smoother and sterilized surface with optically improved gloss. The duration of the PEP
process depends on the initial surface quality of the part and can take upwards from a few
seconds to half an hour. It is believed that PEP is a predominantly electrochemical process
during which a metal dissolution reaction providing surface smoothening is preferred over
the anodic water electrolysis reaction [38]. It must be emphasized that during the PEP
process a less energetically intensive process, i.e., metal dissolution, takes place. More
elaborated theories on the PEP mechanism can be found in Refs. [33,38]. Furthermore,
the PEP process is in a way self-regulating, by inducing the discharge where the distance
between the part surface and the electrolyte is the shortest, i.e., between the highest peaks
and the electrolyte.

Until now, PEP was successfully applied for polishing conventional materials such
as stainless steel, titanium and copper [30,31,39]. Attempts to apply the PEP technique on
bulk Nitinol samples produced out of a cold drawn wire and/or a cold rolled Nitinol sheet
as well as additively manufactured samples, have been made [8,32]. In both studies, the
mechanical and functional properties of the analysed samples were investigated using dif-
ferential scanning calorimetry (DSC) and cyclical mechanical loading. While no significant
changes in mechanical and functional properties of the bulk Nitinol after the PEP process
were observed [32], additive manufactured samples showed some dramatic differences in
their mechanical properties as well as the phase transformation temperatures compared to
the reference samples produced out of the bulk Nitinol [8]. However, the observed changes
could have been caused by chemical inhomogeneity of the samples, which could have been
caused by the AM process as described above.

There is a gap in the literature regarding experimental results obtained on porous
structures, manufactured out of any metallic alloy, and polished using PEP. To the best of
the authors” knowledge, no studies have been reported on PEP applied on porous structures
produced out of Nitinol or other materials. This could be partly attributed to the relative
novelty of the technique. However, the main reason is the limitation of the PEP process
itself. A conventional bath-PEP process is not suitable for polishing the mesh-like structures
due to the Faraday’s cage effect. Furthermore, polishing of inner surfaces and small cavities
is one of the current limitations of the PEP process. However, these limitations can be
partly overcame by inducing targeted electrolyte streams as reported in Ref. [19]. Another
approach to push the limits of the PEP process was demonstrated by adapting the PEP
process for polishing inner surfaces of medium-carrying pipes [40,41]. However, small
cavities, like those in porous structures investigated in this study, remain challenging.
Therefore, this study, which is the first to report experimental results obtained on plasma
electrolytic polishing of porous structures, aims to fill in the existing literature gap and
provide preliminary guidance on post-treatment of complex and/or porous structures
using an effective and efficient polishing technique.

Another limitation of the bath-PEP process is the maximum size of a treated part. Since
the amount of current drawn by the PEP process is directly proportional to the surface
area of a part and is limited by the process energy source (1), its capacity determines the
maximum surface area of a part to be processed.

Taking into the consideration the potential of the applicability of porous Nitinol
structure in medical and other engineering fields, and the existing limitations of the PEP
process and the AM process chain of Nitinol goods, this study aimed to fill in the existing
knowledge gap on suitability of PEP for polishing porous AM structures fabricated out
of Nitinol. Therefore, the current study was designed so that the depth of the polishing
effect using PEP treatment on porous Nitinol structures with branch diameter, d, of 300 pm
was investigated. For this purpose, a Nitinol structure with a porosity of 50% was additive
manufactured using the laser beam melting (LBM) technique.
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As discussed above, the chemical composition of Nitinol parts determines their func-
tionality and also the applicability in medical engineering field [14] as there are strict
requirements for the surface chemical composition of the bone implants. Therefore, the
part was analysed before and after the PEP treatment using EDX technique paying extra
attention to the possible surface contamination with adsorbents that could adhere to the
sample surface during the PEP process. Finally, DSC was used to quantitatively determine
any shift in the phase transformation temperatures of the samples due to the possible side
effects of the PEP process. One can argue that the Brunauer, Emmett and Teller (BET)
theory should be applied in this study for determining the effectiveness of the PEP process
on the porous Nitinol structures. This method is a commonly used for determining the
sample specific surface area based on the gas adsorption technique. However, owing
to the limitations of PEP to polish inner cavities, as described above, it is expected that
any changes in a specific surface area of the analysed samples using the BET technique
could not be confidently discriminated from the measurement inaccuracies. Therefore, this
technique was not used in the present study.

2. Nitinol Samples and Experimental Methodology
2.1. Nitinol Samples

Four Nitinol cubes in the size of, 20 mm x 20 mm x 20 mm with a porosity of 50%
having the branch diameter, d, of 300 pm were additively manufactured using the laser
beam melting technology (LBM) and the parameters are given in Table 1. The commercially
available Nitinol powder with the chemical composition of Nisg gTisg 7 in at.% was used for
producing the samples. Note that the samples for this study were purchased.

Table 1. The LBM process parameters for producing the porous Nitinol structures.

Parameter Value
Machine EOS M290

Hatch Spacing, h 70 pm

Laser power, P 100 W
Laser speed, v 620 mm/s

Layer thickness, 40 pm
Particle size distribution 1645 um

Aiming to develop a process chain for efficiently manufacturing and post-processing
medical implants, the designed sample structures replicate the inner structure of a tra-
becular bone [42]. Figure 2 presents the characteristic sample investigated in this study.
Figure 3 shows the micrograph obtained on the top, respectively, to the building direction
of a characteristic sample.
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Figure 2. An additive manufactured characteristic Nitinol samples used in this study.
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Figure 3. A micrograph of a characteristic sample.

2.2. Plasma Electrolytic Polishing

A bath-PEP process as schematically depicted in Figure 1 was used in this study. The
Nitinol cubes one-by-one were polished by submerging them diagonally into the electrolyte
for half of the polishing time, i.e., experiment 1, and then rotating them by 180°, submerging
them again into the electrolyte and polishing for the rest half of the time, i.e., experiment
2, as indicated in Table 2. The used electrolyte was a Nitinol-specific weak-salt-water-
based solution with the pH value of around 4.3. Note that the process parameters, such
as electrolyte temperature, Ostart, Were selected based on obtained previous experimental
experience on polishing bulk Nitinol samples. The used process energy source does not
permit adjustments in applied voltage. Thus, the only possible setting was used.

Table 2. The PEP process parameters for polishing the porous Nitinol structures with the temperature
recorded at the start and at the end of the process and the current recorded at the start and in the
middle of the process.

Electrolyte

. o C t, I, A Electric Mass Mass .
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To maintain the electrolyte temperature as stable as possible during the process, an
active cooling system was used. Since, generally, cooling/heating systems are rather inert,
it was turned on after 1 min of the PEP process start and turned off after the electrolyte was
cooled down to 1 °C above the electrolyte start temperature, Ostare. This cooling system
consists of a plastic heat exchanger coil placed into the process tank, a pump and a heat
sink that is, thermodynamically speaking, infinitely large compared to the volume of the
process tank. Note that plastic heat exchanger coil is used so that the electric circuit of the
PEP process would not be breached. Cold water was used as a cooling agent.

The applied current,, I, values were read from an analogue Socomec amperemeter with
5 A resolution, thus small fluctuations of the applied current that occurred due to changes
in the surface area of the samples caused by the PEP process could not be precisely read.
However, the fluctuations in applied current directly affected the voltage readings, which
were taken from a digital Meterman HD160B multimeter with an accuracy of +0.25% rdg.
It must be also mentioned that the process current depends on the electrolyte temperature
and its properties, e.g., electric conductivity etc. The electric charge, Q, given in Table 2,
was measured using AZ 2000 ampere hour counter with accuracy of 0.1%. The temperature
was measured using testo 108 thermometer, which accuracy is £0.5 °C £0.5% of measured



Plasma 2022, 5

560

value. The mass of the samples was measured by KERN 572 balance with the precision
of 0.001 g.

After the PEP process, samples were rinsed in distilled water to remove the residuals
of the electrolyte, then dried using compressed air and left for 12 h to air dry completely.
Then, the further measurements were conducted.

2.3. Energy Dispersive X-ray Spectroscopy

The EDX measurements were carried out on Sample 1, Sample 2, Sample 3 and on the
as-built sample. The specimens for EDX measurements were specially polished to establish
a flat plane, enabling reliable measurement results. Note that EDX measurements were
conducted on the outer sample surface, which was treated using PEP. The EDX analysis of
the deeper sample layers was not carried out. This is due to the assumption that in the case
that PEP had an effect on a treated sample chemical composition, these effects would be
the most pronounced at the sample areas that were the most exposed to the PEP process,
i.e., the sample surface. The measurements were conducted using a scanning electron
microscope LEO 1455VP equipped with EDX PV7715/81-ME. The specimen topography
was analysed using the microscope NEON 40EsB equipped with EDX ELECT PLUS.

2.4. Differential Scanning Calorimetry

For the DSC measurements specimens of Sample 1, Sample 2 and as-built sample
were used. The specimens for the DSC tests were cut out of the corners of each sample.
These specimens had the diameter of 5 mm and height of 2 mm. Then each specimen was
etched for 1 min in 3.2% HF, 14% HNOj3; and 82.8% distilled water in order to remove
the oxide layer on the samples. The etched samples were cleaned in an ultrasonic bath
filled with acetone and then placed in air-tight containers with a substance prohibiting the
development of the oxide layer. The DSC measurements were conducted using a Toledo
DSC 1 apparatus at the ramping rate of 10 K/min. The measurement procedure started by
cooling the samples down to —110 °C and holding the temperature for 20 min, then the
samples were warmed up at the selected temperature ramping rate up to 110 °C and held
at that temperature for another 20 min. Then, analogously, the measurements by cooling
down the samples were carried out.

3. Results and Discussion
3.1. The Depth of the PEP

As mentioned above, one of the limitations of the PEP process is the possibility to
polish inner cavities. Using porous samples, it was possible to investigate the depth of the
PEP effect. The specimens for obtaining the micrographs shown in Figures 4 and 5 were
cut off using Secotom-60 precision machine. Each specimen was 3 mm in thickness cut off
in a building direction as well as direction perpendicular to it.

The micrographs in Figure 4 show how the duration of the PEP process affects the
contours of the branch of the porous structures. One can see that the specimens cut from the
as-received sample have partly molten particles attached to their surface and the contours
of the branches have more sharp edges compared to the polished specimens. The roundness
of the contours increases with the increase of the polishing time. The partly molten particles
still could be observed after the specimens were polished for 2 min and 4 min. However, no
partly molten particles could be observed for specimen polished for 8 min. It is interesting
to note that even for Sample 2, the partly molten particles could be observed only in the
direction perpendicular to the building direction. This could have been caused by multiple
reasons. First, the duration of 2 min of the PEP time is not sufficient to remove the partly
molten particles from the surface of the analysed samples. Second, the local geometrical
constrains, like narrow passages, enclosed surfaces etc., could have prevented the effective
removal of partly molten particles from these surfaces.
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Figure 4. A micrograph of: (a) an as-received sample obtained in (1) a building direction and
(2) perpendicular to the building direction; (b) Sample 1; (c) Sample 2; and (d) Sample 3.
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Figure 5. The micrographs obtained on Sample 3: (a) in a building direction; and (b) in a perpendicu-
lar to building direction. Note that the distance of the cut was 3 mm from the sample edges.

Another interesting observation is that the roundness of the branch contours was
increased more in the building direction compared to the direction perpendicular to
it. This might be due to the differences in the surface quality of the samples in as-
received conditions. Note that all samples were polished by orienting them in exactly the
same manner.
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Figure 5 shows micrographs obtained for Sample 3, which was polished for 8 min
in total. For an easier orientation, sample surfaces that were directly exposed to the PEP
process, i.e., outer sample surface, are marked “PEP surface”. By analysing the evolution of
the changes in surface appearance with the PEP time shown in Figure 4, from Figure 5 one
can estimate an approximate depth of PEP, evaluated perpendicular to the “PEP surface”,
to be around 1 mm for this specific sample. However, this is a very subjective observation,
which cannot be extended to other porous samples outside this study as the depth of the
PEP effect depends on the pathway, which is free for the motion of the electrolyte stream.
It is also noticeable that some polished areas could be seen deeper into the specimens.
However, these areas occur only if a sufficiently large pathway for the electrolyte to flow
occurs that has no significant obstacles, e.g., other branches of the structure. Furthermore,
feature surfaces facing the inside of the structure, as highlighted with red circles in Figure 5,
remained not polished even within the “effective” polishing depth. This is because the gas
forming during the PEP process are not efficiently removed from these locations preventing
the surface and electrolyte contact and thus hindering the local polishing process.

Finally, the depth of the PEP treatment does not depend on the building direction of
the sample, as it is seen from Figure 5. Still, it does depend on the sample orientation inside
the process tank and could be manipulated by artificially creating the electrolyte flow by
applying an electrolyte nozzle system, which would create an electrolyte stream directed to
the sample surface as described in Ref. [19]. One should remember that even during the
bath-PEP process, electrolyte is moving due to the convective forces causing the removal of
the formed gas around the part, thus enabling the electric discharge. Therefore, if the part
is oriented so that these convective forces are disturbed, the possibility of obtaining uneven
polishing results increases.

3.2. Energy Dispersive X-ray Spectroscopy

Figure 6 presents the results obtained from the EDX measurements on the as-built
sample, Sample 1, Sample 2 and Sample 3. The data on the atomic percentage of the raw
powder were obtained from the powder manufacturer and were not repeated in this study.
One can see that the chemical composition of the manufactured structures is mostly affected
by the LBM process, while the PEP process, despite its duration, does not seem to have any
influence on the chemical composition of the samples. As it is explained in the Introduction
section, titanium is highly reactive and tends to form oxides and various precipitates
during the manufacturing process, while due to the low evaporation temperature nickel
evaporates to the process chamber [11-13,17,22]. Thus, from Figure 6, one can observe
such a significant decrease of nickel in manufactured samples, which effectively increase
the content of titanium in the alloy. It is worth mentioning that when not sufficiently
adapted electrolytes are used during the PEP process, selective polishing effect might occur
as described in Ref. [43]. By carefully analysing Figure 6, it could be concluded that the
electrolyte used in this study is properly adapted for polishing Nitinol and no selective
material removal has occurred. It is important to emphasised that the minor deviation
in both atomic as well as weight percentages of the as-received, and polished, samples is
within the accuracy of the EDX measurement procedure. Therefore, it can be concluded
that PEP does not have any effect on the chemical composition of the analysed samples.
Moreover, no adsorbents were found on the sample surface after the PEP treatment.

From Figure 6a, it is clear that the necessity for further optimization of the chemical
composition of the raw Nitinol powder used for the AM processes and/or their parameters
to improve the quality of the final parts exists. As was explained above, any deviation from
the specific chemical composition of the Nitinol part could lead to its operational failure
due to the caused shifts in the phase transition temperature.
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Figure 6. The results of EDX measurements on the as-built sample, Sample 1, Sample 2 and Sample
3, presented in: (a) atomic percentage; and (b) weight percentage. Note that the values for the raw
powder were obtained from the manufacturer.

3.3. Differential Scanning Calorimetry

Figure 7 presents the DSC results obtained on Sample 1, Sample 2 and the sample in
as-built condition. By comparing the results obtained on the as-built sample and the PEP-
treated samples, one can see that the temperature range, where the phase transformation
takes place, is not affected by the PEP process. Yet, peaks of the DSC signal of the treated
samples are smaller compared to the as-built sample, emphasizing the decrease in the
specific enthalpy of the polished samples. The specific enthalpy of the as-built sample,
Sample 1 and Sample 2 are 14.3 J/g, 5.1 ]/g and 7.6 J/g, respectively, obtained during
the cooling phase, and —14.7 J /g, —4.6 J/g and —9.3 ]/ g, respectively, obtained during
the heating phase. From the comparison of the specific enthalpy results obtained on the
polished samples, one can note that the duration of the PEP process does not influence
the changes in the specific enthalpy as drastically as comparing the results obtained on
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the as-built sample and a polished sample. Experimental investigation on the effects
of the enthalpy changes in additively manufactured and PEP treated samples on their
functionality has not yet been reported in the literature or conducted in this study. However,
the obtained DSC results imply that the LBM and PEP processes are causing some, not
yet understood, changes in the material microstructure that lead to the enthalpy reduction
of the final parts. While this might not cause any performance issues for Nitinol parts in
a shape memory phase, it could be a crucial drawback for superelastic Nitinol parts that
are used for energy engineering applications such as elastocaloric cooling [7]. To finalise
this hypothesis, an experimental study focusing on the thermal performance of Nitinol
regenerators that were polished using various techniques, must be conducted.
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Figure 7. The results of the DSC measurements of the Sample 2.

It is worth emphasizing that no such changes in the specific enthalpy of bulk samples
that were treated using PEP were observed in Ref. [32]. Thus, these differences can be
also attributed to the chemical inhomogeneity of the additive manufactured samples,
which is known to be cause by the AM process as explained above. Another plausible
explanation could be the variation in contact surface between the test crucible and each
sample. The specimens for the DSC measurements were cut out of porous samples. They
had approximately the same volume and mass, m, of 89.6 mg, 79.1 mg and 79.6 mg as the
as-built sample, Sample 1 and Sample 2, respectively. However, the contact surface between
the test crucible and each specimen, which could affect the accuracy of the measurements,
was not measured. Therefore, to eliminate at least the later possibility, for further DSC
analysis of additive manufactured Nitinol samples that were PEP treated, non-porous
specimens should be used.

4. Conclusions

Porous Nitinol structures, designed for medical application, were additively manufac-
tured and plasma-electrolytic polished. The samples with the branch diameter of 300 pm
and the porosity of 50% manufactured using the LBM technique and then PEP-treated
for three different process times. It was demonstrated that the superficial polishing effect
of porous Nitinol structures can be successfully achieved by applying the PEP technique.
However, the inner structures, after a certain sample depth is reached, remained unpolished
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due to the technical limitations of an existing bath-PEP technology. It was also shown that
the depth as well as the quality of the PEP treatment for porous structures depends on the
sample orientation during the process and the electrolyte flow conditions, i.e., obstacles
existing in the free pathway of the electrolyte flow, but does not depend on the sample
building direction during the AM process. To achieve a deeper polishing effect of porous
structures, a nozzle system could be applied for inducing the electrolyte flow. However, one
must keep in mind that there is a pore size limit at which the PEP process in not physically
possible due to the Faraday’s cage effect and difficulties in removing the formed gas. It
must be also mentioned that the inner structure of the analysed samples was randomly
organised, which could have a higher negative impact on the electrolyte flow dynamic
compared to porous samples with organised inner structures. However, the investigation
of the suitability of PEP with and without the adapted nozzle system on samples with
organised inner structures is in the scope of future studies.

The effects on chemical composition, a shift of the phase transformation temperature
caused by PEP were analysed. It was concluded that in this process chain, the biggest
impact on the chemical composition of the final sample is caused by the LBM process,
while the PEP step does not cause any measurable changes to additively manufactured
samples. Therefore, more research efforts should be made on developing Nitinol powder
adapted for additive manufacturing processes, so that the final product will have specific
application-driven properties.

Finally, the DSC analysis showed that the phase transformation of the as-received, and
the PEP-treated, samples occurs at the same temperature range, indicating that PEP does
not induce undesirable shifts. A reduction in the specific enthalpy of the polished samples
could be observed, which could have been caused by the chemical inhomogeneity among
the tested specimens and/or significant differences in the contact surface area between the
test crucible and each specimen.

Further research on PEP treating porous structures focus on optimizing the elec-
trolyte flow conditions for achieving higher depth of the PEP affected area within the
samples. A more comprehensive understanding of the possible effects of the PEP treat-
ment on the functionality of Nitinol parts will be conducted on additive manufactured
non-porous samples.

5. Limitations of This Study
This study was conducted acknowledging the following experimental limitations:

1. Due to the construction of the test set-up, the maintenance of constant electrolyte
temperature during the PEP process was not possible;

2. Due to the resolution of the built-in ampermeter, no precise readings of the resulting
process current could be obtained;

3. Due to the nature of the samples chosen for this study, no qualitative surface roughness
measurement could be conducted.
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