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Influence of microstructure and surface topography on material removal by the 
Hirtisation® process
Rasmus Gunnereka, Gowtham Soundarapandiyana, Michael Christoph Dopplerb, Eduard Hryhaa and 
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aIndustrial and Materials Sciences, Chalmers University of Technology, Gothenburg, Sweden; bRENA Technologies Austria GmbH, Wiener 
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ABSTRACT  
The Hirtisation® process is an electro-chemical process, wherein the electrolyte can easily access both 
external and internal surfaces. The process shows promising results in both support structure removal 
and reduction of surface roughness, and has the potential to solve the productivity and quality trade- 
off in powder bed fusion – laser beam (PBF-LB) processing. In this study, the role of the microstructure 
and surface topography on the capability of the Hirtisation® process to lower the PBF-LB produced 
surface roughness, has been investigated. A detailed microstructure analysis by SEM was used to 
determine the effect of the Hirtisation® process on removal of sintered powder, the effects on melt 
pool boundaries and grain boundaries, and thus the final surface quality. The Hirtisation® process 
significantly reduced surface roughness thanks to the complete removal of sintering powder from 
the as-built surface. Additionally, preferential material removal was detected along melt pool 
boundaries, leading to creation of notches of up to 10 µm in depth.
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Introduction

Powder bed fusion – laser beam (PBF-LB) is the most popular 
powder-based metal additive manufacturing technology that 
enables the production of complex geometries that are either 
too expensive or not possible using conventional manufactur
ing processes such as turning or milling, etc. Design freedom 
has become interesting for applications in aerospace, energy 
and automotive industries. This is due to the almost unlimited 
design freedom that allows us to decrease components 
weight and functionality and hence improve overall perform
ance.1 However, the process is associated with relatively high 
surface roughness (Ra ∼3–50 µm) in as-built state,2 which 
requires surface improvement, especially for applications with 
high dynamic properties.3 The tendency for crack formation 
under fatigue loading increases with increasing surface rough
ness and thus shortens the service life.2 Hence, post processing 
is usually required to enhance the surface integrity.

During the PBF-LB process, metal powder is selectively 
melted and solidified under highly dynamic conditions by a 
fine laser where powder particles surrounding the solidified 
part can adhere to the surface of the component, generating 
unique surface topography.4 Since the metal powder has a 
lower thermal conductivity than the solidified part, geometry 
changes along the build direction alter the heat dissipation 
through the part, which can lead to differences in microstruc
ture5,6 and surface topography.7 The surface morphology of 
the solidified melt tracks is highly sensitive to variations in 
key printing parameters. Instabilities, such as those induced 
by the Plateau-Rayleigh instability and the Marangoni 
effect, can result in different concentrations of defects and 
fluctuations in surface waviness.8 These instabilities manifest 
as balling, humps and laser ripples on the melt tracks and 
thus the final surface topography.

There are several post processing methods available today 
such as machining, shot-peening, sand blasting and chemical 
milling.7 However, these processes have limitations when it 
comes to complex geometries. Internal structures require 
expensive special tools or are not accessible. Different strat
egies have been applied to reduce surface roughness 
where one aspect focuses on the impact of process par
ameters on the surface roughness during PBF-LB, such as 
changing the scan rotation and applying a contour, etc.9. 
Others are investigating new post-processes with the possi
bility of satisfying the demands of complex AM parts.7 The 
relatively novel Hirtisation® process is a chemical and electro
chemical process specifically designed for the needs of PBF- 
LB and other additive manufacturing (AM) processes, where 
the electrolyte can easily access both external and internal 
surfaces. The process has shown promising results in both 
support structure removal and surface enhancement.

Despite its potential, research on the Hirtisation® process 
remains limited, both in terms of materials and additive man
ufacturing (AM) processes explored. Sandell et al. observed 
that the surface roughness of Ti6Al4V produced via powder 
bed fusion – electron beam (PBF-EB) was significantly 
reduced from approximately 20 µm to 5 µm Sa after Hirtisa
tion®.10 They also highlighted the importance of controlling 
the amount of material removal to avoid eliminating essential 
surface contours or exposing sub-surface porosity. Control
ling material removal was also highlighted in a study on Hir
tisation® of AlSi10Mg by Beevers et al.11. They found that the 
coarsening of surface/subsurface grains during annealing 
needed full removal to improve fatigue life. Berglund et al. 
conducted a comprehensive study on the surface topography 
of Ti6Al4V before and after Hirtisation®. Their findings 
revealed that surface roughness (Sa) could be reduced by 

© 2024 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited. The terms on which this article has been published allow the posting of the Accepted Manu
script in a repository by the author(s) or with their consent. 

CONTACT  Rasmus Gunnerek rasmus.gunnerek@chalmers.se Industrial and Materials Sciences, Chalmers University of Technology, Gothenburg, Sweden

TRANSACTIONS OF THE IMF 
https://doi.org/10.1080/00202967.2024.2411903

http://crossmark.crossref.org/dialog/?doi=10.1080/00202967.2024.2411903&domain=pdf&date_stamp=2024-10-22
http://orcid.org/0000-0002-8945-3799
http://creativecommons.org/licenses/by/4.0/
mailto:rasmus.gunnerek@chalmers.se
http://www.materialsfinishing.org/
http://www.tandfonline.com


78%, mainly due to the reduction of deep valleys and the 
smoothing of peaks.12

Further demonstrating the process feasibility, Oosterbeek 
et al.13 showed that Hirtisation® effectively reduced variations 
in lattice structure thickness for PBF-LB produced Ti6Al4V, 
decreasing roughness from 12 to 6 µm (Sa) and improved 
fatigue performance by removing sintered powder from the 
lattice surface. Interestingly, few studies on Hirtisation® and 
316L stainless steel which is one of the most studied alloys 
for PBF-LB, have been performed. Que et al. compared the 
impact of various surface treatments and heat treatments on 
stress corrosion cracking behaviour where Hirtisation®, shot 
peening and polishing were compared. They found that the 
Hirtisation® process of solution annealed 316L stainless steel 
revealed the grain boundaries at the surface.14

While these studies present encouraging results in rough
ness reduction for AM-produced surfaces, they did not inves
tigate in detail the influence of microstructural features at the 
surface. These features are expected to significantly impact 
the chemical or electrochemical material removal processes 
during Hirtisation®. PBF-LB is a complex process where 
slight variations in scanning strategy, component design 
and process parameters can yield significant differences in 
as-built microstructure and surface features even for the 
same machine. It is therefore important to understand how 
novel post processes such as the Hirtisation® interacts with 
PBF-LB surfaces and microstructure.

The aim of this work was to show how surface topography 
and microstructure influence the material removal by Hirtisa
tion® of 316L stainless steel. Therefore, distinct differences in 
surface microstructure were generated by altering the scan 
strategy from a reference condition using standard process 
parameters as described in more detail in the next section. 
A state-of-the-art scan rotation of 67° without contour par
ameter was compared to conditions of 0° scan rotation as it 
yields significant differences in surface microstructure.15

Materials and methods

Powder feedstock and sample manufacturing

Gas atomised 316L stainless steel powder was supplied by 
Höganäs AB with a powder size distribution of 20–53 µm 
and chemical composition summarised in Table 1.

To investigate the influence of microstructure on material 
removal during the Hirtisation® process, state-of-the-art 67° 
rotation was compared to 0° scan rotation. Hence, cubes of 
15 × 15 × 15 mm3 were manufactured in an EOS M290 appar
atus using standard parameters for 40 µm layer thickness by 
EOS GmbH (316L_040_FlexM291_1.00) with a 67° scan 
rotation. A second set of cubes based on the standard par
ameters was produced, but without applying scan rotation. 
As illustrated in Figure 1(a), the 0° scan rotation creates a 
more anisotropic microstructure.

Hirtisation®

The samples were subjected to Hirtisation® post processing, a 
combination of both chemical and electrochemical processes 

by RENA Technologies Austria.16 The Hirtisation® process is 
precisely tailored to the specific requirements of different 
alloy systems in terms of chemistry and the number of 
steps required. The general workflow of Hirtisation® is pre
sented in Figure 1(b).

Surface characterisation

As-built samples were removed from the build plate by elec
tric discharge machining and surface topography measure
ments were done before and after Hirtisation®. Selected 
areas of 2188 × 1645 µm were studied using Sensofar S neox
optical profilometer suitable for characterisation of AM sur
faces.17 Specific surface texture parameters were chosen 
and compared (Sa, Sz, Str, Sdr and Spd) in accordance with 
the ISO 25178-2 standard.18

Microstructural characterisation

To study the influence of microstructure on material removal 
by the Hirtisation® process, samples were electrochemically 
etched in 10% oxalic acid to reveal features such as melt 
pool and grain boundaries. The characterisation of the part 
surface and microstructure before and after Hirtisation® was 
performed by combining light microscopy (LOM) and scan
ning electron microscopy (SEM) using a Zeiss Axioscope 7 
optical microscope and a Zeiss Gemini 450 field emission 
scanning electron microscope.

Results and discussion

Impact of scan rotation on the as-built surfaces

The scan rotation determines how the building blocks, i.e. 
melt pools and melt tracks, combine during the PBF-LB 
process and thus influence the final surface and microstruc
ture. To achieve a uniform surface and microstructure, the 
67° scan rotation is preferred as it maximises the number of 
layer rotations before scan vectors return to the initial 
position.

Figure 2 shows the as-built surface for the 67° scan 
rotation at different magnifications along the build direction 
(BD). The surface topography image in Figure 2(a) shows that 
the roughness is due to adhered powder particles. SEM 
images (Figure 2(b and c)) confirm the presence of sintered 
or semi sintered particles on the surface but also the typical 
waviness created by the melt pools.7 As can be seen, the par
ticles can be found at different depths, with some settled in 
valleys formed by overlapping melt pools or adhered to the 
melt pools outer surface generating peaks in the surface 
topography scan in Figure 2(a).

With the 0° scan rotation, shown in Figure 3, the scan 
vectors remain aligned between layers, forcing the start and 
end of melt tracks to occur along the same axis. This results 
in anisotropic surface topography as seen in Figure 1(a), 
where surfaces perpendicular to the scan vectors (BD-Y), 
differ significantly from the (BD-X) surface. This is reflected 
in the roughness measurements (Table 2) where the BD-Y 
cross-section (Figure 3(a)) revealed a higher Sa of ∼16 µm 
compared to the Sa of ∼13 µm of the BD-X cross-section 
(Figure 3(d)). The greater roughness of the BD-Y cross- 
section can be explained by the fact that more powder is 
adhered to the surface (Figure 3(b and c)) than on the BD-X 

Table 1. Powder chemical composition wt.%.

C Ni Cr Mo Mn Si O Fe

AISI 316L 0.028 12.6 16.9 2.5 1.5 0.7 0.056 Balance
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surface (Figure 3(e and f)). The 0° scan rotation does not only 
result in roughness differences but also in a clear anisotropy 
of the surface pattern. The stacking of melt pools (Figure 3(b)) 
generates valleys between overlapping melt pools, creating a 
pattern parallel to the build direction. The opposite is 
observed in Figure 3(d), where valleys created by the stacking 
of melt tracks show a surface pattern perpendicular to the 
build direction. Thus, clear anisotropic surface features with 
different roughness and surface patterns are present when 
using 0° scan rotation compared to 67° scan rotation. 

Therefore, the scan rotation sets different starting conditions 
for post processing applied to the as-built surfaces.

The surface topography values presented in Table 2 reflect 
the observed differences, with the arithmetic mean height 
(Sa) being higher for both investigated surfaces at a 67° 
scan rotation. Notably, the BD-X cross-section at a 0° scan 
rotation exhibits the largest deviation across all parameters 
in Table 2 when compared to the other measured surfaces. 
This cross-section recorded the lowest values for all par
ameters except for peak density (Spd), which represents the 

Figure 1. Schematic representation of the effect of (a) scan rotation on melt pool and melt tracks at 0° and 67° scan rotation. General workflow (b) for Hirtisation® 
with one active step. The part is contacted and immersed in the active medium, where material is removed over time. When the target condition is achieved, the 
part is rinsed and dried.

Figure 2. Surface topography of as-built surfaces using 67° scan rotation: (a) 3D surface image used for roughness measurements, and (b and c) SEM images taken 
at different magnifications showing surface features along the build direction.
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number of peaks per mm². As highlighted in Figure 3, less 
powder was observed on this cross-section, suggesting that 
the instrument might have difficulty detecting the smallest 
powder particles on the other cross-sections.

Effect of scan rotation on Hirtisation®

After the Hirtisation® process, 3D roughness measurements 
and SEM analyses showed a reduction in surface roughness 
from 20 to 7 µm Sa for the 67° scan rotation, see Table 3. 
Figure 4(a) reveals a decrease in peak density from ∼150 to 
19 peaks per mm2 compared to the as-built condition, with 
the presence of spherical features indicated by the blue 
colour. The SEM images in Figure 4(b and c) confirm the com
plete removal of powder particles that were attached to the 
surface. Melt pool boundaries and columnar grain boundaries 
are clearly etched during the Hirtisation® process.

The anisotropic surface pattern observed in the as-built 
sample remains after Hirtisation® of the sample with 0° scan 
rotation. Despite the reduction in roughness to approxi
mately Sa∼7 µm for the BD-Y cross-section, a more pro
nounced pattern emerges due to the powder removal 
between overlapping melt pools, resulting in a repeating 
pattern along the build direction (Figure 5(a)). This contrasts 
with the more randomly distributed spherical features seen in 
the sample with 67° scan rotation (Figure 4(a)). Analysis of the 
BD-X cross-section, which had the lowest roughness (Sa∼5 

µm) after Hirtisation®, shows that preferential etching of the 
melt track boundaries occurred, creating a fine pattern per
pendicular to the build direction. Compared to the sample 
with 67° scan rotation, the SEM images of the sample with 
0° scan rotation are free of visible traces of powder 
removal. This suggests that variations in as-built roughness 
and powder content within the same component can lead 
to significant differences in the surface pattern and features 
present after Hirtisation®.

These differences are further quantified in Table 3, where 
both the developed surface area (Sdr) and the texture 
aspect ratio (Str) are lower for the BD-X cross-section using 
the 0° scan rotation. Notably, all roughness parameters, 
including peaks per unit area (Spd), recorded their lowest 
values for the BD-X cross-section. This is likely due to the 
improved accuracy of the measurements, facilitated by the 
removal of hard-to-distinguish fine powder from the as- 
built surfaces.

Role of microstructure on Hirtisation®

In the previous section, it was shown that the as-built surfaces 
can lead to macroscopic features on the surface after Hirtisa
tion®. This section focuses on a deeper analysis of the surface 
microstructure before and after Hirtisation®. As described by 
Leicht et al.,6 the state-of-the-art scan rotation of 67°produces 
an isotropic/random microstructure, while the 0° rotation 

Figure 3. Surface topography of as-built surfaces using 0° scan rotation: (a) and (d) 3D surface image used for roughness measurements and (b), (c), (e), and (f) 
SEM images at different magnifications revealing surface features along the build direction.

Table 3. Surface roughness measurements after Hirtisation®.

Condition Cross-section Sa(µm) Sz(µm) Sdr (%) Str Spd(1 mm−2)

Hirtisation®-67° BD-Y 7.0 76.0 4.7 0.63 17.5
Hirtisation®-67° BD-X 7.4 75.7 5.6 0.73 19.9
Hirtisation®-0° BD-Y 6.6 79.5 5.5 0.59 14.1
Hirtisation®-0° BD-X 5.3 65.9 1.9 0.46 12.0

Table 2. Surface roughness measurements as-built conditions.

Condition Cross-section Sa (µm) Sz(µm) Sdr (%) Str Spd(1 mm−2)

As-built-67° BD-Y 17.5 185.7 119.0 0.88 168.5
As-built-67° BD-X 19.2 212.5 130.5 0.88 130.5
As-built-0° BD-Y 15.9 209.9 111.6 0.90 157.9
As-built-0° BD-X 12.5 131.2 83.0 0.51 221.2

4 R. GUNNEREK ET AL.



Figure 4. Surface topography after Hirtisation® when using 67° scan rotation: (a) 3D surface image used for roughness measurements, and SEM images (b) and (c) 
revealing surface features along the build direction.

Figure 5. Surface topography after Hirtisation® when using 0° scan rotation: (a) and (d) 3D surface image used for roughness measurements and (b), (c), (e), and (f) 
SEM images at different magnifications revealing surface features along the build direction.

Figure 6. LOM micrographs of etched cross-sections of the 0° scan rotation: (a, b) in as-built condition and (e, f) after Hirtisation®. Similarly, the etched cross- 
sections of the 67° scan rotation are presented:(c, d) as built condition and (g, h) after Hirtisation®.

TRANSACTIONS OF THE IMF 5



Figure 7. SEM images (a) and (b) of cross-sections of the as-built sample produced with 67° scan rotation: Yellow arrows indicate semi-sintered powder particles 
and white arrows indicate the boundaries of melt pools.

Figure 8. SEM images highlighting the microstructural features and regions preferentially attacked by the Hirtisation® process. White arrows indicate melt pool 
boundaries and black arrows grain boundaries. In (a) and (b) polished cross-sections of sample with 67° scan rotation, and (c) unpolished top surface of the same 
sample after Hirtisation®.
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resulted in an anisotropic microstructure due to significant 
differences in solidification structure and thermal history. 
This is confirmed by the cross-section images for the 0° 
scan rotation sample in Figure 6 when comparing BD-X 
and BD-Y cross-sections. It is also evident from the images 
that all powder particles were removed by Hirtisation® 
(Figure 6(e–h)).

The SEM images in Figure 7 show the complex micro
structure of the as-built sample produced with 67° scan 
rotation. Both partially and fully sintered powder particles 
are adhered to the surface (yellow arrows) contributing to 
local variations in microstructure. The powder consists of 
a cellular/dendritic structure of larger size compared to 
the fully melted subsurface consisting of fine networks of 
cells. These cells are organised in columnar grains stretch
ing through several melt pool boundaries along the build 
direction (white arrows). For the Hirtisation® process this 
means that very different (local) microstructures are to be 
treated.

Figure 8(a and b) show the microstructure and surface fea
tures of the sample with 67° scan rotation after Hirtisation®. 
The semi-sintered powder particles are removed and sharp 
notches of up to ∼10 µm in depth are now found in the vicinity 

of melt pool boundaries along the build direction. Figure 8(c) 
shows the same sample in unpolished condition, where the 
notches are seen near the melt pool boundaries. Melt pool 
boundaries are areas with high thermal stresses, non-equili
brium phases and segregation of solute elements.19,20 There
fore, it is likely that these phase differences are easier to 
remove during the Hirtisation® process compared to other 
microstructural features. Previous work shows an improved 
corrosion behaviour towards pitting when the melt pool 
boundaries are removed by heat treatment above 950 °C.19

Therefore, preferential material removal by Hirtisation® 
might not have occurred if the samples had been subjected 
to heat treatment before post-processing.

SEM images of the sample with 0° scan rotation show that 
the same features are also present there (Figure 9(a and b)). 
Sharp notches pointing inwards towards the melt pool 
boundaries can be clearly seen at a distance corresponding 
to the layer thickness of approximately 40 µm. Studies of 
the surface in top view (Figure 9(c and d)) show that melt 
pools/tracks, grain boundaries and cells are etched during 
the Hirtisation® process. These images highlight how the 
differences in melt pool characteristics yield an anisotropic 
surface pattern. This demonstrates the importance of the 

Figure 9. SEM images highlighting the microstructural features and regions preferentially attacked by the Hirtisation® process. White arrows indicate melt pool 
boundaries and black arrows grain boundaries. (a) and (b) show polished cross-sections of sample with 0° scan rotation, and (c) unpolished top surface of the same 
sample after Hirtisation®. (d) unpolished top surface of perpendicular cross-section.
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different microstructural features on the material removal 
during Hirtisation®.

Conclusions

In this work, the effect of surface topography and microstruc
ture on the material removal by the Hirtisation® process of 
PBF-LB processed 316L stainless steel was investigated. The 
study illustrated that surface topography as well as micro
structure of PBF-LB produced samples affect the surfaces 
obtained after the Hirtisation® process. To obtain clear differ
ences in microstructure, surface roughness and material 
removal, the standard 67° scan rotation was compared with 
the 0° scan rotation. Based on this work main findings can 
be summarised as follows: 

. The surface roughness was significantly reduced by the Hir
tisation® process. This was mainly due to the full removal of 
sintered/semi sintered powders on the as-built surfaces.

. The melt pool and melt track boundaries were preferen
tially attacked by the Hirtisation® process which led to 
notches of up to 10 µm in depth.

. Scan rotation has an effect on the final surface topography 
of samples post-processed by Hirtisation®. The 0° scan 
rotation yields lower surface roughness on one side.

. To achieve uniform surfaces after Hirtisation®, it is rec
ommended that the initial surfaces are uniform for the 
entire part. This is achieved by a scan rotation of 67°, 
where the surfaces look similar in all cross-sections.
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