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Abstract

Additive manufacturing (AM) is considered a disruptive or key enabling technology. Polymer based AM using filament extrusion has
attracted much attention from customer/maker side, but many industrial applications require parts made in metallic materials and
consequently powder based processes. While these AM (SLM, EBM, DMD) processes become more and more reliable and the
achievable accuracy shifts towards industrial applicability, achievable surface quality is still insufficient. This process-inherent
challenge is based on partial melting and/or agglomeration of powder to the outside of the melt pool and the part, leading to high
roughness values in the range of 10 um < Ra £ 30 um. In combination with AM-specific complex designs (i.e. “complexity for free”
approach) and the resulting inaccessibility of many surfaces for e.g. grinding tools, surface finishing to acceptable values of Ra <2 pm
is difficult.

The recently developed Plasma electrolytic Polishing (PeP) process is based on a high DC voltage applied between part and an
aqueous electrolyte and the following creation of a plasma hull. Here, electrochemical and plasma reactions take place. It does not
require any shaped tool and has the capability of achieving surface quality of Ra < 0.02 um when starting from milled parts. However,
due to its current-density based localisation towards micro peaks, it is currently not efficient in removing large waviness. The study
analyses the capabilities of PeP on SLM metal AM parts and shows current results and ongoing research. As it is shown, PeP is a
suitable process to finish-machine AM parts and contributes to a tight tolerance chain, allowing to push AM of complex metal parts
further towards general industrial use.
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1. Introduction

Additive manufacturing (AM) is considered a disruptive or key
enabling technology. Polymer based AM using filament
extrusion has attracted much attention from customer/maker
side, but many industrial applications require parts made in
metallic materials and consequently powder based processes.

While these AM (SLM, EBM, DMD) processes become more
and more reliable and the achievable accuracy shifts towards
industrial applicability, achievable surface quality is still
insufficient. This process-inherent challenge is based on partial
melting and/or agglomeration of powder to the outside of the
melt pool and the part, leading to high roughness values in the
range of 10 um < Ra <30 um.

In combination with AM-specific complex designs (i.e.
“complexity for free” approach) and the resulting inaccessibility
of many surfaces for e.g. grinding tools, surface finishing to
acceptable values of Ra < 2 um is difficult. Furthermore,
precision, e.g. sealing, surfaces still need mechanical machining
after AM.

The Plasma electrolytic Polishing (PeP) process is based on a
high DC voltage applied between part and an aqueous
electrolyte and the following creation of a plasma hull. Here,
electrochemical and plasma reactions take place. It does not
require any shaped tool and has the capability of achieving
surface quality of Ra £ 0.02 um when starting from milled parts.
The process chain AM-milling-PeP is therefore highly interesting.

2. Plasma-electrolytic Polishing

Plasma electrolytic processes have gained attention from
metal finishing industries due to their capability to considerably
enhance surface properties [2]. Amongst them, plasma
electrolytic polishing (PeP) is an innovative surface treatment
leading to very smooth, high-gloss surfaces with improved
corrosion resistance.

It is associated to the plasma electrolytic processes and seen
as a special case of anodic dissolution [3,4,5,6]. PeP is primarily
determined by the dissolution of the anode (etching / polishing)
and plasma-chemical reactions.

Process Part handling
Energy system
Source (DC) Electrolyte

Cathode Vapourised
contact (bath) water from
agueous
Anode . electrolyte
contact (part)
Workpiece
Electrolyte Plasma skin
unit
(temperature Basin
control
) Cathode
Electrolyte
inlet
Electrolyte

outlet

Figure 1. Schematic of PeP setup



In general, the workpiece is anodically polarized (u = 180...300
V, J = 0.2 A/cm2) and immersed in a low-viscosity aqueous
electrolyte solution. Its conductivity is adjusted to 4...30 S/m by
the addition up to 12 % of various salts [2]. The relationship
between current density J and applied potential u must be set to
adjust the process window to the electro-hydrodynamic area for
the PeP process. Caused by the process conditions, a plasma
forms which completely surrounds the workpiece in the form of
a vapour skin. The vapour skin results in the process surface
temperature not exceeding the electrolyte boiling temperature;
hence during the process the part reaches a maximum
temperature of 9 <120 °C.

Figure 2. PeP ignition stage (left) and process stage (right)

3. PeP of AM parts

To make use of the full potential of AM technologies, part
designs are incorporating thin struts, freeform surfaces,
undercuts and other complex geometric features. However,
since many of the AM processes still lack repeatability, for this
study simple monolithic geometries were produced with three
AM parameter sets to ease measurement and reproducibility.
For this publication, only the best AM parameter set is
considered.

Since precision geometries or fitting, sliding etc. surfaces have
to be mechanically machined after AM, the sample has been
partially micro-milled, applying four different strategies, to take
this influence into consideration, too. Figure 3 shows the test
part, with SLM-dimensions of 5*5*12mm3. After SLM and
milling, the part surface has been analyzed using optical means.
Figure 4 shows a section with a transition from AM to milling.
Clearly, the different surface characteristics are visible. Fig 5
shows a part after PeP; note the gloss increase in all areas.

Figure 4: transition AM to
milling (scale=100um)

Figure 3: SLM part

after milling after PeP

The parts were treated for 2 and 12 minutes in PeP. Next to
confocal scanning using an Olympus LEXT system, SEM images
were taken to assess the surface before and after PeP. A clear
roughness reduction was achieved and burrs resulting from
milling operations were removed already after 2 minutes (Figure
7).

The characteristic of PeP also lead to forceless removal,
opening pores which were located subsurface or might have
been closed due to smearing of material. This is visible in Fig. 8.
PeP can in this way also be implemented as a sample
preparation method and for quality assessment of an AM
process.
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Figure 6: milled AM
surface before PeP
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Figure 7: milled AM
surface + 2 min PeP

Figure 8: milled AM
surface + 12 min PeP

Confocal measurements also show this clearly. Furthermore,
the weld lines of the AM process become visible (Fig. 10-11).

Figure 11: milled AM
surface after 12 min.
PeP (LEXT)

Figure 9: milled AM
surface before PeP
(LEXT)

Looking at the AM surface area (which was not milled), a
removal of attached particles is observed. While after 2 minutes
PeP some valleys are still existing, after 12 minutes of Pep, all
have been removed and also here, the layers/weld lines are

Figure 10: milled AM
surface after 2 min.
PeP (LEXT)

Figure 12: AM
surface before PeP
(SEM)

Figure 13: AM
surface + 2 min. PeP
(SEM)

Figure 14: AM
surface + 12 min.
PeP (SEM)

4. Summary

PeP is a promising technology to increase surface quality in AM
parts. It can reduce roughness significantly. It reduces surface
imperfections such as particle attachments after AM
significantly and can lead to valley-free parts, reducing the risk
for micro crack creation. If applied after other post-AM-
machining processes, it can remove burrs and reduce roughness
even further. In addition to this, it can be applied for quality
control, as it shows existing pores and impurities.

Further investigations need to be conducted to correlate the
efficiency of PeP with other surface treatment technologies in
order to establish an optimal process chain for AM parts.

References

[1] C. Caviezel et. al.: Additive Fertigungsverfahren (3-D-Druck) —
Innovationsanalyse, TAB-Arbeitsbericht Nr. 175, 2017, ISSN 2364-2599
[2] K. Nestler et. al.: “Plasma Electrolytic Polishing — An Overview of
Applied Technologies and Current Challenges to Extend the Polishable
Material Range”; Procedia CIRP, Volume 42, 2016, Pages 503-507, ISSN
2212-8271, https://doi.org/10.1016/j.procir.2016.02.240.

[3] A. Yerokhin et. al.: Plasma electrolysis for surface engineering.
Surface and Coatings Technology 1999; 122: 73-93.

[4] RR. Nevyantseva et. al.: The influence of vapor—gaseous envelope
behavior on plasma electrolytic coating removal. Surface and Coatings
Technology 2001; 148: 30-7.

[5] V. Stanishevsky V et. al.: Method of electrochemical machining of
articles made of conducting materials: Patent US5028304; 1991.

[6] D. Vana et. al.: Surface Properties of the Stainless Steel X10 CrNi
18/10 after Application of Plasma Polishing in Electrolyte. International
Journal of Modern Engineering Research (IJMER); 2013; 2: 788-792.



