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Press Release

PFAS-free coatings: Fraunhofer ILT develops la-
ser-based manufacturing processes for indus-
trial functional coatings

Fraunhofer ILT is developing laser-based manufacturing processes for apply-
ing PFAS-free functional coatings to metal components, plain bearings, and
elastomer rollers. The RePEEK, EPOS, LEMBAS, and pureWaterSeal projects
demonstrate that replacing "forever chemicals" requires more than suitable
substitute materials. Equally important are the manufacturing processes
used to apply them.

Per- and polyfluorinated alkyl substances, PFAS for short, are virtually unbeatable in terms of
functionality: They are extremely resistant to both chemicals and heat, and that is precisely
why they are facing regulatory pressure. Yet replacing them is far from straightforward. PFAS
reduce friction, protect components against wear and corrosion, prevent material build-up,
and maintain emergency running properties when lubricating films fail. For these reasons, any
alternative requires not only a new material but also a reliable way of applying that material
to a wide variety of components.

Through the RePEEK, EPOS, LEMBAS, and pureWaterSeal projects, Fraunhofer ILT is develop-
ing laser-based processes for applying PFAS-free high-performance coatings on large metal
components, plain bearings, seals, and sensitive elastomer rollers. Depending on the applica-
tion, the laser can deposit coating materials, melt them locally, or selectively structure the sur-
face. Because it delivers energy precisely where it is needed, and only for a short time, the la-
ser enables engineers to process PFAS-free substitute materials that would otherwise require
energy-intensive furnace treatments or temperatures that could damage the underlying com-
ponent.

The material alone does not solve the problem

" At first glance, replacing PFAS seems straightforward: Eliminate one problematic material
and replace it with another," says Dr. Samuel Moritz Fink, Head of the Thin Film Processing
Group at Fraunhofer ILT. "In practice, however, the challenge is much more complex. PFAS-
containing materials are often used precisely where components experience the highest me-
chanical loads."

Alternative materials must adhere reliably to metal, plastics, or rubber, withstand high tem-
peratures, remain firmly bonded under load, and still be applied economically—even to very
large components. "Polyetheretherketone, or PEEK, is a highly attractive material from both a
chemical and a mechanical perspective,” Fink explains. "However, it does not automatically
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match every property of PTFE (polytetrafluoroethylene). PEEK is stiffer, more expensive, and,  july 30, 2026 Page 2 | 6
depending on the application, more difficult to process. For many industrial components, se-
lecting a different powder, film, or polymer is therefore only part of the solution."

The real challenge lies in the manufacturing process. How is the replacement material applied
to the surface? How does it bond to the component? And how can engineers prevent heat-
sensitive substrates from being damaged during processing?

"We do not see PFAS alternatives simply as a materials issue," says Dr. Christian Vedder,
Head of the Surface Technology and Ablation Department at Fraunhofer ILT. "Our research
focuses on laser-based manufacturing processes that allow us to build innovative coating sys-
tems selectively." These laser processes address precisely those areas where substitute materi-
als alone cannot yet deliver the required performance. They structure surfaces, improve adhe-
sion between the coating and the component, and locally modify coating systems without
unnecessarily heating the entire part.

RePEEK: PEEK coatings using a hybrid process

In the RePEEK project, the surface engineering team is investigating how PEEK-based coatings
can be applied to metal components used in heavily loaded, moving systems. They are focus-
ing on applications in mechanical engineering, including large plain bearings, seals, pistons,
and solenoid valves.

Large plain bearings used in wind turbines provide a particularly clear example of the chal-
lenge. A shaft rotates within a coated bearing shell, which is currently protected in most cases
by PTFE-based coating systems. As its name suggests, RePEEK replaces PTFE with PEEK.

"Today, PEEK is often applied to large components either as a film or as a powder that is sub-
sequently bonded by heat," says Samuel Fink. "That approach can work well for small com-
ponents. With metal parts weighing several tons, however, it becomes far more complicated.
The entire component has to be heated in a furnace to a high temperature and then cooled
down slowly." The process consumes large amounts of energy, takes considerable time, and
heats far more material than is actually required for the coating itself.

The researchers first use a laser-based deposition process to create a metallic surface layer.
This deliberately rough surface provides mechanical anchoring for the polymer. They then ap-
ply PEEK powder within the same process environment and melt it locally with the laser. The
polymer becomes anchored in the rough metallic surface, creating a composite coating con-
sisting of a metallic functional layer and a PEEK-based topcoat.

The team has developed a specially designed nozzle for the PEEK powder and has already
filed a patent application for the process. The cyclone nozzle greatly reduces the gas flow, al-
lowing the powder to reach the surface at a much lower velocity instead of bouncing off it.
As a result, the process uses more of the applied powder efficiently and is easier to control.

EPOS: Multilayer PEEK coatings for large plain bearings
Building on the RePEEK project, Delil Idris Demir at Fraunhofer ILT is investigating how PEEK-

based coatings can be deposited reliably onto large plain-bearing components in multiple lay-
ers. Applying the coating step by step makes it possible to build up greater coating
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ACS Coating Systems contributes its extensive experience in PEEK coatings, particularly for
plain-bearing applications. The company has been developing these coating systems since the
mid-1990s and now produces coatings ranging in thickness from just a few micrometers to
one millimeter. Managing Director Dr. Christoph Stecher is supporting the project by provid-
ing his expertise in coating design, industrial-scale application, and the transition to full-scale
manufacturing.

Polymer Service GmbH Merseburg (PSM), led by Dr. Katrin Reincke, tests and evaluates the
resulting coating systems. Their work focuses on the crystallinity, microstructure, and thermal
condition of the PEEK layer, as well as its mechanical and thermomechanical properties. These
data will help optimize both the laser process and the multilayer coating strategy so that the
coating bonds uniformly to the substrate and withstands the long-term mechanical stresses
encountered in plain bearings. EPOS therefore brings together Fraunhofer ILT's expertise in
laser-based process development, ACS's industrial experience in coating technology, and
PSM's materials science expertise.

LEMBAS: Non-stick coatings for sensitive elastomer rollers

The LEMBAS project focuses on elastomer rollers used in film manufacturing, the packaging
industry, paper production, and medical technology. In these applications, even small particles
released from the roller surface can quickly become a problem.

“Silicone coatings are still widely used for these applications," explains Adam El-Sarout, also a
member of the Thin Film Processing Group at Fraunhofer ILT. "While they provide the re-
quired non-stick properties, they do not always offer the durability demanded by today's
high-speed manufacturing processes." Together with the coating specialist Rhenotherm, the
LEMBAS team is developing laser-based manufacturing processes that use high-performance
polymers such as PEEK, polyamide, and polypropylene. Compared with silicone, these materi-
als offer greater resistance to wear, improved chemical stability, and a longer service life, all
without the use of PFAS.

"The real challenge is the processing window, " says El-Sarout. "High-performance polymers
require high melting temperatures, but elastomers such as EPDM can tolerate only limited
heat. Heating an entire rubber roller in a furnace would damage the substrate.” The laser
solves precisely this problem by generating high temperatures only where they are needed
and only for a very short time within the coating material. The functional layer melts, while
the elastomer component beneath it remains largely protected from thermal damage.

To ensure long-term adhesion, the researchers are developing not only the non-stick coating
itself but also an intermediate layer that protects the elastomer and strengthens the bond to
the functional topcoat. They are also tailoring the optical and rheological properties of the
materials to the laser process while investigating suitable coating and laser pre-treatment
methods.

" A replacement material must do more than provide the required functionality," says Vedder.
"It also has to be compatible with the component, the substrate's temperature limits, and the
manufacturing process.” If that step succeeds, the process offers several advantages: reduced
wear, fewer product contaminants, less cleaning and lower solvent consumption, and signifi-
cantly lower energy requirements than conventional furnace-based processes.
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In the pureWaterSeal project, researchers at the Fraunhofer Institutes for Laser Technology ILT
and for Mechanics of Materials IWM are developing sustainable seals that eliminate the need
for PFAS and operate with water-based lubricants. The project addresses two environmental
challenges at the same time: PFAS persist in the environment indefinitely, while oil-based lub-
ricants contaminate soil and water.

" Around one million tons of oil-based lubricants are consumed in Germany every year," says
Matthias Laermann, Head of the Surface Structuring Team at Fraunhofer ILT. "Just one liter of
oil can contaminate up to one million liters of groundwater. The consequences include pol-
luted soils, contaminated food supplies, and damaged ecosystems. We are developing solu-
tions that address both challenges simultaneously. "

Researchers at Fraunhofer IWM have developed diamond-like carbon (DLC) coatings specifi-
cally for PFAS-free polymer components. The Fraunhofer ILT team then used a laser to struc-
ture the coating, locally relieving internal stresses and mechanical loads without compromis-
ing the stability of the coating as a whole. At the same time, the combination of the coating
and laser structuring reduces friction, improves wear resistance, and extends the service life of
the seals.

The first prototypes are already operating in pumps used at geothermal power plants. To-
gether with industrial partners, the researchers are now adapting the seals for additional ap-
plications, including passenger vehicles, ship propellers, wind turbines, and agricultural ma-
chinery. At the same time, the team is preparing to scale up the technology for larger systems
and industrial production.

The laser makes the material transition practical

The various projects at Fraunhofer ILT demonstrate that replacing PFAS involves more than
simply substituting one material for another. It also requires manufacturing and surface engi-
neering processes capable of applying those new materials reliably. Here, the laser plays a key
role. It deposits materials locally, melts them precisely where needed, or structures functional
coatings without placing unnecessary thermal stress on the underlying component.

This gives industry greater flexibility. They do not have to wait for a single replacement that
can address every PFAS application. Together with industry partners, Fraunhofer ILT is devel-
oping customized coating systems for various components and requirements: low-friction sur-
faces for plain bearings, wear-resistant release coatings for rollers, and PFAS-free sealing sys-
tems for water-based lubricants.
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Image 1:

Dr. Samuel Moritz Fink, Delil Idris Demir, and Adam El-Sarout are developing laser-based pro-
cesses for PFAS-free functional coatings at Fraunhofer ILT. In the laboratory, they adapt the
coating processes to different materials and components.

© Fraunhofer ILT, Aachen, Germany / Ralf Baumgarten.
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Image 2:

The PFAS-free diamond-like carbon (DLC) coating is selectively modified by laser-based micro-
structuring. The structured surface (right) relieves internal stresses and enables the use of wa-
ter-based lubricants.

© Fraunhofer ILT, Aachen, Germany.

Image 3:

Large cargo ships use numerous seals that have traditionally contained PFAS and operated with
petroleum-based lubricants. The pureWaterSeal project combines PFAS-free sealing systems
with water-based lubricants, helping to reduce environmental impacts.

© pixabay / Georg Wietschorke.
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Image 4:
Large plain bearings used in wind turbines have traditionally relied on PTFE-based coating sys-
tems. In the RePEEK and EPOS projects, Fraunhofer ILT is developing laser-based processes for
robust PEEK coatings as a PFAS-free alternative.
© pixabay / Sinousxl.
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The Fraunhofer-Gesellschaft, headquartered in Germany, is a leading organization for applied research. It
plays a pivotal role in innovation by focusing on cutting-edge technologies and transferring research re-
sults to industry in order to strengthen Germany as a business location and benefit society. Since its
founding as a nonprofit in 1949, Fraunhofer has held a unique position in the German research and inno-
vation ecosystem.

With more than 30,000 employees at 74 institutes and independent research units in Germany, Fraunho-
fer operates with an annual budget of 3.6 billion euros. Contract research, Fraunhofer's mainstay, gener-

ates 3.2 billion of this budget. @ @ @
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