Towards durable surface coatings

STEP 1 Activation of the surface and attachment of the primer

Surface of item

A primer binds a forest of mole-
cular polymer brushes that are
physically or chemically compa-
tible with the melt of the poly-
mer. Entanglement between
the brushes and the polymer
melt during casting makes the
coating stick to the surface.

Attached primer

STEP 3
Casting of polymer coating

Polymer
coating
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STEP 2 Polymerization of the polymer brushes

Primer chemically attached to Polymer brushes chemically attached to the
the surface and the polymer coating surface and entangled with the polymer coating

The RadiSurf Project

The goal of the RadiSurf project at INANO is to
develop methods to generate strong chemical
bonds between polymer coatings and various
surfaces. This is particularly important for items
made of industrial metals such as iron and stain-
less steel as well as for commodity and engineer-
ing plastics.

The basic idea is to modify the surface chemical-
ly with a primer that is either reactive towards
or compatible with the polymeric matrix of the
coating. After laboratory testing the primers are
optimized and eventually implemented into
industrial processes.

The RadiSurf project will contribute significantly
to the development of future coating solutions
for corrosion protection, reduction of wear, and
cheaper maintenance. The research is carried out
in close collaboration with two industrial part-
ners: Grundfos, one of the world’s leading pump
manufacturers, and SP-Group that produces
moulded plastic components and polymer coat-
ings in Denmark, Poland, and China.
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Attachment of primers to surfaces

In the case of conducting materials such as met-
als, the initial activation of the surface can be
accomplished electrochemically by applying an
electric potential to the surface. In this manner,
an inert surface can become strongly oxidizing
or reducing, depending on the potential applied.
This facilitates the creation of covalent bonds to
a primer. The primer should contain not only

a group that is electrochemically reactive
towards the surface, but also a functional

group, which is compatible with the coating

to be applied. For non-conducting materials
such as plastics, the initial activation of the
surface is accomplished by plasma activation
methods followed by a chemical reaction

with an appropriately designed primer.

Both processes are easy to scale-up for our
industrial partners.

The strength of the chemical bond between the
surface and the primer is of crucial importance,
because this bond has to withstand large ther-
mal variations during the manufacturing proc-
ess. Our results based on infrared measurements
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show that bond stability up to at least
250°C on metal surfaces can be achieved.
Future research will focus on improving the
thermal properties by chemically modifying
the primer.

Attachment of polymers to primers

The next step is to produce a durable bond
between the primer and the polymer coating.

The most promising pathway is to use chemical-

ly reactive primers that form covalent bonds to
the polymer directly during casting.

Alternatively, the necessary reactivity of the
primer can be accomplished by synthesizing a
forest of polymer brushes that are chemically
and physically compatible with a melt of the
polymer. The resulting entanglement between
the brushes and the polymer melt casted onto
the surface during industrial moulding is suffi-
ciently large to ensure an overall strong bond-
ing. The design of suitable brush candidates

is challenging, because it depends strongly
on the exact chemical properties of the final
polymer coating.

Primer

Surface coatings can change the properties of
asurface; e.g. make it less water repelling.
This can be desirable for coatings of industrial
tools with water contact.

An uncoated surface repels a water drop

The same surface coated with a primer becomes

less water repelling
chemical bonds between
polymer and surface
Polymer via primer

A primer enables the formation of covalent bonds
between a surface and a coating leading to a very
strong attachment.

Based on experiments, theory and simulations
we aim to develop models to predict the best
candidate primers for the most commonly used
polymer systems. Before implementation,

the industrial partners will put the modified
surfaces through thorough long-term as well
as accelerated mechanical and chemical tests.
Passing these tests will ensure that the

new generation of coatings maintains the
required adhesion and protective properties
even when they are exposed to extreme
thermal fluctuations and aggressive chemical
environments.
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