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Prof. Dr. Andreas Grof3, Senior scientist and

long-standing leader in adhesive bonding technology

“Adhesive bonding
has become the
joining technology
of the 21st century”

Adhesives and sealants already play a crucial role in modern products.
Their importance will grow further. At Fraunhofer IFAM, one of the world’s leading
research institutes in adhesive bonding technology, researchers are exploring
how matenrials, bonding technologies and sustainability requirements
will shape the next generation of durable goods.

We spoke with Prof. Dr. Andreas Grol, Senior
scientist and long-standing leader in adhesive
bonding technology from Fraunhofer IFAM about
what lies ahead for adhesives and sealants.

How will adhesives and sealants’
requirements evolve in the coming
vears?

We expect product requirements to become
more complex, because performance,
sustainability and regulatory compliance must
be addressed simultaneously at system level.
Future products will need high performance
and sustainability, while meeting stricter
regulatory and safety standanrds. The number
of materials used in products will increase. We

are moving towards multi matenial designs,
where each material is selected for a specific
function. This creates new challenges, because
these materials must be joined in a way that
preserves their propenrties. That is exactly
where adhesive bonding becomes increasingly
important.

Why is adhesive bonding particularly
suited to this future?

Because it allows matenrials to be joined without
compromising their performance, especially
when applied within controlled, qualified and
validated processes that ensure the reqguired
end-state propenrties.

In many cases, traditional joining methods alter
or weaken materials. Adhesive bonding avoids
this and makes it possible to fully exploit the
potential of advanced materials. Looking ahead,
this will be essential for developing new product
concepts. Adhesive bonding will not just join
matenrials, but also contribute to functionality,
design flexibility and performance.

What role will adhesive bonding play in
innovation and competitiveness?
Innovation in materials and joining technologies
will be a key factor in industrial competitiveness.
Industrial ecosystems that can integrate advanced
matenrials into robust and scalable manufacturing
systems show clear advantages. Adhesive
bonding is a central part of that equation. It
enables lightweight construction, supports

new manufactuhing appr'oaches and allows
companies to respond more quickly to changing
requirements. In that sense, it will remain a key
enabler of innovation across many industries.

Sustainability is reshaping many
industries. How does this affect
adhesive bonding?

One of the most important concepts for the
future is ‘controlled longevity'. This means
products should function safely and reliably for
as long as required by their intended functicon,
while enabling circular use of materials at the
end of their life. This reguires a more holistic
approach to product development. Safety,
durability, repairability and recyclability must be

considered together from the beginning.

That’s where adhesive bonding comes in.

It supports lightweight design and energy
efficiency. It can also enable repair and
controlled disassembly. In the future, these
aspects will need to be integrated more
systematically into product design.

Does this mean adhesives and sealants
will need to evolve as well?

Absolutely. Adhesive technologies will need to
become more adaptable. We will see furthen
development of solutions that allow for
controlled disassembly at the end of a product's

life. At the same time, adhesive systems may
contribute additional functions where this

is required and technically justified, such as
thermal management, electrical conductivity or
other functional properties that support new
technologies.

So, the role of adhesives and sealants will
expand from bonding materials to actively
contributing to product performance and
lifecycle management.

If yvou look ten years ahead, vwwhat will
define adhesive bonding technology?
We will probably see stronger integration of
technological and ecological requirements.
Adhesive bonding will be used to create products
that are high performing and designed for
circularity from the outset. From a technical
perspective, the limiting factor for the next decade
is not the further development of adhesive
bonding technology itself. The state of the artin
adhesive bonding - including process control,
qualification and validation - is already highly
advanced and continues to evolve dynamically.

In an international competitive environment,
particularly for process-oriented technologies
such as adhesive bonding, regulatory
frameworks need to refocus on what is
technologically feasible and internaticnally
reguired. The role of regulation must be to follow
and reflect the evolving state of the art - not to
constrain technological development by concepts
rooted in an earlier technological reality.

This assessment is based on more than four
decades of professional experience in shaping
and implementing adhesive bonding technology
in industrial practice. Closing the growing
structural gap between technological capability
and regulatory assessment will be essential

if Europe wants to make full and effective use
of mature, safe and system proven bonding
technologies in future applications.

In that context, adhesive bonding will play an
even more central role than it does today. It will
help shape how a next generation of products
are designed, manufactured and used.



