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Radiation curing is a well established technology
that has been introduced more than fifty years ago and
has ever since enabled a wide variety of applications in
coatings, graphic arts and electronic materials. Driving
forces for this success story are the unique features of
this technology, which allow the realization of significant
technical, economic and ecological advantages. These
include the use of high solid formulations with low VOC
emission, full control over the curing process both in
time and space, a high cure speed at low temperature
and the superior quality of the finished products.

As for any technology that has evolved for some time,
several uses have turned from specialty applications
to commodities. This turns out as advantage for
the end user in view of the fierce cost competition in
certain applications, and components such as efficient
photoinitiators today available at low costs will
continue to be used in the future.

However, increasing new demands on radiation
curing can not be fully satisfied by the currently
available offerings. These demands are in particular
driven by environmental concerns and increasingly
stringent legal requirements, as well as by new
applications that are rapidly emerging and require
new products delivering additional value. Thus, besides
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the conventional applications of radiation curing,
exciting new developments of this technology are
currently evolving'.

A continuous development towards extreme high
performance applications is observed in electronic
applications since the introduction of this technology
due to the increasingly higher spatial resolution
required. Thus, while deep UV (193 nm, ArF excimer
laser)) is nowadays used for high resolution chip
fabrication (Figure 1a), extreme UV (EUV) resists
using wavelengths down to 13 nm are already under
development. This requires both the development of
new photoinitiators and resins as well as dedicated
hardware for the exposure and development steps.
Another break-through development was the recent
introduction of new photoinitiators that allow the
efficient curing of black matrix resists used in flat
panel fabrication? This is remarkable since pigmented
formulations, and especially black resins, have for a
long time been considered as not curable by UV light.
Radiation curing in electronics thus encompasses typical
high-end “factory applications”, performed under
optimized working conditions by a highly qualified
work force.

Conventional uses of radiation curing, for example
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in coatings or inks, are also qualified as “factory
applications”, since the curing step is performed using
dedicated equipment providing optimized curing
conditions. Strong requirements in these applications
are for further improvements to transform UV curing
from an environmentally friendly into a safe technology.
Intense work is thus dedicated to the development of
non-migrating ingredients with optimum organoleptic
properties especially for food packaging applications®.
On the other hand, an exciting new trend in radiation
curing that is currently observed is the development of
this technology towards applications that are performed
“on place” under very simple working conditions.
Typical examples are car refinish applications, which
are performed in a conventional body shop environment
that does not allow any costly additional investment.
Curing conditions must be safe and insensitive towards
variations of working parameters such as light
intensity or exposure time in order that curing can

be performed by a non-specialized work force. As for
the development of high-end “factory applications”, in
order to be successful, these “field applications” have
to be supported by the development of both a suitable
resin and photoinitiator chemistry and curing equipment
that can be used under such conditions (Figure 1b).
While existing systems can to some extent be
optimized, the development of new technologies can
provide better solutions to newly arising requirements.
Thus, the recent introduction of photolatent bases
allowed the use of a novel resin chemistry with improved
processing conditions and outstanding properties of the
cured coating for the recent successful introduction
of a first UV-A curable clear coat for car refinish
applications*. This coating can be cured by using
simple and harmless sun tanning lamps, and the recent
development of new light sources such as light weight
LED emitters is further supporting the development of

such field applications.

Figure 1. a) High-end “factory application” for 45 nm device production (Nikon NSR610C ArF Immersion Scanner)
versus b) a simple “field application” for car refinish in a body shop (Akzo Nobel NV)

The use of photolatent amine catalysts is not
restricted to car refinish applications. This novel
class of photoinitiators opens new opportunities for
radiation curing due to the extension of resin types and
crosslinking chemistries that become available for this
technology. Currently an intensive evaluation of this
novel technology platform is ongoing which will result
in new applications that are complementary to the
existing use of radiation curing.

Conventional applications of radiation curing have
been restricted to coatings applied on flat substrates.

The inherent properties of light result in an uneven
exposure of coatings applied on three dimensional
objects when conventional light sources are applied.
Today novel curing technologies open the possibility
to overcome these limitations and first applications
are being developed for automotive OEM coatings.
This breakthrough is likewise due to innovative novel
exposure tools such as plasma curing® and to optimized
formulations matching the requirements of these
novel technologies.

Thus, while becoming a mature technology in
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conventional applications, radiation curing is rapidly
developing into new areas that provide significant
technical benefits to the end user. It goes without

successfully realized by a close partnership between
resin manufacturers, photoinitiator providers, hardware
engineers and, last but not least, the end user.

saying that these developments can only be
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Figure 2. a) Conventional exposure of flat objects versus b) Plasma chamber for the curing on a three-dimensional car

body (consortium Roth&Rau/Durr/Ciba Specialty Chemicals Inc).
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